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Abstract. Meyer's ParrotPoicephalus meyeri is the smallest of the ninoicephalus

parrots, forming th&. meyeri superspecies complex with five congeners. Thefridutional
range far exceeds any other African parrot, extenttiroughout subtropical Africa. Meyer’'s
Parrots had previously not been studied in the ,valud therefore, gathering high-quality
empirical data on their behavioural ecology becamesearch and conservation priority. The
primary aim of the study was to correlate environtak (e.g. rainfall, habitat availability,
resource characteristics, food resource abundamtéeanperature) and social (e.g. inter- and
intra-specific competition, predation, and humastudbance) variables with aspects of their
ecology (e.qg. flight activity, food item preferes¢cdreeding activity, and group dynamics) to
evaluate the degree of specialization in resousee(a.g. trophic, nesting and habitat niche

metrics).

African deforestation rates are the highest inwloed, resulting in twelve out of the
eighteen Meyer’s Parrot range states undergoinsfidriss of forest cover over the last 25
years. Most commentary on the population statusiejer’'s Parrots and oth&oicephalus
parrots pre-dates this period of rapid deforestatio addition, over 75 000 wild-caught
Meyer’s Parrots and almost 1 million wild-caugdpdi cephalus parrots have been recorded in
international trade since 1975. Empirical datafithis study was used to identify ecological
weaknesses (e.g. niche specialization or low bngedirnover) for evaluation within the
context of deforestation in the African subtropid®aseline data on the breeding biology and
nest cavity requirements of Meyer's Parrots wa® alscessary to assess the viability of
applying the conservative sustained-harvest madaffrican parrots. A unifying goal of this
study was to advance our knowledge of the ecolofyAfican parrots and other

Psittaciformes by assessing the validity of curtequotheses put forward in the literature.

The Meyer’'s Parrot Project was initiated in Jani094 on Vundumtiki Island in the
north-eastern part of the Okavango Delta, Botswamae to high flood waters between
March and July 2004, road transects were postpoiiedugust 2004. Transects were
conducted at Vundumtiki from August 2004 to Julp2@nd February 2007 to August 2007,
and at Mombo from August 2005 to January 2006. irngud80 road transects over 24
months, food item preferences closely trackedifrgiend flowering phenology, resulting in
significant positive correlations between Levingthe breadth, rainfall and food resource
availability. Meyer's Parrot can, therefore, bensioered opportunistic generalists pre-
dispersal seed predator that tracks resource bildjlaacross a wide suite of potential food
items, including 71 different food items from 3@drspecies in 16 families. Meyer’'s Parrots
were, however, found to be habitat specialistsgpriefg established galleries of riverine forest
and associated\cacia-Combretum marginal woodland. These strong habitat assodisti

facilitate their wide distribution throughout theat¥ango Basin, Linyanti Swamps, down the



Zambezi valley, up along the Rift Valley systemassociations with the great lakes, through
the Upper Nile and the Sudd, and west as far ae Cdilad through the Sahel.

Seventy-five nest cavities were measured durirgghidy, including 28 nest cavities
utilized by Meyer’s Parrots within the 430ha samglea at Vundumtiki. Over 1700 hours of
intensive nest observations at six nest cavities wadertaken. Meyer’'s Parrots formed
socially monogamous pair-bonds maintained oveeastl four breeding seasons. Breeding
pairs established breeding territories up to ameséd 160ha within which there were 1-6
nest cavities. Eggs hatched asynchronously, ysttimgs fledged synchronously with similar
body size and condition. There was evidence topaupthe incidence of extra-pair
copulations, however, mitochondrial DNA sequenceéadare required to confirm the
incidence of extra-pair fertilizations. Meyer'srRas had no preferences in regard to nest tree
species beyond the incidence of suitable nest ieayitvhich are selected and further
excavated to accommodate their non-random nedlyganéferences. There was a significant
non-nesting Meyer’s Parrot population during theedling season, likely due to this long-

lived cavity-nester delaying nesting until a suikalreeding territory becomes available.

Meyer’s Parrots utilize communal roosts during swenrand disperse from them
according to the Foraging Dispersal Hypothesis.e Buthe requirement to roost during the
middle of the day to avoid heat stress, Meyer'srd®srhave bimodal flight and feeding
activity patterns. The highest probability of lbng Meyer’'s Parrots is between 08h30 and
11h00 during summer when both adults are feedintherseeds of fleshy-fruits in riverine

forest communities.

Due to the paucity of data on the current distrdouand population status of Meyer’s
Parrots and other African parrots, a continent-videsey of all African parrots represents a
conservation priority. Current deforestation ratesseveral Meyer’'s Parrot range, their
specialist habitat associations, and lack of ewideto support adaptability to a changing
landscape mosaic necessitate the re-classificafiMdeyer’'s Parrots as data deficient or near-
threatened. Based on low breeding population dubniited breeding opportunities, the
CITES Appendix Il wild-caught bird trade shouldalse halted until the sustainability of this

trade has been evaluated and the relevant infamatade available.
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Chapter 1:

Introduction to the Meyer’s Parrot Project
(2004-2007)

Abstract. Meyer’s ParroPoicephalus meyeis the smallest of the nirRoicephalugarrots, forming the

P. meyerisuperspecies complex with five congeners. Their distabatirange far exceeds any other
African parrot, extending throughout subtropical Africanfi the southern Sudan to South Africa. Twelve
out of the eighteen Meyer’s Parrot range states haslergone drastic deforestation over the last 25 years.
In addition, over 75 000 wild-caught Meyer’s Parrots and alrhasillion wild-caughtPoicephalugparrots
have been recorded in international trade since 1975. Md3ar'sts and othdPoicephalusare, therefore,
likely threatened by sustained habitat loss and the \aildfat bird trade in most range states. Meyer’s
Parrots had previously not been studied in the wild, aréftire, gathering high-quality empirical data on
their behavioural ecology for use as an ecological Hirmack in future monitoring became a research and
conservation priority. The primary aim of this stuaigs to correlate environmental (e.g. rainfall, Fatbit
availability, resource characteristics, food resowlgendance and temperature) and social (e.g. inter- and
intra-specific competition, predation,and human disturbaf@efors with aspects of their behavioural
ecology (e.g. flight activity, food item preferenceseduling activity, and group dynamics) to evaluate
phenotypic plasticity and the degree of specializatiaesource use (e.g. trophic, nesting and habitat niche
metrics). Findings from this study were thus used to idergdological weaknesses (e.g. niche
specialization or low breeding turnover) for comparisgth current threats. Baseline data on the breeding
biology and nest cavity requirements of Meyer’'s Parmgas necessary to assess the applicability of the
conservative sustained-harvest model to African parratsinifying goal of this study was to advance our
knowledge of the ecology of African parrots and othettdsformes by assessing the validity of current
hypotheses put forward in the literature, thus supportifegtefe and practical conservation prescriptions

for threatened African parrot populations.

Introduction

Of the 332 recognised parrot species in the world (Forshaw J108fer and Parr 1998), very few have
natural distributional ranges more extensive than MeyertsoPRoicephalus meyeriwhich extend

from the eastern Sahel, southern Sudan and Nile Riveny#ilough the Great Rift Valley and Great
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Lakes system to South Africa, Namibia and Botswana (RA&883; Juniper and Parr 1998; Pentral.
2002). Wilson (1989) put forward that persistence of a phylecthrough geological time is the key
measure of ecological success. Ecological success isfdiesra function of the number of species in
the monophyletic group, occupation of unusual adaptive zones, extehstabutional range, and
fluctuations in population size and status (Wilson 1987). ks rhost abundant and widespread
Poicephalusparrot that forms th®. meyerisuperspecies complex with five congeners, understanding
the adaptive zone of Meyer’s Parrot was central to idangf putative contributory factors to their

apparent ecological success in comparison with ®berephalusspecies.

Comprehensive studies have been undertaken on the feeding atiddemmlogy of the Cape
Parrot P. robustus(Wirminghauset al. 2000, 2001, 2002; Syme= al. 2004), Rippell's ParroP.
rueppellii (Selmanet al. 2000, 2002, 2004), the Black-cheeked Lovebfxgapornis nigrigenis
(Warburton and Perrin 2005a,b), the Brown-headed PRrrotyptoxanthugTaylor 2002; Taylor and
Perrin 2006a,b), and the Rosy-faced Lovebitdmpornis roseicollis(Ndithia and Perrin 2006a,b).
Preliminary studies have been conducted on the Africay BarrotPsittacus erithacugChapmaret
al. 1993), the Red-bellied ParrBbicephalus rufiventrigMassa 1995) and the Yellow-faced PaifPot
flavifrons (Boussekeyet al. 2002). Due to the wide distribution and comparative ecological sucfe
Meyer's Parrot, this study tested the hypothesis thatfeébding ecology, habitat associations and
breeding biology of Meyer’'s Parrots is significantly difieréo otherPoicephalusparrots. Meyer’'s
Parrots had previously not been studied in the wild, their ceais@n biology was poorly known, and
no prior species-specific conservation action has beelememted for Meyer’'s Parrots in any of their
range states (Rowan 1983; Wilkinson 1998; Patrial. 2002).

Species-specific conservation planning requires a comsileenknowledge of their
behavioural ecology and population status, thus allowing for thela®ment of management
prescriptions that accommodate all ecological requiren(®il&inson 1998, Snydeet al. 2002). A
species can, therefore, only be put into a threat catemare sufficient ecological baseline data have
been gathered, correlating current threats with ecolbgieaknesses to develop a strategy that will
protect that species into perpetuity. African pareots all long-lived, cavity-nesting forest specialists
with a strong affinity for old-growth indigenous hardwood foresmmunities (Perriret al. 2002).
African deforestation rates are the highest in the wddNEP 2008), resulting in twelve out of the
eighteen Meyer’s Parrot range states undergoing drassiofderest cover. Given the lack of evidence
that Poicephalusparrots can adapt effectively to modified landscapes @ggcultural or urban
landscapes) in the absence of indigenous forest commuMigg®gr’s Parrots and other African parrots

are likely undergoing net population loss and range reductierialhabitat loss. Meyer’'s Parrots are
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classified as Least Concern as per the IUCN Red Ifidthoeatened Species (Birdlife International
2008), and therefore, are considered widespread and aburid&M @001). Global population and
population trends of Meyer’'s Parrots and other African qigrrhowever, have not been quantified
(Birdlife International 2008), and the majority of comnaag on their population status pre-date the
rapid deforestation over the last 25 years (Vincent 1944; MatkvPraed and Grant 1952, 1962, 1970;
Irwin 1956; Traylor 1965; White 1965; Urban and Brown 1971; éirpl. 1988; Lewis and Pomeroy
1989; Wirminghaus 1997; Wilkinson 1998; UNEP-WCMC CITES Trade Da&aBa05; UNEP 2008).
Up-to-date records of the population status and ecologly Boacephalusparrot populations represent
a conservation priority, especially in data deficigge@es (e.g. Yellow-faced Parrdes flavifronsand
Niam-Niam ParrotsP. crassup and historically heavily-traded species such as Seérfegaots P.
senegalufUNEP-WCMC CITES Trade Database 2005). Meyer's Pdfroject provided baseline
ecological data on this analogous African parrot speciesdswhe derivation of practical conservation

prescriptions foPoicephalugparrots populations that are in decline.

Cape Parrots are already endangered with about 1000 remainihg wild (Downs 2000;
Perrinet al. 2002; Perrin 2005; Downs 2005, 2006). Surveys in Namibia, Zambidakhwe and
remote areas in South Africa showed significant randeateon and population decline in areas where
Ruppell's Parrots (Selmaet al. 2004), Meyer’s Parrots (Boyes 2006a), and Brown-headed Parrots
(Boyes unpub. data) were previously abundant. Similarly, kBtheeked Lovebirds have the most
restricted range of any African parrot and are clabifis vulnerable due to climate change and socio-
economic pressures (Perdahal. 2002; Warburton and Perrin 2005). In addition to habitat Afsgan
parrots are also threatened by the wild-caught bird tratlereby over 3 million Africa parrots have
been removed from the wild, including over 75 000 Meyer's PaftdhEP-WCMC CITES Trade
Database 2005). Boyes (2006b; Chapter 12: Boyes and Perrin in egvieund that, according to the
UNEP-WCMC trade database, the Senegal Pd&toitephalus senegalus the most traded bird on
CITES Appendix Il. The pressures of the wild-caught birdetddetly function to compound losses due
to deforestation. Therefore, indications are thatcafmi parrots are likely under serious threat from
habitat loss (Collar and Juniper 1992; Juniper and Parr 1@88n Bt al. 2002), a situation that could
be compounded by the wild-caught bird trade (Boyes 2006), perse@gicrop pests (Rowan 1983;
Juniper and Parr 1998; Boyes 2006,2008a,b) and disease @t1lahth004). It thus became a necessity
to gather baseline data on the Meyer’s Parrot from dttty@gopulation to support a conservation plan
for African parrots. Wirminghaus (1997) reported a significkleyer’'s Parrot population in the
Okavango Delta, Botswana, thus prompting the ResearchreCent African Parrot Conservation

(University of KwaZulu-Natal) to choose this as the studyytetion.
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Systematics of the genuBoicephalus with special emphasis on Meyer’'s Parrot

There are 332 extant species in the family Psittacidlag(s 1940; Brereton 1963; del Hatal. 1997;
Juniper and Parr 1998). Most systematists classify yaRsittacidae as non-Passeriformes (Forshaw
1989; Juniper and Parr 1998). Phylogenetic analyses, howeverdiszovered a close relationship
between passerines, parrots and falcons, thus fundamemtadigging our understanding of

Passeriformes and the family Psittacidae (Haekat.2008; Pennisi 2008).

Parrots are characterised by a compact body shape andsbkr(Forshaw 1989). They vary
greatly in size from about 10-100cm in total length. Iricafr however, the variation is considerably
less with parrots ranging from 12-35cm (Rowan 1983). Mosndiste is the short stout, strongly
hooked beaks with a fleshy cere (Juniper and Parr 1998). ufjer mandible is not rigid, but is
articulated with the skull, thus allowing considerable vertivmvement (Rowan 1983). Feet are
zygodactylous, and plumage is hard, sparse and usually prighibured (Juniper and Parr 1998).
Aftershafts are present. There are ten primariesl@ntiil feathers in all but one genus that has 14
(Rowan 1983). Members of the Psittaciformes are also rismafby various internal morphological
structures (e.g. thick, fleshy tongue and specialized hgpphratus) (Smith 1975, Homberger 1982)

and certain behavioural characteristics (Brereton 1963eRm and Immelmann 2008).

To accommodate the wide morphological diversity of parrotsPHiacidae were subdivided
into six sub-families (Peters 1940), the Strigopinae (Kakaph® Nestorinae (Keas), the Loriinae
(nectar-feeding lories and lorikeets), Micropsittinae (Pygarrots), the Kakatoeinae (Cockatoos), and
Psittacinae (all the typical parrots, lovebirds, macaasellas and their allies). All African parrotear
part of the sub-family Psittacinae. Prior to the idé#tfon of the Cape Parr®. robustusas an
independent species to the Brown-necked Pd&rduscicollis fuscicollisand Grey-headed ParrBt
fuscicollis suahelicugwWirminghauset al. 2002; Perrin 2005), 19 continental species were recognized
by White (1965) and Peters (1940) for the Ethiopian region dimadufour genera (i.eAgapornis
Psittacus Psittacula and Poicephaluy  Forshaw (1989) and Snydet al. (2000) reported 18
predominantly allopatric parrot species for continentalcafrasAgapornis canusvas excluded due to
being on Madagascar. Therefore, this study recognizes li@emmal species in four genera with three
additional species in two genera (ifgapornisandCoracopsi} recognized on the associated islands.
Therefore, there are five genera of African parrots,utiag Agapornis Psittacus Psittacula
PoicephalusandCoracopsis including 22 speciesin this study no comment or analysis was made for
Psittaculaand Coracopsisspecies due to disjunct distributions and unique behawiodrmorphology
(Forshaw 1989; Juniper and Parr 1998).
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There are ten species in the gerRamicephalus including the: Cape Parrdeoicephalus
robustus Brown-necked Parrd®. fuscicollis Jardine’s ParroP. gulielmj Meyer’'s ParrotP. meyer;
Senegal Parrd?. senegalusNiam-Niam ParroP. crassus, Red-bellied Parmt rufiventris Brown-
headed Parrd®. cryptoxanthusRuppell's ParroP. rueppellj and Yellow-faced Parrd®. flavifrons
(Juniper and Parr 1998; Perrin 2005). Based on morphologidts, fPaicephalusparrots can be
grouped into theP. meyeriand P. robustussuperspecies complexes, thus demonstrating the close
relationships within this monophyletic group. These appearatigal assemblages within the genus
Poicephalus(Massaet al. 2000). P. robustusforms a superspecies with the Grey-headed P&rot
fuscicoliis suahelicysBrown-necked Parrd®. fuscicollis fuscicollisand Jardine’s Parrd®. gulielmi
(including three subspeciesp. meyeriforms a superspecies with the Brown-headed Parrot, Rippell’'s
Parrots, Senegal Parrét senegalusRed-bellied ParroP. rufiventris and Niam-Niam ParroP.
crassus(White 1965; Rowan 1983; Mass& al. 2000). Based on distributional range (Figure 1) and
morphological similarities (Figure 2), the closest congerfeMeyer’'s Parrot is Ruppell's Parrot.
Molecular evidence (Massa al. 2000) and dietary similarities with Meyer’s Parrot (Bxeleyet al.
2002) indicate that the Yellow-faced Parkotflavifronshas a closer taxonomic association with Bhe
meyerisuperspecies complex.

Poicephalusparrots are distributed throughout subtropical Africa, amydvis Parrots live in
parapatry (e.g. Ruppell's Parrot) or sympatry (Red-tzeMarrot) with all other parrots in tiie meyeri
superspecies complex, except the Senegal Parrot (Figutdeipbers of thd>. robustussuperspecies
complex, however, have disjunct distributional ranges (Figure The following hybrids have been
reported in captivityP. meyerix P. rueppellj P. cryptoxanthus P. crassusP. cryptoxanthus P.
meyeri(Brickell 1985). In the wild, Clancey (1977) reported that MayParrots and Brown-headed
Parrots hybridize extensively in the contact zone betweethSAfrica and Zimbabwe. Rowan (1983),
however, put forward that natural colour variations in Bréwveaded Parrots and Meyer’s Parrots could
have accounted for this apparent hybridization, thus mdkirnber investigation using mitochondrial
DNA sequencing necessary to confirm or refute this.

The number of recognised subspeciesffomeyeridepends on the systematist, as according to
Peters (1937) there are eight and according to White (196%)dheisix. Based on broader acceptance
in the academic community, the six subspecies put forwarditeM1965) are accepted; however, the
necessity for further revision is noted (Chapter 12). MsyRarrotPoicephalus meyerneyeriwas
discovered in 1827 by Ruppell near Kordofan, Sudan. The slarater described by Cretzschmar in
honour of Bernhard Meyer (1767-1836) (Rowan 1983). In 1898 and 1899, Newesoribed four
new subspecies, including?. m. matschefrom Dodoma District, MalawiP. m. reichnowifrom

Malange, Northern AngolaR?. m. transvaalensiBom the Northern Province, South Africa; ardm.
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damarensigrom Damaraland, Namibia (Rowan 1983). Three years iaté901, Sharpe described the
sixth subspecie®?. m. saturatusfrom North Ankole, Uganda (Rowan 1983) (Figure 3)P. meyeri
damarensisand P. m. transvaalensisare reported to overlap in the Okavango Delta, forming an
intermediate (Wirminghaus 1997; Rowan 1983).

P. robustus superspecies complex

(a) Cape Parrot P. robustus

(b) Brown-necked Parrot P. fuscicollis fuscicollis
(c) Grey-headed Parrot P. fuscicollis suahelicus
(d) Jardine’s Parrot P. guilielmi

(b)

P. meyeri superspecies complex

(&) Meyer’s Parrot P. meyeri (f)
(b) Red-bellied Parrot P. rufiventris
(c) Brown-headed Parrot P. cryptoxanthus
(d) Rippell’s Parrot P. rueppelli
(e) Senegal Parrot P. senegalus
(f) Niam-Niam Parrot P. crassus (d)

Figure 1: Distributional ranges of alPoicephalusparrots separated according to superspecies

complex.P. fuscicolliskept separate due to disjunct distribution (consideredpeaes)
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Rippell’s Parrot
Poicephalus rueppelli

Damaraland, Northern Namibia

20 January 1889
C.G. Anderson

. Steve Boyes ©

Meyer’s Parrot
Poicephalus meyeri

Thamalekane River
Okavango Delta, Botswana

11 December 1962
B.P. Hall

Red-bellied Parrot
Poicephalus rufiventris

Burao, Somalia

24 January 1906
G.W. Bury

Senegal Parrot
Poicephalus senegalus versteri

Abeokuta, Nigeria

17 January 1942
W.R. Fuisch

Brown -Headed Parrot
Poicephalus cryptoxanthus

Lake Malawi, Mozambique

23 January 1932
J. Vincent

Niam-Niam Parrot
Poicephalus crassus

Bahr-el-Ghazal, Central African
Republic

20 February 1936
Dr. C. Christy

Steve Boyes ©

Wk
L 2
P

Figure 2: Skins of Poicephalus parrotsh meyerisuperspecies complex from the Natural History Moset
Tring, U.K. (2006)
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P. m. transvaalensis

1899 (Neumann): N Transvaal
(South Africa)

Distributed throughout Zimbabwe, NE
Mozambique, NE Botswana, and far N
South Africa.

Steve Boyes ©

P. m. damarensis (a)

1899 (Neumann): Damaraland
(Namibia)

Restricted to S Angola, N and C
Namibia, and NW Botswana.

P. m. reichnowi

898 (Neumann): Malange
(N Angola)

Distributed throughout N and C Angola
and adjacent regions in Democratic
Republic of Congo.

——

P. m. matschei

1898 (Neumann): Dodoma District
(Malawi)

Distributed throughout Tanzania into N
Malawi, SE Kenya, SE Democratic
Republic of Congo and Zambia.

Steve Boyes ©

P. m. meyeri

1827 (Ruppell): Kordofan (Sudan)
Distributed across the northern part of
the distributional range in NE
Cameroon, S Sudan, Central African
Republic and W Ethiopia

Steve Boyes © >(C)
- 2 g e P. m. saturatus

; - < 1901 (Sharpe): North Ankole (Uganda)

Distributed throughout Uganda, W

Kenya, Rwanda, Burundi, and W

Tanzania.

Figure 3: Colour variation in Abdomen and rump vary between subspeemonstrating a morphological
character that is consistently different between suspe (a) Southern subspecies complex; (b) Central
subspecies complex; and (c) Northern subspecies complex.
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Description of Meyer’'s Parrot subspecies

Meyer’s parrots are the smallest of tReicephalusparrots (Rowan 1983; Juniper and Parr 1998;
Wilkinson 1998). The average body mass for 12 males collest&dnibabwe and Botswan®.(m.
transvaalensiswas 121.1g, and for 12 females was recorded at 112.4g (R®&8). A male and
female taken in AngolaP; m. damarensjsveighed 130g and 989 respectively (Rowan 1983).

Upon examination of a collection of 12 meyeriskins at the Natural History Museum at
Tring (U.K.), it became clear there were morphologidadracters that were inconsistent between
subspecies (i.e. colouration on the rump and abdomen, and iris)chlibetween individuals within
subspecies (i.e. yellow-blaze on crown and wing culvertgu(Ei4; Figure 5). The only consistent
characters foP. meyeriwere the greyish-brown or ash-brown colouration on the stk and upper
breast, and the black peri-opthalmic eye ring. Colouratiothe abdomen and rump varied from bright
blue inP. m. damarensiandP. m. transvaalensi® turquoise and yellow-green h m. saturatusnd
P. m. meyer{Figure 5). The incidence of blue on the abdomen and rumplates with proximity to
Ruppell's Parrots that have bright-blue colouration in tleeeas (Figure 2). Iris colouration varied
from red @. meyeriandP. m. saturatusto dark-brown P. m. transvaalensiandP. m. damarens)s
with P. m. reichnowandP. m. matscheiaving both iris colours represented (Figure 5).

Iris colour was inconsistent between

subspecies. Red in northern

distribution (e.gP. m. matschgiand Yellow-blaze or mottles across thg
dark-brown in the south (e.B. m. \ crown. Represented in all
transvaalensis subspecies, except m. reichnowi
(Figure 5). andP. m. damarensis

Colour on abdomen and rump vary
between subspecies. Bright green and
yellow in northern distribution (e.d@.m.
saturatu3, becoming turquoise and then
blue towards the distribution &f.
rueppellii (e.g.P. m. damarensjsn the
southern extreme of its range (Figure 2)
There were significant colour variations
within subspecies.

Yellow-markings on the carpal joint,
tibia and under-wing coverts were
variable between individuals of all
subspecies, but more pronounced in
northern distribution (e.d?. m.
saturate$ (Figure 5).

Figure 4: Distinctive yellow-markings proven to be unique to evadividual Meyer’s Parrot
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Cyril Laubscher ©

Figure 5: (a) P. m. damarensisvith no yellow
blaze and brown iris; (). m. tranvaalensiwith
yellow-blaze and brown iris (red iris in N
Zimbabwe); (c)P.m. matschewith yellow-blaze
and red eye (brown eye also in S Tanzania); and
(d) P. m. saturatuswith yellow-blaze and red

iris.

Meyer's Parrot subspecies can be further grouped inte thulgspecies “complexes” or clusters
by noting the relationship between morphological traits (esy.colour) and collection locations for
each skin.P. meyeri meyerandP. m. saturatusvhich form the North African subspecies complex,

m. matscheiand P. m. reichnowiwhich form the Central African subspecies complex, Bndn.
damarensiand P. m. transvaalensighich form the South African subspecies complex (Chapter 12).
These subspecies complexes were classified accordingrighatogical traits as follows: (a) North
African subspecies have a red iris and complete yellonebtszcrown and carpal joint; (b) Central

10
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African subspecies have both red and
brown iris colours represented and less
yellow with the vyellow-blazes on the
crown and carpal joints variable and often
missing; and (c) South African subspecies
have dark-brown iris colouration aid m.
damarensishave no yellow on crown,
while this trait is inconsistent iP. m.
transvaalensis Based on the established
distributional ranges of these subspecies
complexes is appears that these
morphological characters are consistent
between subspecies due to disjunct
distributions facilitated by the northern
complex being distributed around the Sudd
swamps (Sudan) and catchments in
Uganda, the central complex centring

around Lake Victoria, Lake Tanganyika

and Lake Malawi, while the southern Figure 6. (a) Pied mutation ofP. m.
o . matschei and (b) Blue mutation oP. m.

complex are distributed along the Zambezi

matschei demonstrates how variable and

and Chobe valleys and within the Kavango
Basin (Chapter 12).

inconsistent these morphological traits are.

Figure 6 illustrates what can be achieved within a femegsions, most likely since the early
1990s, with the incidence of pied and blue mutations. Furthalysis of morphological traits,
geographical distribution and DNA sequencing of Meyer's Pamaiuld yield important mechanisms
contributing to the speciation &foicephalusparrots and other African forest specialists (e.gre$o
refugia” theory (Diamond and Hamilton 1980)). Meyer’'s Paskis at the Natural History Museum at
Tring were collected between 1852 and 1964, and based on tloé maitation in the limited gene pool
in captivity, the Meyer’s Parrot subspecies may have chaogedthe last 100 years, especially those
populations isolated by climatic changes or deforestationtbedast 25 years. Only new photographic
and blood samples from the field will facilitate the effee delineation of Meyer’s Parrot subspecies.

11
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Individual identification

Characters that were inconsistent between individuglgnia subspecies could potentially be used for
individual identification (Chapter 9: Boyes and Perrin ine@evb). The yellow-blaze was represented
in all subspecies, except m. damarensiandP. m. reichenowi The specific pattern of the yellow on
the crown was unique to all skins and was conspicuous enougfhused in individual identification.
Similarly, the yellow-markings on the carpal joint, tibladaunder-wing coverts were variable between

individuals and unique to all skins (n = 124).

No sexual dimorphism is observed in the Meyer's Parrot (Rowan 19&8&)cording to
Maddock (1997), however, the female has a smaller, slenderalpdaa gently curved outline over the
upper mandible, cere, forehead and crown, when viewed fromdée Males have a larger, broader
beak and broader forehead that is flat on top (Reditt 199i)thd field, males and females are
distinguishable by comparison between two individuals or doupito behaviour during the breeding

season (i.e. female solely responsible for incubaticrteff

Meyer’'s Parrot Project (2004—-2007)
Aims and objectives

The primary aim of this study was to gather high-qualitypieical data on the feeding ecology,
breeding biology and daily activity patterns of Meyer'srBafor comparison with ecological studies on
other Poicephalugparrots. All previous studies &oicephalugparrots were restricted by low sighting
frequencies due to small, localized populations cadist under threat from habitat loss (e.g. Cape
Parrot (Perrin 2005)) and/or wild-caught bird trade (eigogell's Parrot (Selmaet al. 2000)). Due to
high sighting frequencies in the Okavango Delta (WirmingHe%7; Chapter 7: Boyes and Perrin in
review c) and a stable, healthy population (Chapter 8: BagdsPerrin in review d), sample size was
commensurate with correlation of environmental factors. fegd resource abundance, rainfall and
habitat structure) with trophic niche breadth, breedingesscand daily activity patterns. Following
comprehensive literature review, the following primary obyestiwere laid out for the Meyer’'s Parrot

Project, including the following:

(a) Gather baseline data on the feeding ecology of Meyer'etarbetter understand its food item
preference system (e.g. preference for unripe se€tisipfer 2: Boyes and Perrin in review e)
and ecological function within forest ecology (e.g. polimatand seed dispersal) (Chapter 6:

Boyes and Perrin in review f);

12
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(b) Determine putative causal factors for the wide distributinch @mparative ecological success
of Meyer’s Parrots over other African parrot species \luating habitat associations in the

Okavango Delta (Chapter 3: Boyes and Perrin in review g);

(c) Estimate temporal resource abundance of different fruid pod-bearing trees along
standardized habitat transects for comparison with f@wmd &nd habitat preferences (Chapter 4:

Boyes and Perrin in review h);

(d) Use a modified Hurlbert's expanded and standardized nichetbresdex to calibrate the
feeding activity of Meyer’'s Parrots and Levins’ niche breddtiex for comparison between
Poicephalus parrots to evaluate associations betwephidraiche breadth, body mass and

distributional range (Chapter 5: Boyes and Perrin in press i)

(e) Gather baseline data on the daily activity patternkftay and roosting behaviour of Meyer’'s
Parrots in the Okavango Delta to provide prescriptions fosusetechniques fdPoicephalus
parrots (Chapter 7; Chapter 8); and

(H Gather baseline data on the breeding biology of Meyer'©fiarthe Okavango Delta to better
understand pair-bonding, breeding seasonality, hatching synchrohyjudieg the breeding
season, territoriality and other ecological processas (mrasitism ofAcacia spp.pods by
bruchid beetles) that support successful breeding (Chaphaiter 10: Boyes and Perrin in
review i; Chapter 11: Boyes and Perrin in review j).

Finally, this study aimed to disseminate the resulthefeyer’s Parrot Project to as wide an
audience as possible by publishing popular articles in popudayazines, giving talks, seminars and
guest presentations, and publishing all findings in local swernational peer-reviewed journals
(Appendix I; Appendix Il). The derivation of practical consgiron tools for application in the

conservation oPoicephalugarrots in the wild was also a priority.

Study populations

The Meyer’'s Parrot metapopulation in the geographicallytedl&Kavango Basin and associated
Chobe-Zambezi Valley was chosen owing to the signifid&gyer’'s Parrot population reported in the
Okavango Delta, Botswana (Wirminghaus 1997) and the absérmey @ther parrot species (Rowan
1983; Juniper and Parr 1998). This study was conducted at twarprareas: Vundumtiki Island
located in the Kwedi Concession (NG22/23) in the north-eagtarn of the Okavango Delta, and
Mombo Camp off the northern peninsula of Chief’s Isldfdyre 6).
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Figure 6: Map of the Okavango Delta showing area of inundaturing flood season and location of Vundumtiki

and Mombo

The Vundumtiki and Mombo study areas included &tland categories (i.e. perennial swamp,

seasonal swamp, seasonally-inundated grasslangmittently-inundated grassland and rainwater

seepage pans) and all dryland categories (i.e. lnddsavanna, grassland and forbland). Vundumtiki

was dominated by\cacia-Combretunwoodland, established galleries of riverine farelsy Mopane

woodland and.onchocarpus nelssandveld, while Mombo was dominated Agacia tortilis sandveld

towards the interior of Chief's

Island with riveeinforest andAcacia-Combretumwoodland

communities dominating treelines along the floottga Data on feeding and breeding behaviour were
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also gathered from other areas in the Okavango Deltading Chitabe Camp, Duba Plains and Tubu

Tree Camp (Figure 6).

Background and functioning of the Okavango Delta

The Okavango Delta forms part of an internal drainggeesn known as the Kalahari Sand Basin. The
Okavango River finds its catchments on the Benguela Platezentral Angolan highlands in the form
of the Cuito and Cubango sub-catchments. The river flowsai@ben structure, an extension of the
African Rift Valley system (Hutchingt al 1976), and discharges around Skof water into the
resultant alluvial fan annually, augmented by another*@kmainfall per season (McCarthy & Ellery
1998). The delta system has a shallow gradient of appreiinta3500 (MacCarthet al. 1998) and a
gently undulating topography with a maximum relief of 2imys producing a large alluvial fan of
approximately 20 000kmof permanent swamp, floodplains, riverine forest, Acaeidland, dry

Mopane woodland, grassland, saltpans, islands, and ch&@Guoetbrichtet al 2001).

This patchwork mosaic of habitat types provides for tHe digersity of plant, mammal, reptile,
amphibian and bird species represented within the systn.example, there are over 134 families,
530 genera, 1256 species, and 1299 taxa of plant species represémedkavango Delta (Ellest al
2000). In addition, there are more than 530 bird species (Haztkay 2005), 155 reptile species
(Branch 1998), 150 mammal species (Skinner and Smithers 1998% amdphibian species (Carruthers
2001).

Evapo-transpiration is so significant that less than ®#%he water entering the system each
year (including both inflow and rainfall) leaves as surfdame and even less leaves as subsurface flow
(Dincer et al 1981). The Okavango River transports approximately 570 000 tonrsediofient per
annum (65% dissolved chemical matter and 35% clastic, msamigt) into the system (McCarthy and
Ellery 1998; MacCarthyet al 2002). To this sediment inflow is added another 250 000 tonnes of
aerosols that are annually deposited over the Delta t@hgrst al 1998). Primary water distribution
within the Okavango Delta occurs via channels, which sernanasteriole system supplying water to
the permanent and seasonal swamps. The Ngoga Channel isrdwey ghistributary channel connected
directly to the Okavango River, and supplies numerous sacpmahd tertiary channel systems, either
directly or by leakage from the primary channel. Secondatemdistribution occurs mainly via
overland flow through vegetated swamp (Elletyal 2000). The functioning of the Okavango Delta is,
therefore, based on this seasonal deposition of clastimeetithe chemical precipitation of calcite and

silica from ground water below islands, and disruptions cabgadrmite mounds, hippopotamus and
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elephant. Sedimentation functions gradually (at a sate-6cm per annum) to close channels, thus
facilitating channel-switching to occur, whereby water fl@vdiverted from one channel system to
another on a 100-200 year cydHléry et al2003).

Channel-switching is important in that it allows waterlie gradually diverted out of one
channel system into another. The longer floodwaters inunblat@oodplains of a specific channel
system, evaptranspirational loss of groundwater incredsessalinity of the groundwater beneath
islands, inducing the precipitation of calcite and silicathe surface. More soluble salts, such as
sodium bicarbonate, become extremely concentrated in tadyater (McCarthyet al. 2003). The
resulting brine is drawn to the surface by capillarity tesglin the precipitation of salts and the
formation of salt crusts on the island surface (McCaetrgl.2003). This saline groundwater is toxic to
most plant species, and thus most areas with salsaustarren (Ellergt al 2003). Island growth is
due to calcite and silica precipitation occuring predomigaatbund the vegetated fringes of the
islands. While the islands are growing the resident ptamimunities are changing, tracking the
changes in groundwater salinity and water level. Typicltbodwaters that have been switched into a
new channel system will encounter rainfall-leeched sawilg with dry Colophospermum mopane
Lonchocarpus nelsijon relict sandy channel beds)Axacia tortillis woodland dominating these areas.
As more flow is directed into the area, these woodlanelsegnlaced by broad-leaved evergreen forests
dominated bybiospyros mespiliformjgGarcinia livingstonia Ficus sycamorusigelia africang Ficus
thonningii andPhoenix reclinata.As salinities increase over the next few decades the pRmgnix
reclinata and Hyphaene petersiandegin to dominate as the centre of the island becomes amal
more barren due to the precipitation of salts and niceeased salinities in the groundwater. These
salinities increase until the palms begin to lose caydiit which point the channels should be ready to
switch due to sedimentation. Upon switching these sadilemds become dependent on seasonal
rainfall which leeches through the island, thus lowerialingies and allowing a succession of plant

communities to migrate back onto the island, thus settingeiphannel-switching cycle to begin again.

The permanent swamps are permanently flooded and are dainimaextensive, sometimes
homogenous, stands of tall emergent species rooted in flgeatg including?hragmites mauritianus
reedbedsCyperus papyruswamp andViiscanthus junceuswamp, which generally occur close to
major distributary channels. Further away from the chanmdisre the water levels are consistently
shallow, short emergent communities such Rgreus nitidusswamp or short emergent bog
communities are represented. In the deep lagoon and chasuimiserged and floating-leaved species
dominate, including submerged bedsN#jas horridus Rotala myriophylloidesandOttelia spp, and

floating communities oBrasenia schreberNymphaea spmndNymphoides indicéEllery et al 2003).
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The seasonal swamps are diverse, exhibiting zonation gshdépgendent on the depth and
duration of the flooding. Areas flooded for the longest periothw# tmay have submerged or floating-
leaved communities similar to those occurring in the perntasswamps. When the flood recedes or
you move into areas with a shorter or lower flood, thesdespedll give way to emergent communities
dominated byCyperus articulatus Schoenoplectus corymbosasd Oryza longistaminata Short
grasslands of Eragrostis inamoena dominate areas fldod#ue shortest period®anicum repensnd
Sorghastrum friesjifollowed by a zone dominated liyperata cylindricaor Cynodon dactyloiiEllery
et al 2000). These are the grasslands zoning back to seas@mapswbserved adjacent to islands that

are not adjacent to a primary distributary channel.

Islands are typically surrounded by floodplain grassland aasiosel swamp, giving way to
Ficus verruculosaon the periphery an&yzigium cordatunimmediately inward. In areas that are
infrequently flooded, are tall broadleaved evergreensterer riverine forest dominated Byospyros
mespiliformis Garcinia livingstonia Ficus sycamoryKigelia africang Ficus thonningii andPhoenix
reclinata Further inland this community gives way laterally t@ideous woodlands dominated by
species such ascacia nigrescen®erchemia discolgrtCombretum imberhe&roton megalobotrysand
Lonchocarpus capassaddypaene petersianaccurs in the saline interior of these wooded island fsnge

typically surrounded by short grassland$Spbrobolus spicatu@vhich grows in these saline sails).

The mainland and sandveld areas are dominated by savanna wowedtandgenerally
homogenougolophospermum mopara the heavy textured soils aAdacia eriolobadominating on
the sandy soils in these areas. These areas arelyedipendent on seasonal rainfall. The Meyer’s
Parrot is restricted to the islands, mainland and sadé@reks, feeding seasonally Eious verruculosa

andPhoenix reclinataadjacent to the main channels.

Timing and logistical difficulties

Logistical difficulties were overcome with the support ofld®rness Safaris Botswana (Pty) Ltd.,
Sefofane Charters, and the staff, guides and manageat¢ambura Plains in the Vundumtiki area and
Mombo Camp. The support of the Botswana Department of ¥#&ilaihd National Parks and Birdlife

Botswana was invaluable in getting supplies in and out afehearch camp.
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Chapter 1: Introduction to Meyer’s Parrot Project

Fieldwork was conducted between January 2004 and July 2007, #@menth visit to the University
of California, Berkeley, between February and Decen2®@6 to do data analysis and experimental
design for the 2007 field season. Due to high floodwaters betieech and July 2004, standardized
data collection was postponed until August 2004, when standdndiad transects were conducted five
times a week in six different time period to census fdethiand habitat preferences, daily activity
patterns, flocking and roosting behaviour, and breeding gcti8tandardized road transects continued
at Vundumtiki until July 2005, when the study moved to the Morabean. Unstandardized road
transects were conducted according to the same regimeraiMtiki until January 2006. Between
February and August 2007 an intensive study of the breeding bidlddgy@r's Parrot was conducted,
including the setting up of a dedicated research camp &othiateer assistantship program for the 10-

hour nest observations (Figure 7).

Rationale and methodology for core studies on ecology of Meyer’s Parrot

The Meyer’s Parrot Project investigated five aspectthefecology of Meyer’s Parrot, including the
feeding ecology (Chapters 2, 4 and 5), habitat associatiorepigeh3), role in forest ecology (i.e.
contribution to pollination and seed dispersal) (Chapted&ily activity patterns (i.e. feeding, non-
feeding and flight activity) (Chapter 7), group dynamics (flecking and communal roosting

behaviour) (Chapter 8), and breeding biology (Chapters 9, 10 and 11).

Very little, beyond anecdotal reports in the literatuvas known about the feeding ecology of
Meyer’s ParroPoicephalus meyem the wild (Perriret al. 2002). This study tested the hypothesis that
Meyer’'s Parrot is an opportunistic generalist pre-dispeyesad predator that tracks resource availability
within a wide suite of food resources. Standardized romuseécts were conducted to ascertain the
seasonal significance of different food items over 24 moatid facilitate comparison between

Poicephalugarrots to make inferences on threat status and cotiseriélogy.

Species-habitat associations are important in consemvatianning and management for
identifying the potential impacts of habitat change on sgesurvival (Brown and Stillman 1993,
Marsden and Fielding 1999). To this end numerous studies Ibeen undertaken on the habitat
associations of parrots (Bryant 1994, Gilardi and Munn 1998sdéa & Fielding 1999, Robinet al.
2003, Evanst al. 2005). However, no research, beyond anecdotal descriptions litethéure has
been done on the habitat associations of African parr@sirifet al. 2000). Habitat loss in forest
communities has been identified as a primary factor tianésg avian species survival (Collar al.
1994). Davidaet al. (2001) highlighted the value of keystone forest habitat tgpesthe requirement

to identify and protect these plant communities. Defatigst rates in African countries are twice that
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of the rest of the world, whereby the continent loses 4vaillion hectares of forest every year (UNEP
2008). Recognizing this potential threat, this study testedmpact of the loss of each forest habitat

type utilized by Meyer’s Parrots on their monthly dietaitgke recorded over 24 months.

The role of parrots as seed dispersers and pollinatorsharefore, as agents in engineering the
ecosystems they inhabit, is poorly known (Juniper & Parr 1998yeral authors have put forward that
the impact of parrots on seed dispersal and recruitnidatest communities, depending on population
levels, is likely significant due to high consumption of repiitve parts of plants (Jordano 1983;
Terborghet al. 1990; Frenclet al. 1992; Galetti 1993; Renton 2001). Parrado-Rosselli and Amaya-
Espinel (2006) observed that the feeding behaviour of the Purpkteéd FruitcrowQuerula purpurata
was consistent with high quantity and quality seed dighenhereby fruit handling techniques, effects
of gut treatment on germination, and post-feeding movenmiport effective dispersal to viable
microsites. Very few studies, however, have been conductettheoimtensity of seed and flower
predation by parrots (Galetti and Rodrigues 1992). Thisyséwdluated the feeding behaviour of
Meyer's Parrot for evidence of linkages between predatioseefls and flowers and forest ecology.
Symes and Perrin (2003) put forward that secondary dispgwsatsaon the ground (e.g. rodents, ants
and termites) could facilitate dispersal of viabledseéo suitable microsites for germination and
establishment. This study tested the hypothesis that Mepersots play no discernible role in

pollination or seed dispersal in the Okavango Delta, Botawa

All Poicephalusparrots studied thus far have bimodal daily flight actiyatterns, whereby
flight activity peaks in the early morning and late aft®mn (Skead 1964; Massa 1995; Wirmingheaus
al. 2001; Boussekegt al. 2002; Symes and Perrin 2003; Taylor and Perrin 2004). Bimpdiald also
been reported in the daily activity patterns of Neotroppzatots (Snydeet al. 1987; Lindseyet al.
1991; Pittier and Christianson 1995; Cassagrande and BeissingerPig®&nd Siméao 1997; Gilardi
and Munn 1998; Salinas-Melgoza and Renton 2005; Masietib 2006), Australasian parrots (Marsden
1999; Marsden and Fielding 1999; Robieefal. 2003; Cameron 2005), Mexican parrots (Renton and
Salinas-Melgoza 1999), and other African parrots RsttacusandAgapornig (Chapman et al. 1989;
Warburton and Perrin 2005; Ndithia and Perrin 2006). This/sthdrefore, tested the hypothesis that

all Poicephalus parrots have bimodal daily activitygrat.

Symes and Perrin (2003) and Taylor (2002) put forward that, dueetbigh protein
and energy content of their food resources, feeditigitgan the morning was likely sufficient
to support the daily dietary requirements of Grey-hddei@rots and Brown-headed Parrots. |
tested the hypothesis that Meyer’s Parrots are notreamsti by temporal availability of food

resources in the Okavango Delta.
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Most parrots are, at least, seasonally gregariouscamuinunal roosting is common (Forshaw
1989; Chapmaret al. 1989; Gilardi and Munn 1998; Juniper and Parr 1998). Group membéaeship
evolutionary and behavioural significance due to its infleeoc inter- and intra-specific competition
(Cairns and Schwager 1987), risk of predation (Walther andeG26D1), reproductive skew theory
(Reeveet al. 1998), foraging efficiency and dietary intake (Cameron 2005), acidlscohesion and
information-sharing (Stutchbury and Morton 2001). Similar he Cape Parrot (Skead 1964,
Wirminghauset al. 2001), Yellow-faced Parrot (Boussekey al. 2002), Grey-headed Parrot (Symes
and Perrin 2003a) and Brown-headed Parrot (Taylor & P&00¥), most medium- to large-sized
parrots, such as the Hawk-headed Pddeybptyus accipitrinugStrahlet al. 1991), Red Shining Parrot
Prosopeia tabuensi@Rinke 1988), most macaws and amazons (Gilardi and Munn 19985y@lack-
CockatoosCalyptorhynchus lathamiCameron 2005), and the African Grey PaPRsittacus erithacus
(Chapmaret al. 1993) typically occur in pairs or flocks of between two &mar. Gilardi and Munn
(1998) put forward that small parrot species (E@pus spp. aggregate into larger flocks. This was
corroborated by studies on the Black-cheeked Lovebird (WarbardrPerrin 2005) and Rosy-faced
Lovebird (Ndithia and Perrin 2007).

Taylor and Perrin (2004) have suggested the social meahdresind group dynamics in
Poicephalugarrots is likely intra-specific association, wherdiogking is a function of the aggregation
and dispersal of pair sub-units governed by food resourceabili?g. Brown-headed Parrot pairs
showed no special affiliation to other members of theigr@xcept recently hatched progeny), and
therefore, will join or leave the flock voluntarily (Tayland Perrin 2004). Therefore, we tested the
hypothesis that Meyer’s Parrots typically occur in flodfsbetween two and four parrots and are

organized into loose colonies associated with a cemtogt (Massa 1995).

Symes and Perrin (2003) put forward that Grey-headed Pautitiize communal roost
according to the Foraging Dispersal hypothesis (Chapetaa. 1989). This study also tested the
applicability of the Information Centre hypothesis (Wardd atahavi 1973), General Foraging
hypothesis (Bradbury and Vehrencamp 1977; Chapetaal. 1989), and optimal foraging theory
(Rakotomanana and Hino 1998; Wheelwright 1985).

Very little, beyond anecdotal reports in the literaturas wnown about the breeding biology of
Meyer’s ParroPoicephalus meyem the wild (Perriret al. 2002). This study tested the hypothesis that
Meyer's Parrots are socially monogamous and breeding synchrgneitkin an extra-pair mating
system. This study evaluated putative stimuli for facultative earlyubation and assessed the

applicability of established hypotheses to hatching asynchirorBoicephalusparrots. Hypotheses
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tested included: Brood Reduction hypothesis (Ricklefs 1965; Mid®4); Energetic Constraints
Hypothesis (Slagsvold 1986); Limited Breeding Opportunity Hyesis (Beissinger and Waltman
1991, Beissinger 1996); Egg Protection Hypothesis (Bolliegje. 1990; Bollinger and Gavin 2004);
and Brood Parasitism Hypothesis (Lombatdal. 1989; Beissinger 1996).

Due to wide distribution and comparative ecological successomparison with other
Poicephalusparrots this study tested the hypothesis that the nestolggy of the Meyer’'s Parrot was
significantly different from othePoicephalugparrots. This included testing the hypothesis that ilsere
a dichotomy inPoicephalusparrot nesting behaviour, whereby members offthmeyerisuperspecies
complex are nest tree generalists, while Eherobustussuperspecies complex includes nest tree

specialists.

Presentation of thesis

This thesis was presented as a collection of papers dretiavioural ecology of Meyer’s Parrot in the
Okavango Delta. Papers were presented in the formpaireel of each journal, however, the tables and
figures were embedded in the text. Notification of revistus and journal to which the manuscript
has been submitted is indicated. Repetition should be awodated due to separate publication of
findings in diverse journals. The number of cross-refmerbetween chapters has been increased in

these manuscripts to better link the chapters in the thesis.
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Chapter 2:

The feeding ecology of Meyer's Parrot  Poicephalus meyeri

in the Okavango Delta, Botswana *

The diet of Meyer's ParroPoicephalus meyerin the Okavango Delta, Botswana, was distinctly sedson
comprising 71 different food items from 37 tree species irafiélies. During 480 road transects over 24 months,
food item preferences closely tracked fruiting and flowerpigenology, resulting in significant positive
correlations between Levins' niche breadth, raireab food resource availability. Meyer’s Parrot daerefore,

be considered opportunistic generalists that track res@wailability across a wide suite of potential foodnise
Pre-dispersal seed predation accounted for 62% of totlihfpactivity, of which 37% were seeds from ripe pods
and fruits. Unripe seeds were, however, preferred \ghasonally available. Seeds and parasites from &wiits
pods accounted for 42% and 35% of total feeding bouts resggctiruit pulp was predominantly consumed as
byproduct of seed predation. Four arthropods, previously unknowtme diets of African parrots, were
discovered during the breeding season. The most impdremtspecies in their diet included (in order of
magnitude) K. africang D. mespiliformis C. imberbe F. sycomorusD. lycoides lycoidesC. hereroensandB.
discolor. Geophagy was reported in the questionnaire by qualiétiduides operating in the study area. There

was no evidence to support any local migrations.

Introduction

Very little, beyond anecdotal reports in the literatiseknown about the feeding ecology of Meyer’'s
ParrotPoicephalus meyein the wild (Perriret al. 2002). Comprehensive studies, however, have been
undertaken on the diets of the Cape PdPatephalus robustu@Virminghauset al. 2002), Rippell's
ParrotP. ruppellii (Selmanret al. 2002), Grey-headed Part fuscicollis suahelicu§Symes and Perrin
2003), Brown-headed parr®. cryptoxanthus(Taylor and Perrin 2006), Black-cheeked Lovebird
Agapornis nigrigenigWarburton and Perrin 2005), and Rosy-faced Lovehirseicollis(Nditkia and

! Formatted foiOstrich— Journal of African Ornithology, Birdlife South AfricBlISC, Grahamstown, South
Africa: Boyes, R.S. and Perrin, M.R. (in press a)direpecology of Meyer’s Parréoicephalus meyein the
Okavango Delta, Botswana.
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Perrin 2006). Preliminary studies of the African Greyr&d?sittacus erithacugChapmaret al. 1993),
Red-bellied ParrotPoicephalus rufiventristMassa 1995), and Yellow-faced Parrmt flavifrons
(Boussekey et al. 2002) have also been undertaken. Our stidy the hypothesis that, similar to
Ruppell’'s Parrot and the Brown-headed Parrot, Meyer's P&rain opportunistic generalist pre-

dispersal seed predator that tracks resource avaiabithin a wide suite of food resources.

Meyer’'s Parrot is the smallest of tloicephalusparrots and forms a superspecies with
Ruppell's Parrot, Brown-headed Parrot, Senegal P&ratenegalusRed-bellied Parrot, and Niam-
Niam ParrotP. crassus(Rowan 1983; Juniper and Parr 1998; Massa 2000). Six subspecies are
recognized withP. meyeri damarensiand P. m.transvaalensigeported to overlap in the Okavango
Delta (White 1965; Rowan 1983). Meyer’s Parrots have the wililgsibutional range of anifrican
parrot, exceeding that of the African Parakesittacula krameriand Red-faced LovebirAgapornis
pullarius. They are distributed throughout subtropical Africa withorsjest associations with
established riverine forest galleries (Sgzigium-Adinavoodlands oDiospyrosGarcinia woodlands),
dry savanna woodland (e.gcaciaCombretumwoodlands), Miombo woodlands (e.Brachystegia
woodlands), secondary growth around cultivation, and dry Acsmiabland withTamarindusand
Adansoniaalong river valleys (Snow 1978; Rowan 1983; Forshaw 1989; Juniper amdl1898;

Chapter 3: Boyes and Perrin in review a).

The diet of Meyer’s Parrot in the wild is reportecctmsist of fruits, nuts and seeds, including
Ficus spp. Ziziphus abyssinicaZ. mucronata Uapaca nitidula Monotes glaber Combretum spp.
Grewia spp, Sclerocarya spp.Pseudolachnostylis maprouneifglidfzelia quanzensisAdansonia
digitata, Melia volkensij Ficus sycomorusand flowers ofSchotia brachypetal@Rowan 1983; Brickell
1985; Massa 1995; Wirminghaus 1997; Juniper and Parr 1998). Raidrigusf orchards, maize
crops, and grain fields (e.g. sorghum and millet) I laeen reported (Rowan 1983; Juniper and Parr
1998; Boyes 2006). Consumption of non-dietary materials (e.g.bsol, leaves or wood) has been
observed in Ruppell's Parrots (Selmanal. 2002), Grey-headed Parrots (Symes and Perrin 2003),
Black-cheeked Lovebirds (Warburton and Perrin 2005), Brown-kde&@arots (Taylor and Perrin
2006), and Rosy-faced Lovebirds (Ndithia and Perrin 2006; 2007j)ot®are more insectivorous than
initially suspected (Forshaw 1989). Arthropods are commaherdiets of Australian parrots (Rowley
and Chapman 1991; Smith and Moore 1991) and incidental in Neotrppicats (Martuscelli 1994;
Renton 2001). African parrots have consistently been feuadtively forage for invertebrates (Selman
et al. 2002; Wirminghaugt al. 2002; Symes and Perrin 2003; Warburton and Perrin 2005; Taylor and
Perrin 2006).
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Phenological variations at forest community level influeficed resource availability for
primary consumers (e.g. parrots) which respond to scarcitsarious ways, including diet-switching
(Stutchbury and Morton 2001), seasonal breeding (Lack 1967), and/ogeshan range use
(Wirminghauset al. 2001; Van Schailet al. 1993). Our study monitored fruiting and flowering
phenology of all trees in the diet of Meyer’s Parrots faretation with niche breadth, monthly rainfall
and flood seasonality. Meyer’'s Parrots are repoddtatze some local movement to the Zimbabwean
highlands likely due to wandering during the dry season (RAW&8). Most parrot species use local
migrations and considerable foraging flight distances)sue sufficient dietary intake (Forshaw 1989).
Cape Parrots may have a foraging flight distance of over 10@kndgy at certain times of the year
(Skead 1964; Wirminghauet al. 2002). Foraging strategies such as this have high enecgstg; and
therefore, it is reasonable to assume that, when posailsjgecies will adopt more sedentary foraging
behaviour. Meyer’s Parrots predominate in subtropical hardiaredts which contain a wide-variety
of fruit- and pod-bearing trees suitable for consumptiofPbizephalusparrots. Therefore, we tested
the hypothesis that Meyer’'s Parrots are sedentary when gieeopportunity by monitoring fruiting

phenology of all tree species recorded in the diet of Mey@airot.

The concept of keystone species has become a popular paradignsénvation ecology (Paine
1995). Plant resources that serve disproportionately aoghic importance to specific consumers
have been referred to as “pivotal species” (Howe 1977) gistkae mutualists” (Gilbert 1980, Gautier-
Hion & Michaloud 1989). Keystone plant resources are, therefood plant resources that produce
fruit during periods of food resource scarcity (Gautier-Haiod Michaloud 1989; Levey 1990; Lambert
and Marshall 1991). Our study evaluated potential keystoné paaurces in the diet of Meyer’'s

Parrots by examining four intersecting ecological attribptedorward by Peres (2000).

M ethods
Study sites

The Okavango Delta was chosen as the study area becaitisesighificant Meyer’s Parrot
population (Wirminghaus 1997)The study was conducted at two sites: Vundumtiki Islandtém in
the north-eastern part of the delta, and Mombo Camp offdhteern peninsula of Chief’'s Island. Both
study sites were wilderness areas with limited humapaah or disturbance to habitat or animal
behaviour (Figure 1). Climatic conditions in the Okavangddate distinctly seasonal, comprising a
wet season (November—March) and dry season (April-Octolbdepn annual rainfall is 450-560mm

(Ellery et al. 2003; Wolski and Savenije 2006). During the annual flood the areaecbigr water
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expands from its annual low of 2500-4000kiRebruary—March) to its annual high of 6000-1206bk
(August—September) (Figure 1). Arrival of the aanflood lags the rainy season and follows one or
two months after the end of rainfall in the reg{@umbrichtet al. 2001; Elleryet al. 2003). Rainfall
was monitored daily using a rain gauge over théreestudy period. The extent of the flood was
monitored using flow rate data from Mohembo (Powrrs 2008) and calibrated to the study sites by
recording first significant increment in water |éw& a measuring pole in permanent water as the sta

of the flood at that study site.

| | | | | | |
LMohembo ~ 22°15’ 22045’ 23015’

B
! ' 20 40 60 80  100km

Vundumtiki Island
Mombo Camp
—19°00’

—19°30’

Figure 6: Map of the Okavango Delta showing area of inundation during flood season and location of Vundumtiki

and Mombo
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Questionnaire

Questionnaires were sent out to all Wilderness Safariswna professional guides operating in the
Okavango Delta. The questionnaire had a checklist of &#hpal food trees and asked the respondents
to check those consumed by Meyer’s Parrot in their @reperation. It also gathered information from
respondents on breeding seasonality, daily sighting frequeeratgubjective population dynamics over

the past five years.

Habitat analysis

All fruit- and pod-bearing trees potentially used byyes Parrot and all representative forest habitat
types at each study site were identified between July 20®3/anch 2004. Fruiting phenology of all
these tree species was monitored over the entire study pgrieddrding fruiting-flowering stage once
a week. Tree nomenclature followed Van Wyk and Van Wyk (199d) Palgrave (2002). Habitat
descriptions followed Ellery and Ellery (1997), Roodt (1998) dietyeet al. (2000).

Data collection

Due to high flood waters between March and July 2004, feediitg collection was postponed till
August 2004. Feeding observations were conducted at Vundumtiki from Auwfi®4 to July 2005 and
February 2007 to August 2007, and at Mombo from August 2005 to January Q066t and cessation

of breeding activity was also monitored over this period.

At Vundumtiki: To standardize spatial distribution of MegeParrot feeding observations, the
total sample area was defined as the area 100m eitheofdide 26.2 km standardized road transect.
The same observer and vehicle travelling at 15-20 km/h withpan top were used for all road

transects.

At Mombo: Due to time constraints and logistical difftees a standardized road transect was
not established, however, vehicle travelling speed, obsdrasmsect width, sampling frequency, and
transect duration were standardized to the regime usédnalumtiki. Feeding census duration in the
Mombo area was limited to two and a half hours after diepafrom camp. This was the average time

taken to complete the Vundumtiki census route.

Road transects were conducted five times a week on diffeleyrs from start to finish. A

systematic sampling strategy was used for the tempatalbdition of feeding observations, whereby
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six daytime time periods were established (i.e. 06h00-08h30; O08H®®M;111h00-13h30; 13h30-
16h00; 16h00-18h30; and 18h30 to sunset). Road transects weretednouall six time periods

before a specific time period was sampled again.

Feeding activity and behaviour were recorded using direct cismg in the field. All
observations were made with a 30x Kowa spotting scope at tienara sighting distance possible to
minimize disturbance of feeding behaviour. The following dagaewecorded: time of day, habitat
type, tree species, food item type and number of fedomgs. A_feeding boutvas defined as an
individual within a flock, or solitary, feeding on a specibod item at a specific sighting. A food item
was defined as any plant food eaten by Meyer’s Parrots lbledcaiccording to tree species and food

item type. _Food item typewere classified according to the part consumed and frustiage, and

included: ripe (r) and unripe (un) seeds from fruits or ptidrers (f); pseudocarp and seeds of figs (p);
and fruit pulp from fleshy fruits (fr). Arthropod food itemgere classified according to the host tree
species and their family, and included: parasitic Hemagevae (h); parasitic Lepidoptera caterpillars
(); and parasitic Coleopteran larvae (c). Arthropod famins were identified by inspecting all

potentially-infested dietary (e.g. pods and fruits) and netad/ (e.g. bark and leaves) food items
consumed or inspected by Meyer’s Parrots over the stedgdo Acronyms for tree species and food

item types are listed in Table 1.

Data analysis

The four intersecting ecological attributes put forward éseB (2000) were used to evaluate importance
in the diet of Meyer’'s Parrot. These included: (a) Tenmpedundancy (defined in terms of the degree
to which the availability of a potential keystone planbtese synchronizes with the fruiting phenology
of other potential food items); (b) Consumer specifiqitiefined as an inverse function of the
percentage total feeding bouts over a defined period); (@juRes reliability (defined in terms of the
degree to which a potential keystone plant resource imea grea predictably provides food resources
to consumers); and (d) Resource abundance (defined is térstanding resource abundance of each
tree species within the sample area (Chapter 3). P2088) concluded that keystone plant resources
are those plant species producing reliable, low-redundamury fesources that exhibit high consumer

specificity.

Levins’ niche breadth (B or measure of uniformity was used to identify periofisniche
specialization based on observed feeding activity (Levins 19B8% Y:/>N;’, where Y represents

total feeding bouts of all food items ang tie number of feeding bouts associate with resouroe jstat
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(Colwell and Futuyma 1971; Hurlbert 1978). Different food itemsewsterpreted as resource states
within the resource matrix. Distribution within this tempgaesource matrix was measured as the total
number of feeding bouts for a specific food item in a $peaionth. B is closely related to the
coefficient of variation and is simply the inverse of f&on’'s (1949) measure of concentration or
ecological specialization (Hurlbert 1978). Therefores imaximized when an equal number of parrot
feeding bouts are associated with each food item consuméuht specific month, thus implying
generalist food item preferences and no discrimination betfe@ehitems (Hurlbert 1978). Our study

determined niche breadth fluctuations month-to-month toifgeperiods of food niche specialization.

Kolmogorov-Smirnov (K-S) and Lilliefors tests were usedtdst for normality. Spearman
rank correlationrg) was used to test for correlations between Levins’' nimieadth (B) values and
floodwater flow rates, rainfall and food resource availgbil\Wilcoxon Matched Pair Test was used to
test for significant spatial and temporal differeniesfood resource preferences. Chi-squat® (
statistic was used to evaluate the magnitude of the differeatween differences in feeding activity
between food items due to location, time and breeding acti@tatistical analysis followed Quinn and
Keough (2002) and Zar (1984).

Reaults

Questionnaire

The results of 28 questionnaires confirmed the year-rourskmpce of Meyer’'s Parrot throughout the
Okavango Delta. All food items identified by professionatlgs, excepRhus tenuinervidPterocarpus
angolensis Bauhenia petersiana subsp. macrocantrad Grewia flavescenswere recorded in our
study. Consumption of grass seeds was reported by téspendents. Consumption Aflansonia
digitata and Schlerocarya birreaseed kernels was reported by 12 and 14 respondents respectivel
Predation of Mopane wornSonimbrasia belinavas reported in three respondents, but could not be
corroborated in our study or the literature. Drinkingswaported throughout the year. Nectivory on
Kigelia africana flowers was reported by several respondents. Geophagyrepasted by three
respondents operating in the south of the Okavango Deltd ard in the Moremi Game Reserve (n =
2). All three reports of geophagy were on floodplainsiarch and April, and included a maximum of
four parrots. Respondents reported that population statustalale over the last five year throughout
the Okavango Delta, with increasing populations reporigtie Chitabe, Xigera, Tubu Tree and Duba

Plains.
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Chapter 2: Feeding ecology of Meyer’s Parrot

Rainfall and flood seasonality

Annual rainfall only exceeded the expected range in the OcRili¥y — March 2006 wet season when
683mm was recorded (Figure 2). The lag time for flow dita from Mohembo was calibrated at 59
and 27 days delay for Vundumtiki and Mombo respectiveiyuie 2).

VUNDUMTIKI [MOMBO| [VUNDUMTIKI
#FLOOD (cusecs) 180
o0 | ®RAINFALL (mm)
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200
40
100
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0 0
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D Ay 2 9 c x5 >c 3 D a8 2 & c¢c &L L LI
230288822835 2806288 p2283573
MONTH-YEAR

Figure2: Flood regime (dark grey) and rainfall seasonality (Igylety) at Vundumtiki and Mombo

Habitat description

Eleven primary forest habitat types representative of Isttidy sites were identified (Table 1).
Lonchocarpus nelsisandveld and\cacia eriolobasandveld were only represented in the Vundumtiki
study area, whileAcacia tortilis sandveld,Hyphaene petersianavoodland andPhoenix reclinata
thickets were only represented in the Mombo study arBa&cus verruculosathickets were only
represented along channels in both study areas. The stuglyveite representative of the Okavango

Delta system, as all forest habitat types outline&lsry and Ellery (1997), Roodt (1998) and Ellety
al. (2000) were represented at Vundumtiki and/or Mombo.
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Chapter 2: Feeding ecology of Meyer’s Parrot

Food item preferences

During the 480 census transects completed over 24 months at Mikidumd Mombo 1975 sightings
including 5048 feeding bouts were recorded. Over this period 7literod from 37 tree species within
16 families were identified (Table 2)Kigelia africana (15.4%; n = 777) accounted for the highest
percentage of total feeding bouts, followedipspyros mespiliformig11.8%; n = 598)Combretum
imberbe(8%; n = 404)Ficus sycomoru$7.9%; n = 400)Piospyros lycoides lycoidg$.9%; n = 299),
Combretum hereroens@.7%; n = 239), an@erchemia discolo2.8%; n = 140) (Table 2). Only
unripe D. mespiliformisseeds K. Africana flowers, F. sycomorudigs and wasp larvae, and ri
imberbeseeds had a consumer specificity of over 40% in a givamthrn(Table 3). Between six and
sixteen food items were consumed each month with a mean of40.63 (Table 3).Kigelia africana
was the only tree species utilized throughout the year, whilenberbeandF. sycomorusvere each
consumed for more than 7 months of the year continuouslyelvéwiree species, includingrewia
spp, Carissa edulis Lonchocarpus spp.Acacia tortilis Terminalia prunoides Combretum
mossambicenséhoenix reclinataand Hyphaene petersianavere utilized for less than a month and

accounted for less than 1% of the annual diet.

Seeds and parasites from fruit accounted for 42% (n = 2116¢ding bouts, while seeds and
parasites fromLeguminosaeind Combretaceagods accounted for 35% (n = 1749). Seed predation
accounted for 62% (n = 3140) of feeding bouts, of which 39%1875) were seeds from ripe pods and
fruits. Consumption of unripe seeds was seasonal and cad28% (n = 1165) of foraging activity.
Preference was shown for seed kernels from unripe fruit® whe fruits and pods where available.
Flowers were the third most important food item type anting for 13% (n = 632) of feeding bouts.
During SeptemberK. africanaflowers were the primary food item accounting for 37% and %6%
feeding bouts at Vundumtiki and Mombo respectively. Agbibconsumption, predominantly during
the breeding season (February — July) accounted for 17% (n -oB®tal feeding bouts. Pseudocarp
and seeds of figs represented 7% (n = 346) of foragingtgctFruit pulp was consumed regularly as a
by-product of seed predation, but was only targete®ynigium guineensand Phoenix reclinata
accounting for 2% (n = 95) of total feeding bouts. Grassls were only consumed on two occasions in
March 2005 at Vundumtiki. Consumption of leaves, bark and weasdobserved in fledgling Meyer’'s
Parrots during the post-fledging period (July — December).

Meyer's Parrots were infrequently observed drinking in patrseasonal pans (n = 23) and
floodplain margins (n = 11) in the early morning during the sfason (before and after the arrival of
the flood).
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Table2: Total feeding bouts for each tree species observédratumtiki and Mombo

TOTAL FEEDING BOUTS

VUNDUMTIKI MOMBO VUNDUMTIKI
FOOD ITEMS Non-breeding Breeding Non-breeding Breed ing

Aug-04 - Jan- Feb-05 - Jul-05 Aug-05 - Jan- Feb-07 - Jul-07
FAMILY/Species Acronym  Part consumed n % n % n % n %
ANACARDIACEAE
Sclerocarya birrea SB r,fr,i - - 83 2 - - 69 2
APOCYNACEAE
Carissa edulis CE r,un 10 <1 - - - - ** <1
ARECACEAE
Hyphaene petersiana HP un *x <1* - - 58 4 - -
Phoenix reclinata PR r, f *x <1* - - 37 3 - -
BIGNONIACEAE
Kigelia africana KA r,un, f 202 6 111 3 364 26 96 3
BOMBACEAE
Adasonia digitata AD un, f 43 1 - - 35 2 - -
CAESALPINIACEAE
Guibourtia coleosperma GC un, r 0 0 68 2 - - 72 2
CAPPARACEAE
Boscia albitrunca BoA r - - - - 17 1 - -
Capparis tomentosa CT r,un - - - - 47 3 - -
CELASTRACEAE
Gymnosporia senegalensis GS r - - - - 32 2 - -
CLUSIACEAE
Garcinia livingstonia GL r,un 120 3 - - 111 8 - -
COMBRETACEAE
Combretum hereroense CH ri - - 108 3 - - 131 4
Combretum imberbe Cl r, f 49 1 146 4 27 2 153 4
Combretum mossambicense CMos r, f *x <1 - - - - *x <1
Terminalia prunoides TP r,un 0 <1* 4 <1 - - 6 <1*
Terminalia sericea TS ri 0 0 154 4 - - 81 2
EBENACEAE
Diospyros mespiliformis DM r,un 287 8 54 1 216 15 41 1
Diospyros lycoides DL r,un 50 1 80 2 68 5 101 3
LEGUMINOSAE
Albizia harveyi AlH r - - 17 <1 - - 14 0
Acacia sieberiana AS r - - - - 10 1 - -
Acacia erioloba AE r,un, f 28 1 26 <1 - - 12 0
Acacia hebeclada AH r,un, f - - - - - - - -
Acacia nigrescens AN r,un, f 100 3 56 2 83 6 54 1
Acacia tortilis AT r,un, f - <1 8 <1 59 4 6 <1
Burkea africana BA r - - 33 <1 - - 22 1
Colophospermum mopane CM ri 29 1 88 2 - - 107 3
Dichrostachys cinerea DC r,un - - - - 19 1 - -
Lonchocarpus capassa LC r 3 <1 49 1 3 <1 56 2
Lonchocarpus nelsii LN r 11 <1 6 <1 - - 2 0
MORACEAE
Ficus burkei (thonningii) FB p, fr,i a7 1 44 <1 23 2 22 1
Ficus sycamorus FS p, fr,i 201 6 7 <1 167 12 25 1
Ficus verruculosa Fv p, fr 0 <1* 12 <1 - - 0 <1*
MYRTACEAE
Syzigium guineense SG r,un, fr 25 <1* 7 <1 7 <1 19 <1*
RHAMNACEAE
Berchemia discolor BD r, un, fr 15 0 52 1 22 2 51 1
Ziziphus mucronata ZM r, un, fr 8 0 32 <1 14 1 22 1
TILIACEAE
Grewia bicolor GB r *x <1 *x <1 *x <1 *x <1
Grewia flava GF r - - - - ** <1 - -
TOTAL FEEDING BOUTS 1228 1245 1419 1162

*Under sampled and assumed to have higher consumption in other areas
**QObserved several times when not doing transect
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Chapter 2: Feeding ecology of Meyer’s Parrot
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Chapter 2: Feeding ecology of Meyer’s Parrot

Temporal and spatial variation in food item preferences

Food item preferences were distinctly seasonal, cldsabking fruiting phenology of all target food
items (i.e. above 10% CS-value) (Table 3). There wagnéisant positive correlation between Levins’
niche breadth (and monthly rainfall g= 0.621; n = 24; p = 0.001), monthly rainfall and total number
of food items available each montlh €0.788; n = 24; p < 0.001), and therefore, betweesnB total
number of food items available each month=10.648; n = 24; p < 0.001). There was, however, no
significant correlation between iBand flood flow rates (adjusted for study siteg)=(0.347; n = 24; p

= 0.096) (Figure 2; Figure 3).

There was a significant difference between food item pFeées at Vundumtiki and Mombo
over the period August to January (Wilcoxon Matched Pait; Tes 54; T = 185.5; Z = 4.692; p <
0.001) (Table 3). There was, however, no significant differemteden food item preferences at
Vundumtiki in 2005 and 2007 over the period February to July (Wilcoxachd Pair Test; n=54; T
=188.5; Z = 0.905; p = 0.365) (Table 3). Chi-squafedtatistic showed greatest significant difference
between food item preferences during and outside the breedmgnsg’ = 6588.1; df = 53; p < 0.001),
followed by between study sites’(= 2857.3; df = 53; p < 0.001), and 2005 and 2007 at Vundunsfiki (
= 646.96; df = 53; p < 0.001) (Table 3). Breeding activity ve®nded between February and July
each year (Chapter 9: Boyes and Perrin in review b). Siginéggency was consistent over the entire
study period (Figure 3).

Arthropod consumption

Five arthropod larvae previously unknown in the die
of African parrots were recorded during our stus
(Table 4). An unknown owlet moth larva
(Lepidoptera Noctuidag feeding on and incubating ir
C. mopanepods was the only specimen not identifie
(Figure 4). Arthropod consumption was distinct
seasonal, accounting for 20-72% of the total mont
feeding bouts during the primary breeding seas
(February — July) (Table 3). The only incidences

arthropod consumption outside of the breeding sea Figure 4  Unknown owlet moth larvae

were on the waxy exudate and larvae of Pssylid Bee (Lepidoptera, Noctuidag¢ feeding on and

on C. mopandeaves and on fig wasps and their lary ncubating inColophospermum mopapeds.
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insideF. sycomorudigs (Table 4). Consumption of exudate and larvae syliRsBeetles accounted for
1-10% of total monthly feeding bouts between July and Septemhiée consumption of fig wasps and
larvae accounted for 25-38% of total monthly feeding boute/dest October and December. All
consumption of arthropods by Meyer’'s Parrots was determinis$ parrots invested a significant
amount of time prospecting for these food items, whit®iigng any others that may be available (e.qg.

fruit pulp or seeds).

Table 4: Tree parasites and mutualists consumed by Meyer’stRarkundumtiki and Mombo. References: 1 =
Pickeret al.(2004); 2 = Roodt (1998); 3 = Miller (1996); 4 = Compétral. (1991).

TreeSpecies Part parasitized Arthropod Month Ref.
Sclerocarya birrea caffra Fruit pulp Red Marula caterpillar*
Mussidia nigrivenella Feb-Apr 1

(Lepidotera, Pyralidae)

Combretum hereroense Seed in pod Bruchid Beetle larva Caryedon spp. * Mar-Jul )
ar-Ju
(Coleoptera, Bruchidae)
Terminalia sericea Seed in pod Bruchid Beetle larva Caryedon spp. *
) Mar-May 3
(Coleoptera, Bruchidae)
Acacia erioloba Seed in pod Bruchid Beetle larva Bruchidius uberatus*
) Feb-Mar 3
(Coleoptera, Bruchidae)
Colophospermum Mopane  Petioles, leaves Pssylid Beetle Arytaina mopani and exudate AUGLS )
. . ug-sep
(Hemiptera, Psyllidae)
Colophospermum Mopane  Seed in pod Unknown Owlet moth larva*
) ) ) Mar-May 1
(Lepidoptera, Noctuidae) (Figure 4)
Ficus sycomorus Pseudocarp Fig wasps and larvae
Ceratosolen arabicus Jan-Dec 4

(Hymenoptera, Agaonidae)

* Important during breeding season

Discussion
Food resource availability tracking and local migrations

Food resource availability tracking by Meyer’s Parrotswlemonstrated by the regular pattern in the
food item calendar (Table 2) and the strong correlations betrvaggall seasonality, fruiting phenology
and Levins’ niche breadth. Even though there were no signifiifferences in food item preferences

between years at Vundumtiki, there were significant diffexenic food item preferences at Mombo and
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Vundumtiki, 35 kilometres apart. Spatial differences etatly intake were likely due to differences in
habitat mosaic and rainfall reported at these study, siessilting in Meyer’'s Parrots tracking the
availability of different food resources. This dispairityfood item preferences would have been even
larger had Mombo been sampled for the entire yegremiation ofA. tortilis heterocanthdlowers and
seedsF. verruculossgseudocarp and seeds, unithepetersianaseeds, an®. reclinatafruit pulp was
likely more significant over the dry season at Mombo, wiertertilis sandveldF. verruculosahicket,
Hyphaene petersianavoodland, andPhoenix reclinatathicket were exclusively represented in our
study. These relationships demonstrate that Meyer's Fargot opportunistic generalist that tracks

food resource availability within a restricted rangeesslthan 35km.

No fluctuations in sighting frequency, consistent resetir@cking over the study period and no
period of food resource scarcity that warranted emmnaith search of food demonstrated that there
were no significant local migrations. Meyer’'s Parras,ctherefore, be considered sedentary in the
Okavango Delta, probably ranging up to 4km from the primary aomahroost (Chapter 8: Boyes and

Perrin in review c).

Food item preferences

Meyer’'s Parrot is an opportunistic generalist pre-dispeesad predator. Over 38% of feeding activity,
however, was on nectar and pollen from flowers, arthropochdamand products (e.g. exudates),
pseudocarp and seeds from figs, and fruit pulp. Thereforedigteof this generalist was more

omnivorous than previously anticipated.

Fruit-bearing trees from riverine forest abdlycoidesmarginal woodland were more important
in the diet of Meyer’s Parrot than pod-bearing trees fAwacia-Combretunmarginal woodlandT.
sericeasandveld, dry Mopane woodland, ahderiolobasandveld. This is likely a corollary of tracking
seasonal resource availability in these forest halyipest and is expected to be different elsewhere in
their distributional range. Combretaceae (€g.imberb¢ and Leguminosae (e.écacia erioloba
pods (are nonetheless considered to be an important foodraes@s these seeds are available
throughout the year and no other bird species were obséovéeed on them prior to dispersal.
Therefore, pre-dispersal inter-specific competition flois abundant, energy and protein-rich food
resource was limited. Leguminous pods are also an iaygdidod resource in most parrot communities
around the world, including sevef@ilonusparrots in Brazil (Galetti and Rodriquez 1992; Galetti 1993),
AmazonaandAra spp.in the Amazonian forest (Gilardi and Munn 1998), and Lilac-aexvParrots

Amazona finschin Central America (Renton 2001). All tReicephalugparrots studied thus far, except
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Cape Parrots; seasonally prefer Combretaceae and Legamipods over fleshy fruits in their diet
(Massa 1995; Boussekey al. 2002; Selmaret al. 2002; Wirminghaut al. 2002; Symes and Perrin
2003; Taylor and Perrin 2006). This is also likely a coroltdriracking seasonal resource availability

within their distributional range.

Tree species that occur sporadically in the diet of MgyRarrot can be separated into three
groups, including those consumed opportunistically dubeiog hidden in the understorey (e@.
edulisandGrewia spp), those consumed infrequently due to low resource albogeda the study areas
(e.g.T. prunoidesandC. mossambicengeand those likely under-sampled due to not samplingrigedi
activity at Mombo between February and July (eéPg.reclinatg H. petersianaand A. tortilis).

Elsewhere in their range, all of these tree specielkaig more important in their diet.

Although ripe seeds were more prevalent in the dietydvle Parrots showed a distinct
preference for unripe fruits frofd. mespiliformis K. africanaandD. lycoideswhen both food item
types were available, while only consuming unripe fratl @ods fromA. eriolobg H. petersianaC.
tomentosaandA. digitata Selman et al. (2002) observed this in the Rippell's Pdrovtever, the
ecological function of this is unclear. Likely reasonstfos preference are avoidance of inter-specific
competition (e.g. primates and large-bodied avian frugivormeference for soft seed kernels (i.e.

easier access and manipulation), and avoidance of funigalat in ripe fruits (e.gDiospyros spp.

Our study likely underestimated the importance of fruit palphie diet of Meyer’s Parrot, as
consumption was only recorded when seeds were ignored andpiripit was targeted (e.d5.
guineensg Fruit pulp is, however, a valuable resource for sugatamins and minerals (Klasing
1998), and thus significance to the physiological condition of Meyearrots in the wild cannot be

discounted.

Consumption of non-dietary materials (e.g. soil, barkydsaor wood) was observed during
comprehensive studies of the Grey-headed Parrot (Symesrréa R803), Black-cheeked Lovebird
(Warburton & Perrin 2005), Brown-headed Parrot (Taylor &rid 2006), and Rosy-faced Lovebird
(Ndithia & Perrin 2006; 2007). Consumption of bark and leavas wnly observed in fledgling
Meyer’s Parrots during the post-fledging period (Chapter@)is was likely a developmental stage as
consumption was irregular and these fledglings weredgiilendent on regurgitate from attendant adults
for subsistence. Selman et al. (2002) put forward thatfbarid in the crops of dead Ruppell's Parrot
chicks may have been ingested by adults whilst foragingpdéoing insects. Meyer’s Parrots were
observed to excavate dead wood, but never to consume woodyahatdoring Coleopteron larvae.
Selmaret al. (2002) also suggested that leaves, high in ash and carb@hyairdtiow in protein and fat,
may supplement the diet of Rippell’s Parrot when the fruitingg@ef numerous species is ending and
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preferred food items are less available. The lack ofuwropton of leaves by adult Meyer’s Parrots,
therefore, indicated that they did not experience a pesfoébod resource scarcity as severe as

Ruppell’'s Parrot.

Geophagy has only been observed in the Black-cheeked LovebindamAftsrey Parrot
Psittacus erithacysCape Parrot, and Red-faced Lovebird (Warburton andnP2005). The function
of intentional soil ingestion is unclear, however, the fdsdiiochemical benefits, including acquisition
of minerals and absorption of toxic plant compounds (Giland Munn 1998; Selmaret al. 2002),
may also be of important for Meyer’'s Parrot. Sevéoall items consumed by Meyer’'s Parrots are
reported to be poisonous (e.l§. Africana and Lonchocarpus capassaeeds) (Roodt 1998), and

therefore, the geophagy reported in the questionnaird bawee a functional purpose.

Dietary seasonality

Phenotypic changes in gut retention rate, digestive eftigi@amd hence feeding rate to accommodate
dietary switches between seed predation, frugivory andtimeey have been demonstrated in several
bird species (Levey and Karasov 1989; Levey and MartineRzeP001). There were three distinct
periods of diet switching in the food item calendar of May®arrots, including the wet season diet
(November—February), breeding season diet (March—June), @sorsediet (July—October) and

transitional diet between the dry and wet seasons (Qdéidbember).

The wet season diet began with the first rains in Noeembhen unripe seeds froia.
livingstonia fruits became available. From December or Januaryfabe@ niche breadth widens
considerably as more food items become available, peakikgich at the end of the wet season. The
wet season diet was dominated by ripe seeds frosyd@morusD. lycoides lycoidesB. discolor A.

nigrescenandG. livingstonia

The breeding season diet was characterized by a dstéoh to a predominantly insectivorous
diet in March during courtship and copulation (February—Mardrthropod consumption was linked
with the breeding season of Rippell’'s Parrot (Seletaal. 2002), but not the Brown-headed Parrot
(Taylor and Perrin 2006). Our study revealed a dietarychwip arthropod consumption far more
dramatic than previously recorded Roicephalusparrots. Selmaret al. (2002) put forward that
arthropod consumption likely provided additional protein necgdearchick growth, egg production
and supplementary metabolic water during the dry seasonisidrong males may also use insectivory
to improve muscle condition prior to the breeding season by camguRed Marula caterpillars and

energy-richS. birreafruit pulp in the early breeding season (March—April). @lthe arthropod larvae
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identified in our study during the breeding season were prdyian&nown in the diets dPoicephalus
parrots. The host tree species, however, occur in the ai®uppell’s Parrots, Brown-headed Parrots
and Grey-headed Parrots during their respective breedasprse Therefore, the use this source of

protein during the breeding season needs to be investigatedaeftieephalugarrots.

The dry season diet began when the parrots switched frored@minantly insectivorous diet
back to plant food items during the fledging and post-fledgimmpg.e Based on Bthere were distinct
periods of niche specialization at Vundumtiki (June—-Novembagd Mombo (August—September).
This coincided with the dry season (April-October) anesson of the annual flood (July—August)
during which food resource availability was lowest due lawvailability of fruits and flowers to
supplement the predation of ripe seeds fl@mmberbepods,K. africana fruits andG. coloesperma
pods. At Vundumtiki and Mombo this niche specialization pasarily due to the atypical fruiting of
D. mespiliformisin the dry season and the floweringkaf africanaandA. nigrescendefore the first
rains in November. This period of specialization was shat Mombo due to the added availability of
ripe seeds frombichrostachys cinereaAcacia sieberiana and Boscia albitrunaad unripe seeds from
Capparis tomentosand H. petersiana Pssilid beetles were consumed during the dry seasgn die
surely to supplement pod and flower predation at the end ofyrseason (Selmaet al. 2002). Black-
cheeked Lovebirds consume at least two species of Pgybieletles, and widespread opportunistic use
of psyllid nymphs by Australian parrots has also been decbr(Warburton and Perrin 2005).
Consumption of Psyllidae beetles and their exudates magnkancient practice in Psittaformes. The
most significant dietary switch over this period was tbatectar and pollen predation frdfnafricana
Adansonia digitataand A. nigrescendlowers. The dry season diet ended when unripe seeds fro

fleshy fruit became available in November.

The transition from the dry season diet was problematibahthere is lag time between first
rains and the availability of unripe fleshy fruits (eBg.discolorandD. lycoide$ and Leguminsae pods
(A. nigrescensand A. eriolobg. During this transitional period, Meyer's Parrotedeon the
pseudocarp, seeds and fig wasp larG@aatosolen arabicugHymenoptera,Agaonidag from F.
sycomorudigs. Figs were consumed infrequently and opportunigtithtoughout the year, however,
in this period of fruit and flower scarcity they accountedup to 38% of the diet at Vundumtiki and
Mombo. Large, productive fig trees were scarce in thaddmitiki study area (Chapter 3). This
indicated that, similar to the findings of Gautier-HiamdaMichaloud (1989), figs are only targeted
when necessary due to resource patchiness and scarcityng Mot year round availability of.
sycomorusit could be considered an auxiliary food item used only durergpgs of food resource

scarcity.

50



Chapter 2: Feeding ecology of Meyer’s Parrot

Dietary similarities and niche overlap with other Poicephalus parrots

There are distinct differences between food item prefesemt Poicephalusparrots within theP.
meyerisuperspecies complex. Brown-headed Parrots and Rippelitgsaave distinct distributional
ranges from the Meyer’s Parrot (Rowan 1983; Juniper and 12&8), and thus live in allopatry or
parapatry. Ruppell's Parrots share 13 tree species indieeiwith Meyer’s Parrot, including more of
the dry and marginal woodland tree species (&.griolobg A. hebecladaand Grewia flavg, while
Brown-headed Parrots share only ten tree species witleideParrot, including more of the riverine
and hardwood forest tree species (8.goirrea D. mespiliformisandF. sycomorups There are no food
items in common with the Red-bellied Parrot, even though lilied in sympatry, as Meyer’s Parrots
tended to forage in large trees in riverine forest hahithife Red-bellied parrots focused their foraging
effort in the open savanna with scattefeddigitata (Massa 1995; Juniper and Parr 1998). Meyer’'s
Parrots shared no food items with the Cape Parrot (\gjinaiuset al. 2002); however, they had six
food trees in common with the Grey-headed Parrot (Symes and P@d3) and the genefiospyros
Ficus, SyzigiumandTerminaliain common with the Yellow-faced Parrot (Boussekéwl. 2002). All

of the otherPoicephalugparrots are data deficient. Grey-headed Parrots liggripatry with Meyer’s
Parrots (Symes and Perrin 2003), yet they preferred the wegaks oParinari curatellifolia, Gmelina
arboreg andCommiphora molligSymes and Perrin 2003), all of which do not occur in the afiet

Meyer’s Parrots.

Significantly, the ability to sufficiently open the nutsoag of Schlerocarya birrea caffréruit
to access the oily seed kernels demonstrated that Meyera$have a bite force comparable to that of
Grey-headed Parrots which are 2.5 times larger (Symes amd P@03). This supports the hypothesis
that Meyer’s Parrots are opportunist generalist feedéhsumrestricted access to a wide range of food
resources. It is unlikely that Meyer’'s Parrots expesesmnificant niche overlap with any other

Poicephalugarrots or frugivorous bird species.

Arethere any keystone plant resources?

As an opportunistic generalist, the incidence of keystone pémaurces was unlikely; however, the
three ecological attributes put forward by Peres (2000) wereh®ess useful indicators of importance
in the diet of Meyer’'s ParrotKigelia africanahad the highest consumer specificity, followedDy
mespiliformis C. imberbeand Ficus sycomorus Of theseD. mespiliformishad the lowest temporal
redundancy due to atypical fruiting at the end of wint&esource reliability was high for all food

resources, whereby there was a significant correlation betve@efall and food resource availability.
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Our study demonstrated that the most important tree espeni their diet included (in order of
magnitude): K. africang D. mespiliformis C. imberbe F. sycomorus D. lycoides lycoidesC.
hereroensendB. discolor Although it is unlikely to be keystone to the ecological sucoésseyer’'s
Parrots in the study area, our study indicates Khatfricanais the most important tree species in the
diet of Meyer’s Parrot in the Okavango Delta. The cdllechbsence dD. mespiliformisK. Africang

C. imberbe andF. sycomorusould pose a threat to the status of Meyer’s Parrots iarea. This,
depending on the species composition of the different foedstal types, introduces the possibility of

“keystone habitat resources” that govern the distributional rahlykeyer’s Parrot (Chapter 3).

Conclusion

Results from our study represent the most comprehensiveataaes compiled on the feeding ecology
of Meyer’s Parrot or any other African parrot, andlddee used as a benchmark for future work on the
other P. meyerisubspecies and the three remaining data-defiBeitephalusparrots in the®. meyeri
superspecies complex. Three important points emerge frostuy: (a) Meyer’s Parrots are resource
tracking opportunistic generalist pre-dispersal seed predédo whom seeds from fleshy-fruits are
most important; (b) Meyer’'s Parrots are the smaRestephalugparrot with a bite force comparable to
the Grey-headed Parrot which is 2.5 times larger, thultddéiog unrestricted access to a wide suite of
food resources; and (c) The incidence of arthropod consumpttbe diet of Meyer’s Parrots is higher

than any othePoicephalugparrot.
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Chapter 3:

Habitat associations of Meyer’s Parrot (  Poicephalus
meyeri) in the Okavango Delta, Botswana *

ABSTRACT

Meyer’s Parrots Foicephalus meyeérihave the widest distributional range of any African g@arextending
throughout subtropical Africa. Here we investigated halisgbciations and niche metrics to better understand
this wide distribution and the maintenance of six subspewies such a vast area. Habitat preferences at the
population level over 24 months were inferred from monthagding activity in each identified forest habitat type
at two study sites in the Okavango Delta, Botswankevel forest habitat types were identified. An index of
relative resource abundance or productivity for all pecies represented in each forest habitat type was
calculated using results from 19 (300x20 m) forest habitat cems&elative resource abundance was, therefore,
estimated for 1439 trees from the multiple of diametéreast height and crown condition (i.e. the proportibn

the canopy capable of producing fruit). Strongest assmegatvere with established riverine forest galleried a
associated\cacia-Combretumvoodlands. A modified Hurlbert's expanded and standardized bieaglth index
demonstrated that Meyer’s Parrots were habitat speisifdetween August and January, foraging in riverine forest
communities almost exclusively. The predominance of ineeforest and associated dAgacia grasslands,
Miombo woodland (e.gBrachystegiawoodland), dry Mopane woodlands afmbretumbushlands likely
facilitates their wide distribution and the establishtrirsix sub-species along the Kavango and Zambezi basins,
Great Rift Valley system, and across the Nile Valteyards Lake Chad in the Sahel.

Keywords: Poicephalus, Okavango Delta, habitat associations, nichdthréAfrica, habitat description

MEYER' S PARROTS POICEPHALUS MEYERHAVE THE WIDEST DISTRIBUTIONAL RANGE OF ANYAFRICAN
PARROT, exceeding that of the African or Rose-ringed Paralesittacula kramedi and Red-faced

Lovebird Agapornis pullariup (Snow 1978, Juniper & Parr 1998). They are distributed throughout

! Formatted foBiotropica The Association for Tropical Biology and ConservatiBoyes, R.S. and Perrin, M.R.
(in review) Habitat associations of Meyer’s Pafroicephalus meyein the Okavango Delta, Botswana.
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subtropical Africa with strongest associations with dayanna woodland, riverine forest, secondary
growth around cultivation, and dry Acacia scrubland (Snow 19&8borton 1980; Forshaw 1989,
Juniper and Parr 1998). Meyer's Parrot is the smallesh@fPbicephalusparrots and forms a
superspecies with Rippell's Parftrueppellii Brown-headed Parr@t. cryptoxanthusSenegal Parrot
P. senegalusRed-bellied Parrot, and Niam-Niam Parkt crassus(Rowan 1983; Juniper and Parr
1998; Massa 2000). Six subspecies are recognizedPwitieyeri damarenssndP. m.transvaalensis
reported to overlap in the Okavango Delta, Botswana (WI®65, Rowan 1983). Here we study the
habitat associations of this analogous African parrot tt@ibenderstand the potential impacts of habitat

change on species survival.

Marsden (1999) cautioned that structural habitat charaatsr(€&.g. open and closed habitat)
could introduce bias when evaluating habitat preferencparodts, whereby flight activity surveys may
overestimate the importance of disturbed habitat, while estlerating the importance of pristine forest
habitat for conserving parrots. Boyes and Perrin (ChapteoyesB& Perrin in review a) found that the
probability of detecting a feeding parrot during road tretssevas over three times greater than
detecting socializing or resting parrots, and over fiveesingreater than detecting parrots in flight.
Meyer's Parrots are lingual feeders (i.e. vocalize invialuly during feeding) and most likely detected
during feeding activity (Homberger 1978). Therefore, we reférhabitat preferences from total
monthly feeding activity recorded in each forest habitpe ton road transects. Non-feeding Meyer’s
Parrots (e.g. roosting and socializing) and parrotsightflwere ignored in our study (Marsden &
Fielding 1999).

Degree of specialization in habitat use was evaluatied) asmodified Hurlbert's standardized
and expanded niche breadth indey (Biurlbert 1978, Renton 2001). Niche breadth is the variance i
resource use by a species, and can be estimated by mgater uniformity of the distribution of
conspecifics among resource states within the resourter@olwell & Futuyma 1971). Meyer’s
Parrot has the widest trophic niche of @Pgicephalusparrot studied thus far (Chapter 5: Boyes &
Perrin in review b). This generality in their food item prehces is facilitated by unrestricted,
exclusive access to seeds from Leguminosae pods Aeagia eriolobd and fleshy fruits (e.gS.
birrea), flowers, and arthropod larvae (Chapter 2: Boyes &ien review c). As opportunistic
generalists, there were no food resources considered keysttrartecological success (Chapter 2).
Our study tested the hypothesis that the Meyer's Pareohi&bitat generalist, thus facilitating its wide

distribution throughout subtropical Africa.

Selective removal of keystone plant resources may driystiealuce forest carrying capacity

for frugivores and seed predators (Gautier-Hion & Michalb®89, Levey 1990, Lambert and Marshall
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1991, Peres 2000, Long and Racey 2007). Boyes and Perrin (Chagmierfd@ward that the collective
absence obiospyros mespiliformjKigelia africana Combretum imberheandFicus sycomorusrees
could pose a threat to the ecological success of Mefarsot in the Okavango Delta. Therefore,
depending on species composition of different forest habitas,tyjpere may be keystone forest habitat
types that facilitate their distributional range and ecokligsticcess in comparison to other African

parrots.

Species-habitat associations are important in consemvatianning and management for
identifying the potential impacts of habitat change on isgesurvival (Brown & Stillman 1993,
Marsden & Fielding 1999). To this end numerous studies h@em undertaken on the habitat
associations of parrots (Bryant 1994, Gilardi & Munn 1998, WEms& Fielding 1999, Robinett al.
2003, Evanst al. 2005). However, no research, beyond anecdotal descriptions litethéure has
been done on the habitat associations of African parr@sirifet al. 2002). Habitat loss in forest
communities has been identified as a primary factor tianésg avian species survival (Collar al.
1994). Davidaet al. (2001) highlighted the value of keystone forest habitat tgpesthe requirement
to identify and protect these plant communities. Defatigst rates in African countries are twice that
of the rest of the world, whereby the continent loses 4vaillion hectares of forest every year (UNEP
2008). Recognizing this potential threat, we tested the ingdatte loss of each forest habitat type
utilized by Meyer’s Parrots on their monthly dietary inta&eorded over 24 months. We then related
these findings to their current distribution to evaluate thtergial threat of deforestation and habitat

loss due to climate change.

METHODS

STUDY SITES.— This study was undertaken in the Okavang@Dédiere Meyer’s Parrot is common
(Wirminghaus 1997) and there is an extensive wilderness aef&dm human impact or disturbance to
animal behaviour. The study was conducted at two sitasndumtiki Island located in the north-
eastern part of the delta CD®’'S, 2259'E; 995m asl), and Mombo Camp off the northern peninsula of
Chief’'s Island (1914'S, 2246’E; 963m asl) (Figure 1). The climate in the OkavangaeDsldistinctly
seasonal, comprising a wet season (November—March) ansedspn (April-October), with a mean
annual rainfall of 450-560mm is reported in the region (Ekrgl. 2000, Wolski & Savenije 2006).
Annual rainfall only exceeded the expected range in the Ocgflis—March 2006 wet season when
683mm was recorded. During the annual flood the area coveredtbr expands from its annual low
of 2500-4000 krh(February—March) (dark grey) to its annual high of 6000 — 12000 (Rogust—
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September) (light grey) (Figure 1). Arrival of thenual flood lags the rainy season by one or two
months after the end of the rains (Gumbriethal. 2004).

1 1 I I I I I
. Mohembo 22015‘ 22045‘ 23015‘

[

| iy
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Vundumtiki Island
Mombo Camp
—19°00’

—19°30’

l | il | I

Figure 1: Map of the Okavango Delta showing area of inuiedaduring flood season and location of Vundumtiki
and Mombo

HABITAT PREFERENCES.— Data collection was conducaéd/undumtiki from August 2004 to July
2005 and February 2007 to August 2007, and at Mdindmo August 2005 to January 2006.

At Vundumtiki: To standardize spatial distributioh Meyer’s Parrot feeding observations, the

total sample area was defined as the area 100mr aithe of the 26.2 km standardized road transect.
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The same observer and vehicle travelling at 15 — 20 km/h amtlopen top were used for all road

transects.

At Mombo: Due to time constraints and logistical difftees a standardized road transect was
not established, however, vehicle travelling speed, obsdrassect width, sampling frequency, and

transect distance (i.e. 26.2 km) were standardized tegime used at Vundumtiki.

Road transects were conducted five times a week on diffeleyrs from start to finish. A
systematic sampling strategy was used for the tempatalbdition of feeding observations, whereby
six daytime time periods were established (i.e. 06h00-08h30; O8H®®M;111h00-13h30; 13h30-
16h00; 16h00-18h30; and 18h30 to sunset) (Chapter 7). Road tsanseetconducted in all six time

periods before a specific time period was sampled again.

Habitat preferences were recorded using direct observatidhe field. All observations were
made with a 30x Kowa spotting scope at the maximum sighting déstanssible to minimize
disturbance of feeding behaviour. The following data wererdeco habitat type, tree species, foraging
height above ground, food item type, and number of feedintsbA feeding boutvas defined as an
individual within a flock, or solitary, feeding on a specibod item at a specific sighting. A food item
was defined as any plant food eaten by Meyer’s Parrots lbledcaiccording to tree species and food

item type. Food item typewere classified according to the part consumed and frustiage, and

included: ripe (r) and unripe (un) seeds from fruits or ptiagiers (f); pseudocarp and seeds of figs (p);
and fruit pulp from fleshy fruits (fr). Arthropod food itemgere classified according to the host tree
species and their family, and included: parasitic Hemagevae (h); parasitic Lepidoptera caterpillars

(1); and parasitic Coleopteran larvae (c).

HABITAT ASSESSMENT.— All fruit- and pod-bearing trees pdtally used by Meyer’s Parrot and all
representative forest habitat types at each study sreidentified between July 2003 and March 2004.
Fruiting phenology of all these tree species utilized by Meyearrot at both study sites was also
monitored by recording fruiting-flowering stage once a week aad transects. Tree nomenclature
followed Van Wyk and Van Wyk (1997) and Palgrave (2002), whiletagliescriptions followed
Ellery and Ellery (1997), Roodt (1998) and Elleryal. (2000). Due to logistical difficulties habitat

assessments were not undertaken at Mombo, and theteibriet niche breadth could not be estimated.

At Vundumtiki: Total habitat area of each forest hatbtype within the sample area was
estimated by measuring the distance along the road trdimsecorresponding to the different forest

habitat types up to 100m either side of the road. A ®dthd (300m x 20m) habitat line transects were
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established within the sample area (Bullock & Solis-Memes 1990, Chapmaet al. 1994, Renton
2001). Each habitat transects were mapped and transeandintained using a Garmin Quest GPS
(Garmin 2006). We used a stratified sampling design withiiclwthree resource abundance line
transects were dispersed in each forest habitat typebtiain a representative sample of resource
availability (Renton 2001). Due to homogeneity and high standitgeol Lonchocarpus nelsii
sandveld only one transect was done in this forest habjat tyDue to heterogeneity dfcacia-
Combretumwoodland, this forest habitat types was further strdtif@ includeAcacia-Combretum
woodland dominated byCombretum imberhe Combretum hereroensend Acacia nigrescens
Similarly, dry Mopane woodland was stratified to incluitg Mopane woodland dominated by trees
under 4m in height (i.e. scrub Mopane), above 4m in heightcétbhedral Mopane) and with multiple-
storeys. For the estimation of habitat-wide resouremddnce, a habitat conversion factor (HCF) was
calculated by dividing the total forest habitat area witiie sample area by the total area of resource

abundance line transects in each forest habitat type.

Chapmaret al. (1992) found that diameter at breast height (DBH) predictat iumber and
biomass the best. DBH was measured for all trees over bb0Onndiameter using a large caliper
(Renton 2001). We estimated the proportion of the crownthathealthy and potentially productive to
overcome variance due to poor canopy condition (e.g. finegal or elephant damage). Crown
condition (CC) was estimated using subjective visual assessama scored in increments of 0.2 from
0 — 1, whereby O represents a snag (i.e. dead tree) ancegamigra full healthy canopy. We recorded
tree species, DBH (cm) and CC (0-1) for all trees dmthtitransects. The observer was standardized
for all transects and once-off subjective measurementsndrimize repeatability and precision
(Chapmaret al. 1994). Therefore, we estimated the relative productivityesource abundance of a
specific tree (RA using the following index: RA= DBH*CC;. RA for all trees of the same species on
the three resource abundance transects in each hgp#atvere then summed to obtain transect-wide
relative resource abundance for each tree species \eitlcim forest habitat type (TW-RA TW-RA
was then multiplied by the HCF to obtain an index of hafiide relative resource abundance for each
tree species (HW-RA Total relative resource abundance of a specific $pexies (RRA was
estimated by summing all the HW-RAalues. Therefore, we estimated total relative ueso

abundance for each tree species using the following equation:

7
RRAi= 2

{ (DBHj X CCy) X HCF;
j=1 \k=

=1

Where: i represents each food item; j represents eactahalpe; and k represents each tree on the
habitat transects.
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HABITAT NICHE METRICS.— A modified Hurlbert’s standamid and expanded niche breadth index
(Bi) was used to estimate habitat niche fluctuations witténresource matrix (Hurlbert 1978, Renton

2001). Therefore, the following equation was used to calchétigat niche breadth:

1

)J [99199]

1

[
_|

N,
lzl 10000 x gy

A resource matrix is a table formed by using different ceting species as rows and resource states as
columns. Resource states are subdivisions within a heterogdmeutes considered individually (e.qg.
food item types) or grouped on the basis of similarity.(kabitat types) (Hurlbert 1978). We evaluated
monthly niche breadth fluctuations, and therefore, the resouatrix was modified to include different
months as rows and different forest habitat typesssurce states. Distribution within this species-
specific “temporal resource matrix” was measured as\timber of feeding bouts in a specific forest
habitat type in a specific month. Habitat-wide relatiesource abundance (HW-RAhould provide
adequate information on the ecological distinctness of resstaites (Colwell & Futuyma 1971), thus
allowing for the expansion (k = 10 000) of the temporal resousmeixn Forf;, a value close to 0
indicates habitat specialization, and a value tendirigitaicates broader habitat preferences (Hurlbert
1978).

POTENTIAL KEYSTONE HABITAT TYPES.— Forest habitat typehat, when removed from the
temporal resource matrix, had the most significant impacnonthly dietary intake of Meyer’'s Parrots
at Vundumtiki. To determine the potential loss in produgtigitresource abundance for a specific tree
species due to the removal of a specific forest habjfs, twe calculated the proportion of RRA
represented within each forest habitat type separaiélg.then multiplied the total number of feeding
bouts observed on a specific food item in a specific mbwytthis proportion to obtain the number of
feeding bouts lost due to the removal of that specificstdnabitat type. The output of this stimulation
was the total percentage loss to observed dietary inta&edadthe systematic removal of each forest

habitat type.

The significance of putative keystone forest habitat typésealiet of the Meyer's Parrot was
established using four intersecting ecological attributesgoutard by Peres (2000). These included:

(a) Temporal redundancy (defined in terms of the degreshioh food resource availability of a
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potential keystone forest habitat type synchronizes with dibresst habitat types); (b) Consumer
specificity (C9 (defined as an inverse function of the percentage tetalifig bouts over a defined
period); (c) Resource reliability (defined in terms of tapeatability of fruiting phenology in potential
keystone forest habitat types); and (d) Resource abundarfoeedda terms of the relative resource

abundance of a potential keystone forest habitat types).

DATA ANALYSES.— Mann-Whitney U-test was used to test 8ignificant differences in habitat
preferences over time and between study sites. Spearrmaai’'sorrelations were used to test for a
significant correlation between food resource availabdftydifferent forest habitat types. Statistical
analysis followed Quinn and Keough (2002) and Zar (1984).

RESULTS

RESOURCE ASSESSMENT.— The study sites were represantdtthe Okavango Delta system, as alll
habitat types outlined by Ellery and Ellery (1997), Roodt (1998) Ellery et al. (2000) were
represented at Vundumtiki and/or Mombo (Table 1). Habitagaics at Vundumtiki and Mombo were
significantly different. Mombo was dominated by riverineeki andAcacia-Combretuniree-lines
betweenPhoenix reclinatathickets on the floodplaingjyphaene petersianaoodlands on the saline
islands, and dry, nutrient-deficieAtcacia tortilis sandveld away from the water. Vundumtiki was
dominated by large stands Atacia-Combretumvoodland with established riverine forest galleries on
the islands and eithdronchocarpus nelsisandveld,Terminalia sericeasandveld or dry Mopane

woodland away from the water. Mombo and Vundumtiki wemraximately 35 kilometres apart.

At Vundumtiki, there were significant differences indst habitat structure, whereby riverine
forest andAcacia-Combretunwoodland had the highest number of tree species, canopy haight,
mean DBH (Table 1). Total sample area at Vundumtiki 5&&ha, of which 384ha was forest habitat

and 141ha was floodplains, seasonal pans, and seasonallyefpadsiand.

Fruiting phenology was distinctly seasonal, whereby food ressusere mostly available in
riverine forest during summer (October to March) andédacia-Combretunwoodland during winter
(March to September) (Figure 2)Acacia-Combretunwoodland had the highest HW-R#alue and
accounted for over 42% of total relative resource abundanteeisample area, followed by riverine
forest (23%)L. nelsiisandveld (14%) and dry Mopane woodland (13%) (Figure 3; Table 2).
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FIGURE 2. Total number of food item available to Meyer’s Parrots in eacbst habitat type over 24 months at
Vundumtiki and Mombo. Acronyms in Table 1.
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FIGURE 3. Total resource abundancBRA, x 10°) and total forest habitat area within sample area (ha) in the
Vundumtiki study areaAcronyms in Table 1.
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TABLE 2. Total relative resource abundance ( RRsfd food item types for each tree species in

each forest habitat type at Vundumtiki. Acronyms in Tableobd item types: r = ripe

seed; un = unripe seed; fr = fruit pulp; p = pseudocarp and seefigsfand | =

arthropod larvae or products (e.g. exudates).

FAMILY /Species

Food item
type

Habitat Types

RF ACW DLW MW TSS LNS AES

ANACARDIACEAE
Sclerocarya birrea
APOCYNACEAE
Carissa edulis
BIGNONIACEAE
Kigelia africana
BOMBACEAE
Adasonia digitata
CAESALPINIACEAE
Guibourtia coleosperma
CLUSIACEAE

Garcinia livingstonia
COMBRETACEAE
Combretum hereroense
Combretum imberbe
Combretum mossambicense
Terminalia sericea
EBENACEAE
Diospyros mespiliformis
Diospyros lycoides
EUPHORBIACEAE
Croton megalobotrys
LEGUMINOSAE
Acacia erioloba

Acacia hebeclada
Acacia nigrescens
Acacia tortilis

Burkea africana
Colophospermum mopane
Lonchocarpus capassa
Lonchocarpus nelsii
MORACEAE

Ficus burkei (thonningii)
Ficus sycamorus
RHAMNACEAE
Berchemia discolor
Ziziphus mucronata

r, fr, i

p, fr, i
p, fr, i

r, un, fr
r, un, fr

51 49

100

100

100

96 4

74
63 37

96 4

89 2 9

50 48 2

100

100

53 47
100

96 4
100
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Chapter 3: Habitat associations of Meyer’s Parrot

HABITAT PREFERENCES.— Habitat preferences were didyrsxasonal at Mombo and Vundumtiki,
whereby 72—-89% of feeding bouts were observed in riverine foetateen August and November at
Vundumtiki and Mombo, after which activity extended ioacia-Combretummarginal woodland,
Terminalia sericeasandveld and dry Mopane woodland (Table 3). Consumer sjtgoifas highest in
riverine forest andAcacia-Combretumwoodland (Table 3). There was no significant difference
between recorded habitat preferences between VundumtikiMamibo over the period August to
January (Mann-Whitney U-test: U = 59.0, Z = -0.098, p = 0.9ZPhere was also no significant
difference between habitat preferences at Vundumtiki in 20052@6d (Mann-Whitney U-test: U =
56.0, Z = 0.295, p = 0.768).

Over 70% (n = 3571) of all feeding bouts was over 20 m above theadymouhe high canopy.
Only 8% (n = 422) of all feeding activity was between 10-20bwva the ground. Feeding activity
below 10 m was only observed between December and Jubyraot for 21% (n = 1055) of total
feeding bouts (Figure 4).

1200 -
1000 -
800 -
600 -
400 -

200 -

N

05 5 10 10_15 15_20 20 25 25_
HEIGHT ABOVE GROUND

TOTAL NUMBER OF FEEDING BOUTS

FIGURE 4. Total number of feeding bouts observed in the different foraging beitggses at
Vundumtiki and Mombo over 24 months
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Chapter 3: Habitat associations of Meyer’s Parrot

HABITAT NICHE METRICS.— There were two distinct peds of habitat niche metrics, whereby there
was a period of niche specialization between Augusi December (i.€3 remained below 0.5)
followed by a period of more general habitat usevben February and July during the primary

breeding season (Figure 5).

The results of the simulated removal of all fordgtabitat types at Vundumtiki are presented in
Table 4.

1.0 ~

Generalist

Generalist
0.9 - 0.9

0.8 -
0.7 -
0.6 -

0.5 -
0.4 -
0.3 -
0.2 -

0.1 4 Specialist 0.1 - Specialist
O-O T T T T T T T T T T T 1 0.0 T T T T T 1
F PP FFE L L O H PP Q&
N N N (A & QO L & \\' a4 &
@’b ?Q @'b 5\) N QQ; ®® vQ @’b 5\3 D)

MONTH-YEAR MONTH-YEAR

FIGURE 5. ModifiedHurlbert’s standardized and expanded niche breaitlex for habitat preferences at
Vundumtiki. Where: 0 = perfect specialist utilizioge food resource; and 1 = perfect generalist withpre-
determined food item preferences (i.e. utilize$amltl resources according to their abundance).
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Chapter 3: Habitat associations of Meyer’s Parrot

DISCUSSION

HABITAT ASSOCIATIONS.- Our study demonstrated strongpaggions at the population level
between Meyer’s Parrots and established riverine foedigrigs anddcacia-Combretumvoodlands
(especially those dominated by Combretaceae treesP. Alkeyerisubspecies studied thus far prefer
broad-leaved, fleshy fruit-bearing riverine forest commusitiering summer, followed by a preference
for associated pod-bearing dry savanna woodland communige<@nbretaceae and Leguminsae
trees) during winter (Tarboton 1980; Rowan 1983; Forshaw 198MmiWjhaus 1997; Juniper & Parr
1998; Wilkinson 1998). Tarboton (1980) noted tRatneyeri transvaalensgeferred broad-leafed
woodlands dominated Burkea africanaOchna pulchraandTerminalia sericeaver microphyllous
woodlands dominated bAcaciaspp in the Limpopo Province, South Africa. Rowan (1983) and
Wirminghaus (1997) reported that meyeri damarensjwreferred either riverine forest communities
along watercourses and/or associated dry woodland habistswhere in their rangd>. meyeri
meyeriprefers riparian communities associated WigmarindusandAdansoniaalong river valleysp.
meyeri reichnowprefers dryTerminalia laxifloraandlsoberlinia dokawvoodlandsP. meyeri matschiei
prefers riverine forest (e.&yzigium-Adinavoodlands) and Miombo woodland (eByachystegia
woodland); andP. meyeri saturatupreferCombretunbushlands andcaciagrassland (Juniper & Parr
1998; Wilkinson 1998). Therefore, preference for riverine faed associated dry subtropical
hardwood woodlands (e.g. dry Acacia savanna and Miombo aodsl are central to their

biogeography (selenplications for biogeography

Meyer’s Parrots also demonstrated a distinct preferencedidi-storey habitat structure (i.e.
riverine forest, dry Mopane woodland amtacia-Combretumwoodland), thus foraging almost
exclusively in the high canopy above 20m, only venturing below 5-I0feetl orD. lycoides lycoides
fruits between December and February. This preferencéd de as a result of anti-predatory
behaviour, avoidance of inter-specific competition (e.gacna babooapio ursinuy and/or visual
assessment of food resource availability in the high cafapy the air (Chapter 4). All habitat
associations noted by other authors can be explained byr#ierence for tall trees and high canopy.
This relationship, however, is considered primarily duééointerrelationship of food item preferences,
roosting behaviour (Chapter 8: Boyes & Perrin in revievanyl social considerations (e.g. avoidance of

predation risk and inter-specific competition).

Monthly habitat preferences were likely a function of fooduese tracking by an opportunistic
generalist feeder (Chapter 4), whereby Meyer’s Parrots n@tkeal use of a wide variety of preferred
food resources that seasonally become available in treradiffforest habitat types. Therefore, there

was an innate bias in our study for habitat associatizetssupport feeding requirements. Seasonal
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preference for riverine forest could, therefore, beggreated by the atypical fruiting @iospyros
mespiliformisat the end of winter and high availability kigelia africanaflowers in September, which
displace feeding activity from Combretaceae and Leguminosd® ipassociatedcacia-Combretum
woodland andl. sericea sandveldommunities to riverine forest (Chapter 2). As a funcbérfiood
resource tracking, habitat preferences were likely deperaentlative food resource abundance and
resultant probability of encountering or locating that feeslource within the habitat mosaic (Chapter
4). Acacia-Combretumwvoodland, however, had relative food resource abundance twicef tinzerine
forest and occupied an area of over three times thatesfne forest, thus indicating the functioning of
food item and habitat preference systems beyond a geneoabginig model that targets the most
abundant food resources. Potential factors contributinge@emonstrated preferences likely include
bi-coloured fruit displays in the high canopy (Chapter 4), istdtrey habitat structure, and breeding
seasonality (Chapter 9).

The habitat mosaics, rainfall and flood regime wereiagmtly different at Vundumtiki and
Mombo, whereby these study sites only shared four ouegterlforest habitat types, rainfall recorded
at Mombo was almost double that at Vundumtiki, and flocasceality was a month earlier and
significantly higher at Mombo (Chapter 2)Acacia tortilis at Mombo replace€olophospermum
mopaneandLonchocarpus nelsiat Vundumtiki, and there were nine food items consumed éxelys
at Vundumtiki and seven at Mombo (Chapter 2). Sighting frecu@nd mean group size were also
significantly higher at Mombo (Chapter 7; Chapter 8). Tlessfwe expected habitat preferences to be
significantly different. There were, however, no sig@ifit differences in habitat preferences at
Vundumtiki and Mombo or between 2005 and 2007, demonstratindvidnger's Parrots have a high
tenacity for riverine forest anficacia-Combretunmarginal woodland. This supports the assumptions
of behavioural coherence within a species, whereby prefeseof individuals within a species are
consistent across context (Schuck-Paim & Kacelnik 2002).yeNte Parrots are also dependent on
riverine forest,Acacia-Combretunwoodland and dry Mopane woodland for nest cavities within the
habitat mosaic (Chapter 10: Boyes and Perrin in revievdf)r study, therefore, indicates that Meyer’s
Parrot habitat associations are the product of a pre-deffialeitat preference system governed by food
item preferences, nesting requirements and visual cuestfremair. Habitat associations recorded
during our study likely extend to Meyer’s Parrots in other pairtee Okavango Delta, and possibly to

otherP. m. damarensiandP. m. transvaalensigopulations.

KEYSTONE HABITAT RESOURCES.- According to the modified Hherts’ expanded and

standardized niche breadth index, Meyer's Parrots were hapecialists between August and
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December, after which preferences became more genegrdbdncreased foraging effort Th sericea
sandveld and dry Mopane woodland during the breeding season wdsfeepting for arthropod larvae
incubating inside Combreatceae and Leguminosae pods (ChapBmy& & Perrin in review g).
Riverine forest was the only habitat type with; @8lues consistently above 0.5 and seasonally over
0.75, thus indicating specialist habitat preferences. s@uoer specificity alone is not an indicator of a
keystone habitat type, as high resource redundancy, ancesmurce reliability and abundance could
undermine this relationship, especially in the case of arfesolirce generalist such as Meyer’s Parrot.
Resource abundance was demonstrated to be significantly higheéverine forest andAcacia-
Combretumwoodland, and due to no significant difference in habitafepeaces between 2005 and
2007 the impact of resource reliability was insignificant. eValuate resource redundancy we assessed
the feasibility of Meyer’'s Parrot subsisting exclusively food resources in less significant forest
habitat types (e.gT. sericeasandveld) than riverine forest addacia-Combretunwoodland. The
majority of the relative resource abundanceDadspyros lycoides lycoide&. nelsii Acacia tortilis
Acacia erioloba Burkea africana Terminalia sericeaand Guibourtia coleopsermavas distributed
outside of riverine forest amficacia-Combretunwoodland communities. However, orly lycoides
and T. sericeaaccounted for more than 5% of total feeding activity &ad resource abundance
comparable to other important food resources (.@fricang. Both of these food resources, however,
were only available for three months of the year, whileraljor food resources (e.G.. imberbeK.
africana and D. mespiliformi$ were found within riverine forest anicacia-Combretunwoodland.
There appear to be no forest habitat types, other thaimevierest andicacia-Combretunwoodland
that can sustain the significant Meyer’s Parrots populatiothe Okavango Delta. The simulated
removal of riverine forest anficacia-Combretumvoodland from the habitat mosaic resulted in an 88 —
100% reduction in recorded dietary intake between August andribeceand a 47—74% reduction for
the rest of the year (Table 4). In the Okavango Delia liitely these forest habitat types are pivotal in
the ecological success of Meyer's Parrots, however, whethaptoeither of these habitat types is
keystone to the persistence of Meyer’s Parrots in a spacéa requires further study in an area that has

been disturbed by conversion of land to agriculture or dgtfatien.

The period August to November when Meyer’'s Parrots aerinie forest specialists is the
driest part of the year, thus making dry savanna woodlaggis productive, while riverine forest
communities along channels and floodplains remained productiee talufloodwater and high
groundwater. Meyer's Parrots maintain this speciahabitat association until January when
Leguminosae and Combretaceae seeds become available gadsNRarrots undergo a dietary switch
to facultative insectivory prior to the breeding season [(@&ne2; Chapter 9). Therefore, it is feasible
that Meyer's Parrots specialize in riverine forest comiies during periods of resource scarcity in
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associated dry savanna woodlands, and thus riverine fooesthunities could be considered more

important tharAcacia-Combreturvoodlands.

Boyes and Perrin (Chapter 9) found that over 70% of nesiesauitilized by Meyer’s Parrots
and all of nest cavities that achieved fledging were locatédtacia-Combretunmarginal woodland
and riverine forest. All primary roost sites were alscated in these two habitat types (Chapter 8).
Therefore, riverine forest anticacia-Combretunwoodland are also important to the breeding effort,
thus reinforcing the supposition that Meyer’'s Parrots lshbe considered to be habitat specialists,
dependent, in the Okavango Delta, on these two habitat tygederstanding the distribution of river
systems and associated tropical dry forest (€gmbretumbushland andAcacia shrubland) in
subtropical Africa is thus central to the biogeography oMbkeger’'s Parrot and associatBdicephalus

parrots.

IMPLICATIONS FOR BIOGEOGRAPHY.— Speciation of theseettPoicephalusparrots and other
forest specialists (e.g. woodpeckers) can be explaingdeblyypothesis of forest refugia (Diamond &
Hamilton 1980; Crowe & Crowe 1982). It is likely that durirlignatic vicissitudes Meyer’s Parrots
remained in river valleys, Brown-headed Parrots in ebdetest refugia, and Ruppell’s Parrots in a

forest refuge in southern Angola identified by Crowe anoinv@r(1982).

As dietary generalists, with a considerable bite fordeaffer 2) and a demonstrated ability to
switch to a predominantly insectivorous diet, the Meyersr&® may be able to adjust to drastic
changes in habitat composition for a short period of.tithés more likely, however, that such drastic
changes would result in seasonal migrations in seaircluitable habitat and departure from the area
within a few seasons. This was observed in the NortRsowince, South Africa, due to deforestation,

persecution as a crop pest and conversion of land to agre@®owan 1983).

The distributional ranges of Meyer’'s Parrots, Brown-hedemdots and Rippell’'s Parrots all
correspond with the recognized distribution of savanna amicélodry forest IUCN/SSC first-level
habitat types in Africa (Magin & Chape 2004). Ruppell'srBahas 13 tree species represented in its
diet that correspond with the Meyer’s parrot, including enof the dry and marginal woodland tree
species (e.gA. eriolobg A. hebecladaandGrewia flavg (Selman 2002). Whereas, the Brown-headed
Parrot had ten tree species in common with the MeyefsoE including more of the riverine and
hardwood forest tree species (gbirreg D. mespiliformisandF. sycomorug This is reflected in the
distributional ranges of these species, where Brown-headeot$are restricted to the moist coastal

and lowveld regions (Rowan 1983; Taylor 2002) and Ruppell's Parretglistributed in the dry
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woodland and thornveld of northern Namibia and south-westernl@iigoniper & Parr 1998; Selman
et al. 2002). The preference of Meyer’s Parrots for riverinedoandAcacia-Combreturmvoodland is
supported by their distribution in the Okavango Delta, Liny&wamps, throughout the Kavango
Basin, down the Zambezi valley, up along the Rift Vallgstem in associations with the great lakes,
through the Upper Nile and the Sudd, and west as far as Cakd through the Sahel. Any range
reduction up until recently has been the result of defdrestée.g. Zambia) or higher aridity (e.g. Lake
Chad) (Chapter 12: Boyes and Perrin in review h). Rivdionest communities along river systems
within this habitat mosaic likely functions as naturadriservation corridors” facilitating gene flow and
wandering during periods of resource scarcity. It is, fbeee likely this affinity for riverine forest
habitat has facilitated the wide distribution of Meyer’sr&s in comparison with othdPoicephalus
parrots. In addition, it is also likely that Meyer's Rérmetapopulation, represented by the six
subspecies are centered around watercourses, as can loetbeedistribution oP. m. meyerandP. m.
saturatusaround the Sudd swamps (Sudan) and catchments in Udganda, matscheand P. m.
reichnowiaround Lake Victoria, Lake Tanganyika and Lake Malawi, Rnth. damarensiandP. m.

transvaalensislong the Zambezi and Chobe valleys and within the KavaagmBChapter 12).

IMPLICATIONS FOR CONSERVATION BIOLOGY.— Deforestati rates in African countries are
twice that of the rest of the world, whereby the contineses over 4 million hectares of forest cover
every year (UNEP 2008). Logging, land conversion to agriculturesettiément, wildfires, cutting of
firewood and charcoal, and civil unrest are the primaryesaa$ African deforestation (Kelatwang and
Garzuglia 2006). All of these are primarily driven by populatioowth, poverty and climate change
(UNEP 2008). As a result twelve out of the eighteen MeyResot range states have undergone
drastic loss of forest cover (UNEP 2008). Meyer’'s Pamogscavity-nesting, forest habitat specialists
in the Okavango Delta, and are likely dependent on similagmidth riverine forest and dry savanna
or subtropical hardwood forest (eRyachystegiavoodland, Mopane woodland aAdacia-Combretum
woodland) throughout their range. Due to their reliance orettoeest communities for food resources,
roosting sites and nest cavities, Meyer’s Parrot are uplikepersist in an area where these forest
habitat types have been degraded. The affiliation betweepem®d Parrots and riverine forest
communities is likely strong enough for us to infer populatiociioe and range reduction due loss of

these pivotal forest communities from the habitat mosaic.

Elephant damage, fires set by hunters and fishermad, ircreased water consumption
upstream due to agricultural developments in Angola and Naraieighe primary threats to forest

communities in the Okavango Delta. Mosugetoal. (2002) found that due to African Elephant
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Loxodonta africanalamage coverage éfcacia-Combretumvoodland, riverine forest and dry Mopane
woodland communities in the Chobe National Park decreased @@8mto 30% between 1962 and
1998, while shrubland vegetation increased from 5% to 33% overathe period. Riverine forest
characterized b¥p. mespiliformiswas found to gradually retreat from the riverfront (Mypslo et al,
2002), whereby what was a continuous area along the ChobeiRi¥862 was only represented by
fragments in 1998. Herremans (1995) put forward that evenaticaregetation changes in which
elephants were involved are not necessarily irreparablegical conditions, but rather part of a long-
term vegetation oscillation between woodland and grassthod, supporting species diversity on an
extended time scale. Current range conditions for eleplaws restricted their movements and
eliminated opportunity for emigration, resulting in logabpulation densities detrimental to the
concurrent phase of vegetation. The continued increasepdiant populations in northern Botswana at
between 3—-7% annually resulted in a population of over 123 000 in 20@3d& Griffin 2003).
Findings from this study indicate that continued elepharmade to riverine forest anficacia-
Combretummarginal woodland communities will likely have an effectroasting behaviour (Chapter
8), local movements (Chapter 2; Chapter 7), breeding biology (&h8pt and feeding behaviour
(Chapter 2) of Meyer’'s Parrots. Meyer’s Parrots gkelyli to benefit from elephant disturbance at
“natural” or even moderately-elevated levels due tord@selltant increase in nest cavity availability,
however, as soon as forest gaps begin to evolve and fonestust begins to change, then Meyer’s
Parrots are expected to be detrimentally affected Isydibturbance. At present levels, Meyer’s Parrots
are likely being adversely affected by elephant disturbanGobe, but likely are benefiting from this

disturbance in the Okavango Delta (Chapter 10).

FURTHER RESEARCH.— Further research is requirecherhibitat associations of other Poicephalus
parrots to better understand their distributional ranges alnénability to habitat loss. In addition, the
ability of Meyer’s Parrots to persist in a recentlgtdibed habitat mosaic needs to be evaluated in order
to calibrate threats due to deforestation and forestagement policies (e.g. sustainable removal of

large hardwoods from subtropical forests may have an impaypefid Parrot populations)
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Chapter 4.

Temporal food resource abundance tracking
by Meyer’s Parrot Poicephalus meyeri in the
Okavango Delta, Botswana'

Meyer’s ParrotsPoicephalus meyeri were found to track temporal food resource abundancelof al
significant food resources in their diet. Feeding agtioh food resources available throughout the year
(e.g. ripeKigelia africana fruit) or not visible from the air (e.g. unrig#iospryos lycoides lycoides fruit),
however, did not correlate significantly with temporfabd resource abundance fluctuations. We
monitored feeding activity 100m either side of a 26.2 km staiimat road transect over 18 months in the
Okavango Delta, Botswana. An index of relative resouraen@dnce (RRA was derived from the
diameter at breast height and visual assessment ofdfrifibwer production. We estimated relative
resource abundance using 19 (300 x 20 m) line transecifiesiratcording to seven forest habitat types.
Using diameter at breast height and a subjective fruitymtovity index, RRAiI was estimated once a month
to measure temporal resource abundance fluctuationsrf@latmn with total monthly feeding activity on
specific food resources. Tracking resource abundance oftiod visible from the air at landscape scale
indicates that minimization of foraging flight distancenhaximize net gain per unit foraging time is an
important consideration in optimal foraging theory. Aehabitat assessment, prior knowledge of food
resources distribution and lingual feeding (i.e. constamtializations during feeding) likely facilitate

habitat-wide food resource abundance tracking over time.

Little is known about the relationship between African paraotd food resources (Perenal. 2002),
however, it may be predicted that seed predators suchrasspaack food resource availability to exploit
temporal and spatial fluctuations in fruit, pod and floweydpiction (Gautier-Hion & Michaloud 1989;
Galetti 1993, Renton 2001, Robirettal. 2003). Based on dietary studies of African parrots innlek

there is clear evidence that all four continental genek tresource availability within specialist or

! Formatted foilbis — International Journal of Avian Science, British Qralbgists’ Union, Edward Grey Institute,
Department of Zoology, University of Oxford: Boyes, RaBd Perrin, M.R. (in press). Food resource abundance
tracking by Meyer’s Parrdeoicephalus meyeri in the Okavango Delta, Botswarhis.
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generalist food item preference systems (Wirmingleha. 2001, Selmarmet al. 2002, Symes & Perrin
2003; Warburton & Perrin 2005; Taylor & Perrin 2006; NditkiaP&rrin 2007; Chapter 2: Boyes &

Perrin in review a).

Presence of African Grey ParrotBsittacus erithacus in Kanyawara, western Uganda,
corresponded closely with the fruiting period deudospondias microcarpa (Chapmanet al. 1993).
Similarly, Grey-headed Parrofoicephalus fuscicollis suahelicus were attracted to areas with a high
abundance dParinari curatellifolia, thus seeming to track availability of this preferredd item(Symes
& Perrin 2003). Cape ParroPoicephalus robustus are specialist feeders that consume different food
items at different times of the year, suggesting that tteeck changes in food availability (Koen 1992;
Wirminghauset al. 2001). Ruppell’'s Parrotoicephalus rueppellii, Brown-headed Parrooicephal us
cryptoxanthus and Meyer’'s Parrot®oicephalus meyeri, however, have distinctly seasonal diets that
function within a generalist food item preference systegini@net al. 2002, Taylor & Perrin 2006;
Chapter 2), and therefore, likely to track seasonailabiity within a wide range of food items. Our
study tested the hypothesis that Meyer's Parrots amn@s abundance tracking pre-dispersal seed
predators that make dietary choices according to the prdabfliencountering edible seeds of a

particular food species within a generalist food item pegige system.

Meyer’s ParrotdPoicephalus meyeri have the widest distributional range of afyican parrot,
exceeding that of the Rose-ringed Parakesttacula krameri and Red-faced Lovebirdgapornis
pullarius (Snow 1978, Juniper & Parr 1998). They also have the widestdroiie of anyPoicephalus
parrot studied thus far (Chapter 5: Boyes & Perrin in relogwThis opportunistic generalist food item
preference system is facilitated by unrestricted,lusiee access to seeds from woody pods (e.g.
Leguminosae and Combretaceae pods) and fleshy fruit$S¢hlg.ocarya birrea), flowers, and arthropod
larvae (Chapter 2). As opportunistic generalists, theseewno food resources considered keystone to
their ecological success (Chapter 2). The most importe@tsipecies in their diet included (in order of
magnitude): Kigelia africana, Diospyros mespiliformis, Combretum imberbe, Ficus sycomorus,

Diospyros lycoides lycoides, Combretum hereroense andBerchemia discolor (Chapter 2).

Optimal foraging theory predicts that foragers should pnefey that yields higher net energy
gain per unit foraging time (Rakotomanana & Hino 1998,&hristensen 2001). Therefore, food item
preferences are presumably dependent on behaviour, morphalbgytritional requirements, in relation
to fruiting and flowering phenology, distribution and tempordailability, and fruit characteristics such
as size, hardness, taste, colour and nutritional V@hteeelwright 1985). For a particular species at a
specific point in time and space, food item preferencesldghbus be governed by resource abundance

and fruit characteristics.
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Most studies of the food item preferences of frugivores aretl predators focus on fruit
characteristics, including taste (Sorensen 1983), nutiticalue (Johnsoe al. 1985), colour (Willsoret
al. 1990), seed clutch size (Hegdeal. 1991), hardness (Dumont 1999), and fruit size (Mellal.
2005). Our study inferred the influence of structural fohiéracteristics (e.g. hardness, size and seed
clutch size) from the mean rate of protein and energy adquisitiring feeding based on handling time
and nutritional value of a specific food resource. Quu\stested the hypothesis that, due to unrestricted
access to most food resources (Chapter 2) and the highafdditght (Chapter 7: Boyes & Perrin in
review c), structural fruit characteristics (e.g.dmass and difficulty to open) are insignificant in the food
item preference system of Meyer's Parrot. The impoeaof bi-coloured displays as beacons was,

however, investigated further.

Fruits with bi-coloured displays (i.e. the fruit or parttoé fruit is one colour (e.g. red or yellow)
and the adjacent structure (e.g. leaf or peduncleg@ntrasting colour (e.g. green)) are typically eaten b
birds (Wheelwright & Janson 1985; Willson & Whelan 1990; Wenny 2003in&$i2005). Birds have
very high visual acuity and well-developed colour vision (Arreidal. 2008) and probably use colour to
locate fruit (Wheelwright & Janson 1985) and measure fuility (Greg-Smith 1986; Wenny 2003).
The contrast hypothesis predicts that frugivores séeittcolours according to the degree to which they
contrast with their background (Arrugt al. 2008). For example, red fruit has a higher removal rate
when displayed against background foliage (Burns & Dalen 2002nifitet al. 2004). Our study
classified fruit colours according to a fruit colour wheekrived from the Crystal Real Color Wheel
developed by Jusko (2008). Here we evaluated the importinbecoloured fruit displays in the

location of food resources by Meyer’'s Parrots.

Most studies of tropical fruiting phenology report seasonadispecially in forests with distinct
wet and dry seasons (Bullock & Solis-Magallanes 1990, p@haet al. 1992, Chapmaret al. 1994,
Murali & Sukumar 1994, Renton 2001, Wirminghasisal. 2001, Komoneret al. 2004). All plants
compete for effective dispersal of their seeds, andgboe fruit-bearing plants compete for predation by
birds, while most pod-bearing plants typically avoid aviani@tien and focus on other forms of dispersal
(e.g. wind-blown and epizoochory) (Snow 1965). This often prodsteegered fruiting seasons that
provide a year-round food resource to frugivores and seed predagmther with effective dispersal for
the widest range of plant species (Stutchbury & Morton 2001; Wgtmauset al. 2001). We estimated
food resource abundance fluctuations at landscape levebifiglation with observed feeding activity of
Meyer's Parrots at population level. Our study, therefestet the hypothesis that Meyer’s Parrots track

food resource abundance of each significant tree spedissiridiet.
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METHODS

Study area

The Okavango Delta was chosen as the study sit@ubecof its significant Meyer’s Parrot population
(Wirminghaus 1997). The study was conducted at Vundumtiki Island lodate the junction of the
Maunachira and Kiankiandavu channels in the noastezn part of the alluvial fan ('S, 2259’E;
995m asl) (Figure 1).

[ | | | 1 I I |
LMohembo ~ 22°15’ 22045 23915’

* -

0 20 40 60 80  100km
—18°30’

Vundumtiki Island

—19°00’

—19°30’

Figure 1. Map of the Okavango Delta showing area of inuodaduring flood season and location of Vundumtiki
and Mombo

88



Chapter 4: Resource abundance tracking by Meyer’s Parrot

Seven primary habitat types were identified for the Vundarstudy area (Chapter 3: Boyes &
Perrin in reviewa), including: Riverine forest (dominated iospyros mespiliformis, Garcinia
livingstonia, Berchemia discolor, Ficus sycamorus andKigelia africana); Acacia nigrescens-Combretum
marginal woodland (dominated b4 nigrescens, Combretum imberbe and C. hereroense); Mopane
woodland (dominated byolophospermum mopane); Diospyros lycoides marginal woodland (almost
homogenousDiospyros lycoides); Lonchocarpus nelsii sandveld (almost homogenousnchocarpus
nelsii); Acacia erioloba sandveld (dominated bscacia erioloba); and Terminalia sericea sandveld
(dominated byT. sericea, T. prunoides andL. nelsii). Habitat descriptions followed Ellery and Ellery
(1997), Roodt (1998) and Ellegyal. (2000).

Climatic conditions

Climatic conditions in the Okavango Delta are distincdgsonal, comprising a wet season (November-
March) and dry season (April-October). Mean annuafathis 450-560mm (Ellergt al. 2003; Wolski
and Savenije 2006). During the annual flood the area coveredtby exgands from its annual low of
2500-4000kmin February-March to its annual high of 6000-1200bkmAugust—September. Arrival
of the annual flood lags the rainy season and follows one omimvisths after the end of rainfall in the
region (Gumbrichgt al. 2001; Elleryet al. 2003).

Rainfall was monitored daily using a rain gauge astbdy site over the entire study period. The
extent and timing of the annual flood was monitored using fete data from Mohembo and calibrated
to the study sites by recording first significant incremenwater level on a measuring pole in permanent

water as the start of the flood at that study site.

Fruit characteristics

Fruit size and colour were recorded for all food itemdh@ diet of Meyer’'s Parrot during feeding

observations using a sample of 20 fruits, pods or flowetiespeé-ruit colour was classified according to
a fruit colour wheel adapted from the Crystal Real Coltve® developed by Jusko (2008). The colour
spectrum from green to magenta was included in the asialylsereby green was given a value of 0 and
magenta a value of 180 (Figure 2). White, blue, purple and rtizagene given the value of 180 due to
being the most contrasting to green. This system, treremeasured the degree to which a fruit
contrasts with green and the significance of the bi-cal@play. Each of the food items were matched

to its corresponding colour on the fruit colour wheel and scapeordingly. These colour scores were
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then multiplied by the total feeding bouts over 12 monthgdoh food item to determine the mean colour

score from the relative frequency of colour preferencddidyer’s Parrots at the population level.

The impact of fruit size and hardness on the ability of IMsyarrots to procure was protein and
energy were inferred from mean protein and energy acquisaies based on mean fruit consumption
rate and nutritional value of as many food items as IplessFruit consumption rates were estimated from
direct observations in the field (Chapter 6: Boyes & Parrireview d; Chapter 7). Nutritional analyses
of the different food items were done by Selnetal. (2002), Taylor (2002), Symes and Perrin (2003),
and Ndithia and Perrin (2006) using standardized methodsqr&B90). Dry weight was obtained from

samples (n = 20) of seeds taken from the study site.

Figure 2. Fruit colour wheel using Crystal Real Color Wheel devedolpy Jusko (2008)

Food item preferences

Feeding observations were conducted from August 2004 to July 20@=ehneary 2007 to August 2007.

To standardize spatial distribution of Meyer's Parroieg observations, the total sample area was
defined as the area 100m either side of the 26.2 km standardambtransect. The same observer and
vehicle travelling at 15-20 km/h with an open top were usedlfopad transects. Road transects were
conducted five times a week on different days from stafinieh. A systematic sampling strategy was
used for the temporal distribution of feeding observatiornsereby six daytime time periods were
established (i.e. 06h00-08h30; 08h30-11h00; 11h00-13h30; 13h30-16h00; 16h00-18h30; ana 18h30 t
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sunset) (Chapter 7). Road transects were conductdidsirn time periods before a specific time period

was sampled again.

Feeding activity was recorded using direct observatiorthdrfield. The following data were
recorded: height above ground, tree species, food itenatygppaumber of feeding bouts. A feeding bout
was defined as an individual within a flock, or solitageding on a specific food item at a specific
sighting. A food item was defined as any plant food eatdvidyger’'s Parrots described according to tree
species and food item type. Food item types were cledsificording to the part consumed and fruiting
stage, and included: ripe (r) and unripe (un) seeds frois for pods; flowers (f); pseudocarp and seeds
of figs (p); and fruit pulp from fleshy fruits (fr). Arthropddod items were classified according to the
host tree species and their family, and included: parddemiptera larvae (h); parasitic Lepidoptera
caterpillars (l); and parasitic Coleopteran larvae @&hthropod food items were identified by inspecting
all potentially-infested dietary (e.g. pods and fruits}l anon-dietary (e.g. bark and leaves) food items
consumed or inspected by Meyer’s Parrots over the studydpoefiree nomenclature followed Van Wyk
and Van Wyk (1997) and Palgrave (2002). Acronyms and food deerissted in Table 1.

Resour ce assessment

Total habitat area of each forest habitat type withim $ample area was estimated by measuring the
distance along the standardized road transect line coridisgdn the different forest habitat types up to
100m either side of the road. Nineteen (300m x 20m) resourceaimebine transects were established
within the sample area. We used a stratified samplismevithin which three resource abundance line
transects were dispersed in each forest habitat typebtain a representative sample of resource
availability (Chapter 3: Boyes & Perrin in review e). ébio homogeneity and high stand density of
Lonchocarpus nelsii sandveld only one transect was done in this forest hayt t=or the estimation of
habitat-wide resource abundance, a habitat conversion fad@df)(Was calculated by dividing the total
forest habitat area within the sample area by the &t of resource abundance line transects in each

forest habitat type.

Each of the 19 resource abundance line transects were dnappeach transect line maintained
using a Garmin Quest GPS (Garmin 2006). Chapehah (1992) found that diameter at breast height
(DBH) predicted fruit number and biomass the best for aéveethods evaluated. DBH was measured
for all trees over 100 mm in diameter using a large calmel was used as a correlate of fruit crop
abundance (Renton 2001). We marked with spray paint and hapardtanbered and recorded DBH

and tree species once-off for all trees on the res@lmgedance line transects. To obtain a temporal scale
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of relative resource abundance, we visually assessegifoditiction of each of these trees using a crown
score (C§ in the first two weeks of each month between August 2004@yd005, and February 2007
and July 2007. GSwvas scored in increments of 0.2 between 0 and 1, wherebyeeaped no fruit or
flower production and 1 represented the full canopy producingdruiowers. Ripe and unripe fruits
could be present on the same tree. The observer wasstened for all transects and once-off subjective
measurements to maximize repeatability and precision (Chagnag 1994, Casagrande & Beisssinger
1997).

We estimated the relative resource abundance of a speedi€RRA) in a specific month using
the following equation: RRA= DBH*CS;. RRA for all trees of the same species on all three resour
abundance transects in each habitat type were then suronaalain transect-wide relative resource
abundance for each tree species within each forestahappe (TW-RRA. TW-RRA was then
multiplied by the HCF to obtain an index of habitat-wideatiek resource abundance for each tree
species (HW-RA. Total relative resource abundance of a specific $peies (RRA in a specific
month was estimated by summing all the HW;R&lues. Therefore, we estimated total relativeueso

abundance for each tree species using the following equation:
7 [¢)
RRA; = 2{ (DBHk X CCk) X HCF]
j=1 \k=1

Where: i represents each food item; j represents edulahéype; and k represents each tree on the

habitat transects.

We estimated standing relative abundance for a speciéicsprecies (S-RRAIn the same way,
except that CSwvas excluded from the equation used to estimate; RBARRAI was a corollary of the

potential productivity of a specific tree species in tiuelyg area.

Infestation rates of the different tree species wetanated weekly (n = 500) over the entire
study period (Chapter 9: Boyes & Perrin in review f). Ehiedestation levels were then multiplied by
the RRAI for these tree species to obtain an estiofatelative resource abundance of each of the insect

food items.

Food niche metrics

Degree of specialization in feeding activity on differodd resources was evaluated by using Hurlbert's
standardized and expanded niche breadth irilegHurlbert 1978, Renton 2001):
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1

b= [ 10000 X «—NU___
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Where: N represents the number of feeding bouts associate egitlurce state j, artk is the proportion

of the total resource abundance represented by resoateg skpanded to k = 10 000. Niche breadth is
the variance in resource use by a species, and can betedtinyameasuring the uniformity of the
distribution of conspecifics among resource states withimebeurce matrix (Colwell & Futuyma 1971).
Our study determined niche breadth fluctuations month-to-mowéh the study period, and thus the
resource matrix was modified to include different monthsoas and different food items as resource
states. Distribution within this “temporal habitat médtnvas measured as the total number of feeding
bouts in a habitat type in a specific month along the stdizéal census route. Total relative resource
abundance (T-RRA should provide adequate information on the ecological distirectobsesource
states (Colwell & Futuyma 1971). T-RR#as thus used in the weighted expansion of the resource
matrix (k = 10000), thus accounting for error caused by nomitgeend ecological inequality of spacing
among resource states (Colwell & Futuyma 1971), allowing forettgansion (k = 10 000) of the
temporal resource matrix. F@f, a value close to 0 indicated food resource specializadiah a value

tending to 1 indicated broader food resource preferences (Hurfihés).

Data analyses

Spearman rank correlationg( was used to evaluate the relationship between tempmvdl resource
abundance and observed feeding activity and monthly rainfalcodéin Matched Pair Test was used to
look for significant difference in temporal resource abmedaover the study period. Statistical analysis
followed Quinn & Keough (2002) and STATISTICA 7.1 (Statsoft 2006).

RESULTS

Fruit characteristics

There was no correlation between mean protein consormyaite and feeding activity (n = 1;=r-0.306,
t(n-2) = -1.20, p = 0.249) or mean energy consumption rateemaihfy activity on specific food items (n
=11; g=-0.174, t(n-2) = -0.53, p = 0.610).
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Fruit characteristics are listed in Appendix I. Grearntd$raccounted for 29% (n = 597) of the
feeding bouts recorded between August 2004 and July 2005, followgellow (22%; n = 459), red
(18%; n = 385), brown (15%; n = 320), purple (11%; n = 235), orange (394,3) and white (1%; n=

17). The mean fruit colour score was 95.45 (Figure 2; Appendix I)

Environmental and resour ce relationships

Rainfall and flood seasonality was significantly differeetween the 2004-2005 and 2006-2007 field
seasons (Figure 3). Arrival of the flood coincided with dhe season and was calibrated at 59 days lag
time after entrance of water at Mohembo (FigureT)ere was a significant positive correlation between
monthly rainfall and cumulative resource abundance foredl $pecies (n = 18, * 0.474, t(n-2) = 2.15,

p = 0.047), whereby food resource availability was significamitier during the wet season (Figure 3).
Conversely, there was a significant negative correlatiowedsn mean monthly flow rate of floodwater
and cumulative resource abundance for all tree specesl@®) k = -0.650, t(n-2) = -3.418, p = 0.004)
(Figure 3). The influence of flood seasonality on temp@source abundance was insignificant beyond

correlating with the cessation of rainfall and a penbdelative food resource scarcity.

Temporal resource abundance of different food item types aistinctly seasonal (Figure 4).
Without the Bonferonni procedure for multiple testing, theres wmasignificant positive correlation

between Meyer’s Parrot feeding activity and all flowiertheir diet (Table 1).

Resource abundance of different food item types was signtfiy lower in 2007 compared with
2005 (Wilcoxon Matched Pairs Test: n = 36; T = 6.0; Z = 4.9840®8Q1) (Figure 4). Monthly resource
abundance was significantly different for all food itempey (Kruskal-Wallis test: H (5, n = 108) = 38.93,
p < 0.001). There were significant positive correlatioesvieen monthly food resource abundance and
monthly rainfall for ripe seeds fromerchemia discolor, Garcinia livingstonia andCombretum imber be,
and unripe seeds fromiospyros mespiliformis and Lonchocarpus capassa. There were significant
positive correlations between monthly food resource abundancetahdeeding bouts over 12 months
for ripe seeds fronDiospyros lycoides lycoides, B. discolor, Schlerocarya birrea caffra, andTerminalia
sericea, unripe seeds fronD. mespiliformis, Kigdia africana, B. discolor, Acacia erioloba and
Adansonia digitata, figs from Ficus sycomorus, and flowers frafn africana and Acacia nigrescens
(Table 1; Table 2).

Meyer’s Parrots tracked the temporal resource abundarfteners and arthropod larvae closer
than any other food resource (Figure 5). The relative res@bendance of pods within their diet was

largely ignored even though these were important food resourtlee diet (Figure 5).
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Table 1. Spearman’s Rank correlations for total monthly relatiesource abundance

(RRA) and monthly rainfall, total feeding bouts and flood\fi@te for all food item over

18 months (Significant at p < 0.0012 due to Bonferonni phawefor multiple testing)*

indicates significance.

FAMILY Species Food item rs t(N-2) p-level
Ripe seeds from fleshy fruits

BIGNONIACEAE Kigelia africana KAr 0.451 2.02 0.061
EBENACEAE Diospyros lycoides DLr 0.717 4.12  0.001*
EBENACEAE Diospyros mespiliformis DMr 0.514 2.4 0.001*
RHAMNACEAE Berchemia discolor BDr 0.749 453 <0.001*
CLUSIACEAE Garcinia livingstonia GLr 0.596 2.97 0.009
ANACARDIACEAE Sclerocarya birrea SBr 0.639 3.32 0.001*
MYRTACEAE Ziziphus mucronata ZMr 0.48 3.42 0.0432
APOCYNACEAE Carissa edulis CEr 0.998 67.88 <0.001*
Ripe seeds from woody pods

COMBRETACEAE Combretum imberbe Clr 0.593 2.95 0.009
COMBRETACEAE Terminalia sericea TSr 0.809 5.51 <0.001*
LEGUMINOSAE Acacia nigrescens ANr 0.466 2.11 0.051
CAESALPINIACEAE Guibourtia coleosperma GCr 0.582 2.87 0.011
LEGUMINOSAE Lonchocarpus capassa LCr 0.439 1.96 0.068
LEGUMINOSAE Burkea africana BAr 0.397 1.73 0.103
LEGUMINOSAE Albizia harveyi AlHr 0.507 2.35 0.032
LEGUMINOSAE Acacia tortilis ATr 0.582 2.87 0.011
LEGUMINOSAE Lonchocarpus nelsii LNr 0.285 1.19 0.251
Unripe seeds from fleshy fruits

EBENACEAE Diospyros mespiliformis DMun 0.681 3.72  0.001*
EBENACEAE Diospyros lycoides DLun 0.197 0.8 0.433
BIGNONIACEAE Kigelia Africana KAun 0.924 9.66 <0.001*
CLUSIACEAE Garcinia livingstonia GLun 0.54 2.56 0.021
RHAMNACEAE Berchemia discolor BDun 0.841 6.21 <0.001*
MYRTACEAE Ziziphus mucronata ZMun 0.52 2.44 0.027
Unripe seeds from woody pods

LEGUMINOSAE Acacia erioloba AEun 0.806 5.44 <0.001*
BOMBACEAE Adasonia digitata ADun 0.841 6.21 <0.001*
LEGUMINOSAE Acacia nigrescens ANun 0.481 2.2 0.043
LEGUMINOSAE Burkea Africana BAun 0.407 1.83 0.083
LEGUMINOSAE Lonchocarpus capassa LCun 0.541 2.58 0.020
Fruit pulp only

MYRTACEAE Syzigium guineense SGfr -0.061 -0.25 0.809
Seeds and pseudocarp from Moraceae

MORACEAE Ficus sycamorus FS 0.795 5.24 <0.001*
MORACEAE Ficus burkei (thonningii) FB 0.345 1.47 0.161
Nectar and pollen from flowers

BIGNONIACEAE Kigelia Africana KAf 0.884 7.57 <0.001*
LEGUMINOSAE Acacia nigrescens ANf 0.8 5.34 <0.001*
BOMBACEAE Adasonia digitata ADf 0.642 3.35 0.001*
LEGUMINOSAE Acacia erioloba AEf 0.574 2381 0.013
LEGUMINOSAE Lonchocarpus nelsii LNf 0.54 2.56 0.021
Insect larvae and products (e.g. exudate)

COMBRETACEAE Combretum hereroense CHc 0.858 6.69 <0.001*
LEGUMINOSAE Colophospermum mopane CMI 0.655 3.46  0.001*
COMBRETACEAE Terminalia sericea TSc 0.996 45.21 <0.001*
EBENACEAE Sclerocarya birrea SBI 0.541 257 0.020
LEGUMINOSAE Colophospermum mopane CMh 0.985 23.09 <0.001*
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Figure5. Total number of feeding bouts and relative resourcedénce (RRA of: (a) Seeds from ripe and unripe

fleshyfruit and figs; (b) Ripe and unripe seeds from woodyspéc) Pollen and nectar of flowers; and (d) Insect

larvae feeding on pods and fruits.
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Figure 6. Total number of feeding bouts observed in each tneepsaheight class.

Over 70% of all feeding bouts were over 20 m above the grouthe imigh canopy. Only 8% of
all feeding activity was between 10-20 m above the grourgkdifg activity below 10 m was only

observed between December and July, accounting for 218tabfeeding bouts (Figure 6).

DISCUSSION

Food item preference system

According to a modified Hurlbert’'s expanded and standardized bidaglth index, Meyer’s Parrots are
food resource generalists, fasvas consistently above 0.5 throughout the study period. Thera tvaef
period of niche specialization in June 2007 during the nestling pehied both adults are provisioning
young with a specialized diet & imberbe pulp and arthropod larvae from a broader variety of habitat
types and food resources (Chapter 2; Chapter 9). Meyari®tPfeeding activity on different food
resources was not significantly different between 20052803 in the Okavango Delta (Chapter 2), and
therefore, even though Meyer's Parrots utilize a widdetyarof food resources, they do so with
regularity, and thus have a food item preference systewording to which they make food resource
decisions. Here we attempt to evaluate putative mechanishdikely function within this decision-
making system.
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In the Okavango Delta, Meyer's Parrots were demonstriamemnack temporal food resource
abundance of all significant food resources in their diet @&8months, especially flowers and ripe
fleshy-fruits. At the population level, Meyer’s Parrtstscked the relative resource availability of 19 food
items in their diet, 9 of which were fleshy fruits withdaloured fruit displays (Table 1; Appendix A).
Four of the seven pods tracked by Meyer's Parrot contairtbedopod larvae likely keystone to the
breeding effort in the area (Chapter 2; Chapter10: BoyesénRe review g). The remaining food items
were flowers with white or coloured inflorescences ircdloured displays with the green leaves
(Appendix A). Feeding activity on food resources availableutinout the year (e.g. rip€igelia
africana fruit and F. sycomorus figs) or not visible from the air (e.g. unrijpeospryos lycoides lycoides
fruit), however, did not correlate significantly with teonpl food resource abundance fluctuations.
Failure to correlate rate of nutritional intake (i.eotpin and energy acquisition rates) with observed
feeding activity was likely due to inadequate sample swettie nutritional and consumption rate
analyses or that energetic costs of flight, prospeetimbinter-specific competition outweighs the benefits
from feeding on the most nutritious food resources. Signifigathis also shows that Meyer’s Parrots do
not make food resource decisions according to their atnlippen and process the seeds inside a fruit or

pod.

Boyes & Perrin (Chapter 7) showed that protein and energyisition rates were significantly
different for different food resources, thus indicating taier’'s Parrots could derive significant benefit
from feeding on specific food resources. Making foraging sitmes according to relative resource
abundance at the landscape level benefits Meyer’'s Parroténbyizing energy expenditure by foraging
for the food resource with the highest probability of beingteEtérom the air. Aerial surveillance and
lingual feeding (i.e. constant vocalizations during feediniyigg likely interact to ensure that the
majority of the population can locate preferential forggsites at low energy expenditure. This likely
enables Meyer’'s Parrots to persist throughout the Afrstdotropics where there are distinct wet and dry
seasons, and therefore, periods when seed predators egpedefood resource bottleneck. This
hypothesis is supported by the assumptions of optimal fayabeory (Rakotomanana & Hino 1998, Sih
& Christensen 2001). Boyes and Perrin (Chapter 8: Boy&e®in in review h) demonstrate that
Meyer’s Parrots are central place foragers departing frencommunal roost according to the Foraging
Dispersal (FD) Hypothesis (Caccamise & Morrison 1986; Sy&g®errin 2003b). The minimization of
foraging flight distance by foraging for the most abundaatl resource at landscape level fits into the
model of a central place forager within the FD hypothesi®ie only anomaly in the data set is the
correlation between feeding activity @arissa edulis, which usually forms part of the under-storey in
riverine forest, and temporal resource abundance. tidgsloes, however, have a significant bi-coloured

display with a fruit colour score (FCS) of 135. Therefove,identified three potential mechanism that

101



Chapter 4: Resource abundance tracking by Meyer’s Parrot

interact to facilitate food resource abundance trackinghatlandscape level, including: (a) Aerial
assessment of bi-coloured displays that are visible thamair in the high canopy (e.g. riverine forest) or
low open habitat (e.dd. lycoides marginal woodland); (b) Minimization of energy expenditure due to
high costs of flight by minimizing foraging flight distana@ri a central point (e.g. communal roost or
nest cavity) within the predictions of optimal foraging ttye¢Caccamise and Morrison 1986); (c)
Opportunistic sampling of food resources at the population Enetlingual feeding behaviour facilitate
resource abundance tracking at population and landscape denkld) Prior knowledge of resource

availability based on unknown stimuli (e.g. photoperiod (812806) or rainfall (Lloyd 1999)).

Aerial assessment of conspicuous fruit displays

We found that the majority of the foraging activity waghe high canopy, thus indicating that Meyer’s
Parrots likely make their food resource decisions from theral then descended to feed. The only
significant feeding activity below 5m was between Decengrel March when Meyer's Parrots were
feeding onD. lycoides lycoides fruits. Diospyros lycoides marginal woodland comprises homogenous
stands ofD. lycoides lycoides at very high stand density in forest gaps and on channel margin
Therefore, ripeD. lycoides fruits are easily visible from the air and thus seaspraligeted as a food
resource and resource abundance tracked effectively by M&aar'sts at landscape level. The same,
however, is not true for unripBiospyros lycoides fruits, which are a significant food resource, but
feeding activity did not correlate with temporal food reseuabundance. Unrip@iospyros |ycoides
fruits are green, and thus difficult to locate from the &inder-storey tree species often not visible from
the air such aZiziphus mucronata, Carissa edulis andGrewia spp. only occurred in the diet of Meyer’'s
Parrots sporadically (Chapter 2), thus supporting the hypsthiest Meyer’'s Parrots track resource
abundance through aerial assessment from a central peintdmmunal roost). The preference for bi-
coloured fruit displays, which accounted for 55% of adidieg bouts, indicate preference for fruits and
pods that are more easily visible from a distance. Toderate preference for bi-colour displays is
characteristic of field experiments (Arrudaal. 2008). All food resources that were tracked by Meyer’'s
Parrots had conspicuous pods or fruits (A.gligitata andK. africana) or bi-coloured fruit displays (e.g.
D. lycoides lycoides, B. discolor, S birrea caffra, andT. sericea, andD. mespiliformis). In addition, five
out of the seven most important food resources in the tiMdeger’'s Parrots in the Okavango Delta had
bi-colour displays. The mean fruit colour score was 95uiicated that yellow was the “mean” or
dominant fruit colour in the diet of Meyer’s Parrot, thusndestrating an overall preference for fruit and

flower colours that contrast with green (Appendix I).
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Minimization of energy expenditure dueto high costs of flight

Within the predictions of optimal foraging theory (Caccsan& Morrison 1986) it appears that Meyer’s
Parrots make food resource decisions that maximize the plibbabiencountering the food resource.
Boyes and Perrin (Chapter 7) found that the ability of MeyRdrrot to procure protein and energy from
any food resource in their diet was unlikely to restidirt daily activity pattern and daily nutritional
requirements could easily be achieved, as long as riaage to locate the food resources, energy
expenditure is minimized, and no external factors inhibédifieg (e.g. increased vigilance due to

predation risk or disturbance).

Differences in flight costs are associated with d#fé foraging models (Carlson & Moreno
1992). Aerial feeders that habitually forage on the wing duange parts of the day employ low-cost
flight at metabolic rates ranging from 2.9 to 5.7 BMR (Fand Nagy 1984), whereas the short flights
employed by some non-aerial foragers can cost as much BBIR3Tather & Bryant 1986). Meyer’s
Parrots are non-aerial foragers and have very short vilragsallow them to maneuver in dense tree
canopies when foraging, and thus are expected to maiatagry high metabolic rate during flight.
Minimization of foraging flight distance by feeding on logaiommon or abundant food resource at a
specific point in time should, therefore, be an impdréamsideration for Meyer’s Parrots. Then there is
the old adage: “The quickest way is the way you know”, whereleyekls Parrots could feasibly

maintain a prior knowledge of the location and timing of ifingitwithin the habitat mosaic.

Prior knowledge of resource availability

The ability to navigate is demonstrated in birds byrtladiility to forage over wide areas and then
successfully return to a characteristically inconspicumass site. In addition, Boyes & Perrin (Chapter 8)
found that Meyer’s Parrots are central place forafeas et al. 1994) that likely utilize activity centres
(e.g. trees near communal roosting sites) to facildeseersal in search of food resources according to the
Foraging Dispersal hypothesis (Caccamise & Morrison 1986)s indicates that Meyer’'s Parrots likely
have an independent, pre-determined knowledge of the location of ésmdirces and avoid the
assistance of conspecifics. Specific fruits and podsiirelwvailable for extended periods of time and
phenology was relatively synchronous at the landscape lewktharefore, once a food resource has been
identified as suitable the parrots could feasibly use prior leuge of the local area to find other trees of
that species. Food resources within riverine forestdagidicacia-CombretunyBrachstegia/Adansonia
woodland communities preferred by Meyer’s Parrots througleut tange (Snow 1978; Tarboton 1980;
Forshaw 1989, Juniper & Parr 1998; Chapter 3); however, arashspwithin a patchwork mosaic of

103



Chapter 4: Resource abundance tracking by Meyer’s Parrot

different tree species, and thus difficult to locaitéerefore, lingual feeding and vocalizations are likely

important in food resource abundance tracking at landsesgk |

Opportunistic investigation by a lingual feeder

Meyer’s Parrots are lingual feeders, and thus vocalizetaahs during feeding activity based on the
qguality of the food resource (Chapter 2). Boyes and Pe@iagter 8) found that Meyer's Parrots
disperse from activity centres in the early morning to foragegradually aggregate during the morning
to form smaller secondary roosts. Lingual feeding likabilitates this aggregation, as feeding flock size
was recorded to increase as time passed during thengof@hapter 8). Therefore, Meyer’s Parrots
could feasibly disperse randomly from a central pointtaed make decisions on dietary intake based on
the vocalizations of other parrots in the area or their iomestigation for and discovery of suitable food
resources. Meyer’'s Parrots are reported to be crojg peZambia and South Africa (Rowan 1983;
Boyes 2006). Grain and millet crops represent a super-abufatziized food resource and attract large
flocks of up to 40 Meyer’'s Parrots during harvest seasoafeh 8). Flocks this size would necessitate
the aggregation of Meyer’s Parrots from a large aless indicating that Meyer’s Parrots either had prior
knowledge of this food resource or have the ability to communicaid resource availability over large
distances. More research is required on the distangbielh Meyer’s Parrots and other parrots can hear

each other vocalizing, and thus potentially benefit frimgual feeding.

Conclusion

Meyer's Parrots track the temporal resource abundancargéted food resources, but more work is
required on specific stimuli within their generalist foodnit preference system (Chapter 2). Food
resource tracking by Meyer’s Parrots is likely duehi inter-relationship of Meyer’s Parrots surveying
for bi-coloured fruit displays from the air, listening for taet calls of feeding parrots, and as far as
possible attempt to energy-efficiently navigate throuwggirtlocal environment. Significantly, Meyer’s
Parrots likely use fruit colour as an indicator to traeither than select (Willsoa al. 1990), specific

food items.
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Chapter 5:

Short Note

Generalists, specialists and opportunists: Niche metrics of

Poicephalus parrots in southern Africa’

Introduction

Little is known about the relationship between African pareotd food resources (Perghal. 2002),
however, it may be predicted that seed predators suchriagsptrack food resources closely in order to
exploit temporal and spatial abundances in seed productkeat¢s1987; Gautier-Hion and Michaloud
1989; Galetti and Rodriquez 1992; Renton 2001). In the Africancgutdt wherdéPoicephalugparrots
predominate, interactions between plant and animal speagsapkey role in the evolution of their
behavioural ecology and biogeography (Wirminghetual. 2001). Based on dietary studies of African
parrots there is clear evidence that all three contiheygmera track resource availability within
specialist or generalist food item preference systemspf@daet al. 1993; Wirminghau®t al. 2001,
Selmanet al. 2002, Symes and Perrin 2003; Taylor and Perrin 2006; Chapter 2: &ogd3errin in

review a; Chapter 4: Boyes and Perrin in review b).

The superspecieB. meyeriand P. robustusappear as natural assemblages within the genus
Poicephalus(Massaet al. 2000). P. robustusforms a superspecies with the Grey-headed Parrot,
Brown-necked ParroP. fuscicollis fuscicollisand Jardine’s Parrd®. gulielmi P. meyeriforms a
superspecies with Ruppell's Parrots and Brown-headed Parrebuthern Africa, and with three
extralimitals, including the Senegal ParRit senegalusRed-bellied ParroP. rufiventris and Niam-
Niam ParrotP. crassus(White 1965; Rowan 1983; Mass al. 2000). Differences in foraging
behaviour and separation of trophic niches are impointaaixonomic status and distributional range of

Poicephalusparrots (Perrin 2005). Comprehensive studies undertaken on dtiegeecology of

! Formatted foiOstrich— Journal of African Ornithology, Birdlife South AfricBlISC, Grahamstown, South
Africa: Boyes, R.S. and Perrin, M.R. (in press). Galiss, specialists and opportunists: Niche metrics of
Poicephalugarrots in southern Africa
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Poicephalusparrots in southern Africa classified Cape ParRugephalus robustuand Grey-headed
ParrotsP. fuscicollis suahelicuas specialist feeders (Wirminghaetsal. 2002; Symes and Perrin 2003;
Perrin 2005), Ruppell's Parro®. ruppelli as generalist feeders (Selmanal. 2002), and Meyer’'s
Parrots P. meyeriand Brown-headed Parrof. cryptoxanthusas opportunistic generalist feeders
(Chapter 2; Taylor and Perrin 2006) (Table 1). Thereforgetiea dichotomy in the food item

preferences of Poicephalus according to superspecieseompl

Table 1: Location, timing and classifications from studies oe faeding ecology oPoicephalusparrots in
southern Africa

Study Feeding
Species period Location classification Ref:
Cape Parrot 1993-1996  Hlabeni and Ingelki Forests, KwaZulu-Natal Specialist 1
(South Africa)
Ruppell's Parrot 1996-1997  Waterberg Plateau Park (Namibia) Generalist 2
Brown-headed Parrot 1996-1999  Kruger National Park (South Africa) and Ponta Opportunistic 3
Malongane (Mozambique) generalist
Grey-headed Parrot 1999 Levubu District (South Africa) Specialist 4
Meyer's Parrot 2003-2007  Okavango Delta (Botswana) Opportunistic 5
generalist

Reference: 1 =Wirminghaus et al. (2002); 2 = Selman et al. (2002); 3 = Taylor and Perrin (2006); 4 = Symes and
Perrin (2003); 5 = Chapter 2.

Niche metrics have been used by several authors to evaletary specialization and degree of
niche overlap in birds (Rusterholtz 1981; Braathl. 1994; Brandle and Brandl 2001; Renton 2001;
Martinez 2003). Niche breadth is the variance in resouredysa species, and can be estimated by
measuring the uniformity of the distribution of conspecifitcsong resource states within the resource
matrix (Colwell and Futuyma 1971). We determined to calibieedegree of dietary specialization of
Meyer’s Parrots in the Okavango Delta, Botswana, over 1Z2hmarsing the a modified Hurlbert's
expanded and standardized niche breadth index (Colwell and Futuyma H®Tdert 1978), for
comparison using Levins’ niche breadth (Levins 1968), with the fted calendars of the other

Poicephalugarrots in southern Africa.

Based on the ecological specialization hypothesis, spetieshe widest niche breadth should

be more widespread and locally abundant than specialmssies (Gaston and Lawton 1990; Pomeroy
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and Ssekabiira 1990). Brandle and Brandl (2001) demonstrated &cargnpositive correlation
between habitat niche breadth and distributional range of resepae afro-tropical birds in Tsavo East
National Park, Kenya. Our study, therefore, compared ttlgenmnetrics ofPoicephalusparrots in
southern Africa with their distributional ranges to test hlypothesis that Meyer’'s Parrots have the
widest distribution of anyPoicephalusparrot due to their comparatively wide niche breadth. In
addition, we attempted to correlate body size with distribatisange and food niche breadth of

Poicephalugarrots in southern Africa.

M ethods

Food item preferences of Meyer's Parrots in the Okavandia Bee presented in Boyes and Perrin
(Chapter 2). Temporal resource abundance at landscapefarcall food items in the diet of Meyer’s
Parrot in the Okavango Delta are presented in Boyes anth RChapter 4). Seasonal food item
preferences of all oth&oicephalugparrots in southern Africa are detailed in studies by \ivighrauset

al. (2002), Symes and Perrin (2003), Taylor and Perrin (2006) anthBet al. (2002) (Table 1). For
purposes of standardization between studies all food iteomwuating for less than 10% of the overall
recorded feeding activity in a given month were dropped tr@nfood item calendar (Taylor and Perrin
2006).

A resource matrix is a table formed by using differemhgeting species as rows and resource
states as columns. Resource states are subdivisiohs vait heterogeneous habitat considered
individually (e.g. food item types) or grouped on the basisimilarity (e.g. habitat types) (Hurlbert
1978). We determined to evaluate niche breadth fluctuations stwmtbnth, and therefore, the
resource matrix was modified to include different monthsoas and different food items as resource
states within the resource matrix. Distribution within tgecies-specific “temporal resource matrix”
was measured as the number of feeding bouts for aispeat! item in a specific month. A feeding
bout was defined as an individual within a flock, or splitdeeding on a specific food item. Use of a

temporal resource matrix allows for comparison of nichedthelaetween allopatric species over time.
Niche breadth of alPoicephalugparrots was calculated using the Levin’'s niche breagth (

_ X
TN

Where X represents total feeding bouts of all food items apdhi number of feeding bouts
associate with resource state j (Levins 1968; Colwell and Fatuy®r1; Hurlbert 1978). iBis
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maximized when an equal number of individuals of specaes associated with each available resource

state, thus implying that speciedoes not discriminate among the resource states (Hurlbert 1978).

Levins’ niche breadth is not standardized, and thus is oséful as a measure of relative
specialization in food resource utilization. In additions tlmeasure does not account for error caused
by nonlinearity and ecological inequality of spacing among resouatess(Colwell and Futuyma
1971). These problems were overcome by weighting resource ataterding to their distinctness from
other resource states in the resource matrix. Relatseurce abundance among resource states
provides adequate information on the ecological distinctness édoamd Futuyma 1971). The
following equation was used to calculate the modified Hurkbetandardized and expanded niche
breadth indexf):

1

b= [ 10000 X «—NU___
Zl( XzidijNij

|
)Jl [99199]

Where: N represents the number of feeding bouts associate estburce state j, andk is the
proportion of the total resource abundance represented by restate | expanded to k = 10 000. For
Bi, a value close to O indicated food resource specializaiwha value tending to 1 indicated broader
food resource preferences (Colwell and Futuyma 1971; Hurlbert 19i&riR2001).

Figure 1: Distributional ranges of southern Afric&foicephalusparrots. (a)P. meyerisuperspecies:P.

meyeri (light grey), P. rueppellii (dark grey) andP. cryptoxanthus(medium grey); (b)P. robustus
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superspecies complexP. robustuy (dark Grey),P. fuscicollis suahelicuglight grey) andP. fuscicollis
(medium grey)

Distributional ranges for alPoicephalusparrots evaluated in our study were derived from
species accounts in Rowan (1983), Juniper and Parr (1998Yiamthghaus (1997) (Figure 1). For the
analysis, the grid quadrat system used by Crowe andeC{b®82) to extract atlas data (grids without
numbers were numbered accordingly) was used to estipgrtentage coverage of the African
continent by each species. Body size was inferred flemmmedian body mass reported by Rowan
(1983).

Kolmogorov-Smirnov (K-S) and Lilliefors tests were usedadst for normality. T-test for
independent samples were used to test for significantreliites between niche breadth fluctuations
over 12 months for Poicephalus parrots in southern Afif@earman rank correlationg)(were used to
check for correlations between Levins’ niche breadth, exdémistributional range, and body size.
Statistical analysis followed Quinn and Keough (2002) and7384).

Results and discussion

According to the modified Hurlbert’s standardized and expamiehe breadth index, Meyer’s Parrots
can be classified as generalist feeders for the entae (ff&gure 2). Having calibrated the food item
preference system of the Meyer’'s Parrot we then ramtkespecific comparison using Levins’ niche
breadth. Over 12 months, Meyer's Parrots had a signifjcavitler niche breadth than Ruppell’'s
Parrots (df = 22; t-value = 2.53; p = 0.02); Brown-headed Pgubts 22; t-value = 4.86; p < 0.001),
Grey-headed Parrots (df = 22; t-value = 5.50; p < 0.001) and &apets (df = 22; t-value = 5.72; p <
0.001) (Figure 3). There were, however, no significant difiege between the niche breadth
fluctuations of Cape Parrots and Grey-headed Parrots Zdf t-value = -0.479; p = 0.636), and Grey-
headed Parrots and Brown-headed Parrots (df = 22; t-vall@2Z; p = 0.067) (Figure 3). In addition,
there was a significant difference between niche breaaftBrown-headed Parrots and Ruppell's
Parrotss (df = 22; t-value = 2.986; p = 0.006) and Cape Badbt 22; t-value = 2.650; p = 0.014)
(Figure 3). Our analysis, therefore, confirmed the foethipreference system classifications put
forward for Poicephalusparrots studied thus far, except Brown-headed Parrothwipipears to have

more specialist food item preferences than previouslygowerd by Taylor and Perrin (2006).

Results from our study support the hypothesis that Meyeri®iBdrave the widest distribution
of any Poicephalusparrot studied thus far due to their comparatively widghioniche breadth. Our

study, however, undermined the assumptions of the ecologicahbpean hypothesis supported by
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Brandle and Brandl (2001), Gaston and Lawton (128@) Pomeroy and Ssekabiira (1990), as Levins’
niche breadth for all fivePoicephalusparrots had no significant correlation to the ektef their
distributional rangesr{= 0.60, t(N-2) = 1.29, p = 0.285) (Table 2). Thafationship between niche

breadth and distributional range &oicephalusparrots could have been undermined by the low

statistical power of this analysis, the restrictiggtribution and wide niche breadth of Ruppell'srBts

and/or variance introduced by the impact of rapidnges in extent and spatial distribution of Afnica

forest habitat types over the last 100 years (@ejorestation or climate change).

The restricted

distribution and wide niche breadth of Ruppell'siets is likely due to range isolation by the Kalah

Sand Basin and trophic response to seasonal asiddyresultant food resource scarcity in their ratu

habitat.
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Figure 2: Modified Hurlbert's standardized and expanded niditeadth (Bi) for Meyer's Parrot at
Vundumtiki (0 = specialist utilizing only one foedsource; 1 = generalist utilizing all availabledaesource
proportionally according to their relative resouad®indance.
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Figure 3: Modified Levins’ measure of uniformity applied to &bicephalugparrots in southern Africa
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Table2: Comparison of food item preference systems foPaitephalugparrots

Levins' Extent of

measure of  No. of food Feeding distributiona Body Threat

Poicephalus parrot uniformity items system | range size category
(B) (n) (%0) (9) (rank)
Meyer's Parrot 20.5 37 Generalist 34 118 LC(5)
Ruppell's Parrot 9.1 37 <> 4 125 LC(2)

Opportunis

Brown-headed Parrot 6.5 16 - 17 t 8 145 LC(4)
Grey-headed Parrot 3.7 6-11 <L 11 323 LC(3)
Cape Parrot 1 7 Specialist 0.5 295 CR(1)

Interestingly, there was a significant negativerelation between Levins’ niche breadth and
median body mass &foicephalugparrots (s = 0.90, t(N-2) = -3.57, p = 0.037) (Table 2). fdfere, for
Poicephalugarrots, this study indicates that degree of dyetpecialization is inversely correlated with
body mass, whereby the narrower the trophic nitdte)arger the body size. There was no significant
correlation between distributional range and badg ¢ = -0.30, t(N-2) = -0.545, p = 0.624) (Table 2).
From this, it follows that the common ancestora# P. robustussuperspecies complex evolved to be
larger by focusing on fewer, highly nutritious, sty@bundant food resources (ePgpdocarpudruits).
Podocarpus falcatysfor example, has an extended fruiting period higth fruit yield rich in fat and
energy (Wirminghaus et al. 2002; Perrin 2005). $4ast al. (2000) showed that Jardine’s Parrot
separated from the ancestral Cape Parrot beforésteg-headed Parrot and Brown-necked Parrot.
Solms (1999) found that Grey-headed Parrots andviBreecked Parrots are more closely related to
each other than the Cape Parrot. Jardine’s Parconsiderably smaller than the Cape Parrot; hewev
the subspecie®. g. massaicuslso feed orPodocarpusfruits and flowers (Juniper and Parr 1998).
During the Quaternary palaeoclimatic changes, glaoériods were arid and interglacials were humid
(Diamond and Hamilton 1980). During the last dmsripd, there was fragmentation of forest and
savanna habitats into forest refugia (Crowe andv@r982), likely confining relict populations ofeh
ancestralP. robustusto the PodocarpusAfromontane forests of southeastern South Afrieariin
2005). The results of our study indicate thatdaheestor ofP. robustudikely increased in body size
due to dietary specialization during this periodigiflation in thePodocarpusAfromontane forests.
This ancestor did not have to track resource davilitha or accommodate seasonal fluctuations in
resource abundance like othifeoicephalusparrots, thus allowing them to sustainably achigreater
size. Then in subsequent vegetation shifts betw@es00 — 12 500 BP that advanced forest

communities ancestors of Grey-headed Parrots aodrBnecked Parrots were allowed to extend their
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range into their present distributions (Perrin 2005), madimgithe large size due to inter-specific
competition in the African subtropics. Conversely, MeyBrsrots are the smallest of tReicephalus
parrots with the widest niche breadth and distributional rangbey are approximately 2.5 times
smaller than Cape Parrots, and therefore, likely hansiderably lower absolute protein and energy
requirements, allowing them to proliferate in the dry saeawoodland andAcacia scrubland
predominant in central and eastern sub-Saharan Africair Gémeralist feeding system supports this
relationship, making them more robust to macroclimatic amtiotical factors noted as possible
restrictions by Brandle and Brand| (2001).
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Chapter 6:

Do Meyer's Parrots Poicephalus meyeri benefit pollination and seed

dispersal of trees in the Okavango Delta, Botswana?

Abstract

Parrots have been considered potential agents of padliinatid seed dispersal, but there are few detailed studies
of their behaviour when feeding on flowers and fruitst®iconsequences for forest ecology. We investigated the
interactions between Meyer’'s Parrots and trees énQkavango Delta, Botswana. Meyer’'s Parrots were not
implicated in endo- or epizoochory, however, they droppeeaten fruit pulp and seeds to the ground during
feeding bouts, thus providing ripe, undamaged seeds to segoseld dispersers. This link with forest
recruitment was weak, as all tree species utilized byelie Parrots either had more significant primary dispe
agents or were primarily wind-disperseth most cases, the negative effect of seed predatiweighed any
positive effects in terms of dispersal. OBtyerocarya birrea caffra recorded marginal net dispersal benefit from
utilization by Meyer’s Parrots. Utilization of flows of Kigelia africana andAdansonia digitata by parrots likely

had a significant negative impact on pollination. Feedmgaacia nigrescens flowers, however, was potentially
advantageous to their pollination. We conclude Braatephalus parrots are net consumers of ripe, undamaged

seeds and flowers, thus having an overall negative impdotest recruitment in subtropical Africa.

Key words. Okavango Delta; seed dispersal; pollination; Poicephalus; parrot, seed rain.

Introduction

Numerous studies have documented the ecological role of &irdsmammals, as pollinators and
dispersal agents, in forest ecology (Howe 1986; Fleming & 3894; Clarket al. 2001; Ingle 2004,
Vander Wallet al. 2005; Parrado-Rosselli & Amaya-Espinel 2006). Very few ssudiewever, have

been conducted on the intensity of seed and flower predagigrarrots and the resultant impact on

! Formatted forAfrican Journal of Ecology, East African Wildlife Society: Boyes and Perrin (in g)eBo
Meyer’s ParroPoicephalus meyeri benefit pollination and seed dispersal of trees irtkevango Delta,
Botswana.
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forest recruitment (Galetti & Rodrigues 1992; Juniper &rPED98). Parrots form an important
component of most canopy bird communities (Terboeglal. 1990; Gilardi & Munn 1998), and
therefore, depending on population levels, likely have a sogmfiimpact on pollination and seed
dispersal due to high consumption of the reproductive apparbplants (Jordano 1983; Frenehal.
1992; Galetti 1993; Renton 2001). Comprehensive studies of the feeditogye of the Cape Parrot
Poicephalus robustus (Wirminghauset al. 2002), Rippell's Parrd®. rueppellii (Selmanet al. 2002),
Grey-headed Parrot®. fuscicollis suahelicus (Symes & Perrin 2003), Brown-headed Parkot
cryptoxanthus (Taylor & Perrin 2006) and Meyer’'s ParrBt meyeri (Chapter 2: Boyes & Perrin in
review a) all concluded th&toicephalus parrots are major pre-dispersal seed predators initde im
addition, nectivory has been reported inRdicephalus parrots studied thus far (Oatley & Skead 1972;
Fynn 1991; Selmasdt al. 2002; Wirminghaugt al. 2002; Symes & Perrin 2003; Taylor & Perrin 2006;
Chapter 2). Our study evaluated the feeding behaviour of Mdyarrot for evidence of linkages with

forest ecology.

Meyer's Parrot is the smallest of tReicephalus parrots £118g) and forms a superspecies with
Ruppell's ParrotP. rueppelli and Brown-headed Parr8t cryptoxanthus in southern Africa (Rowan
1983; Masseaet al. 2000). They have the widest distributional range of Afnican parrot, extending
throughout subtropical Africa from north-eastern South cafrio the southern Sudan (Snow 1978;
Forshaw 1989; Juniper & Parr 1998). Meyer’'s Parrots arertppstic generalists with a distinctly
seasonal diet that tracks fruiting phenology (Chapter 2; GhdpRoyes & Perrinn review b; Chapter
5: Boyes & Perrin in review c¢). Flower predation and apbd consumption both form an important
part of their diet (Chapter 2). They have short, stronlg blbserved to open the hard nut-casing of
Sclerocarya birrea caffra fruits andAcacia erioloba pods, and thus have apparatus for unrestricted

destructive seed and flower predation (Chapter 2).

Evidence implicating African parrots in seed dispersaley limited. The only instance of
endozoochory (i.e. seed dispersal through defecation) wasleecin Lesser Vasa Parrdsracopsis
nigra in Madagascar, which dispers€dmmmiphora guillaumini seeds in their faeces (Bohning-Gaese
et al. 1999; Vander Wall & Longland 2004). African Grey Parfedsitacus erithacus (Chapmaret al.
1993) and Black-cheeked Lovebirdgapornis nigrigenis (Warburton & Perrin 2005) both fly with
food items, and thus could be implicated in epizoochoey §eed dispersal through transportation on
body surface). As put forward by Galetti and Rodrigues (199&)gard to parrots in Brazil, Symes &
Perrin (2003) recognized that secondary dispersal agenitee @ndund (e.g. rodents, ants and termites)
could facilitate dispersal of ripe, undamaged seedsuitable microhabitats for germination and

establishment. Secondary seed dispersal has been densohstrdte important in the reproductive
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cycle of several plants (Chambers & MacMahon 1994; BohningeGaied. 1999; Vander Wall &
Longland 2004; Vander Wa#t al. 2005; Garcia-Castang al. 2006). Therefore, depending on the
presence of secondary dispersers and dispersal ratpg,aimdamaged seeds to the ground during seed

predation Poicephalus parrots could play a role in seed dispersal of gettae species.

Australian and Neotropical parrots have been reportéldeasain pollinators for certain plants
species (Christensen 1971; Hopper & Burbridge 1979; Hopper 197%10€d®84; Cotton 2001,
Breretonet al. 2004). There is, however, no evidence implicatogcephalus parrots in pollination.
Meyer’s Parrots have the highest incidence of flower pi@uan their diet of anyPoicephalus parrot
studied thus far, whereby flower predation accounted 386 of total feeding activity over 24 months
(Chapter 2). Our study investigated net benefit of MeyBw@srot flower predation and linkages

between flower structure and the potential for polloraty Poicephal us parrots.

We tested the hypothesis that Meyer's Parrots have diveegeet impact on pollination and
seed dispersal of targeted tree species through destrdictiver utilization and pre-dispersal seed

predation.

Materials and methods
Sudy area

The Okavango Delta was chosen as the study area becatsssighificant Meyer’s Parrot population
(Wirminghaus 1997). The study was conducted in the Kwedi Concession (NG22) on Vuikdum
Island located in the north-eastern part of the Okavargjta [PFigure 1). The study site was remote

and there was limited disturbance to habitat and aretadviour.

Data collection

Feeding activity data collection was conducted from August 2004ly 2005. To standardize spatial
distribution of Meyer’s Parrot feeding observations, the t@ale area was defined as the area 100m
either side of the 26.2 km standardized road transectd fRaasects were conducted five times a week
on separate days from start to finish. The same obsandgevehicle travelling at 15-20 km/h with an

open top were used for all road transects.
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Figure 1: Map of the Okavango Delta showing area of inuodaduring flood season and location of Vundumtiki

and Mombo

A systematic sampling strategy was used for thepteai distribution of feeding observations,

whereby six daytime time periods were establishesl 06h00-08h30; 08h30-11h00; 11h00-13h30;

13h30-16h00; 16h00-18h30; and 18h30 to sunset)p@&hd: Boyes & Perrin in review d). Road
transects were conducted in all six time periodserieea specific time period was sampled again.

Meyer's Parrots are lingual feeders (i.e. vocatianstantly during feeding) (Homberger 1989),

and thus were detected by following their vocai@at. At each sighting the following data were

recorded: tree species, food item type, habita,tpumber of feeding bouts, and presence of fongss
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or potential secondary seed dispersers. A feeding wasta feeding event defined as an individual
within a flock, or solitary, feeding on a specific foodnit. A food itemwas any plant food eaten by
Meyer’'s Parrots described according to tree speciesomadtem type._Food item typegere classified
according to the part consumed and fruiting stage, and incluged(r) and unripe (un) seeds from
fruits or pods; flowers (f); pseudocarp and seeds of fys gnd fruit pulp from fleshy fruits (fr).
Arthropod food items were classified according to the trest species and their family, and included:
parasitic Hemiptera larvae (h); parasitic Lepidoptextempillars (I); and parasitic Coleopteran larvae
(c). Acronyms for tree species and food item typedistexl in Table 1. Tree nomenclature followed
Van Wyk and Van Wyk (1997) and Palgrave (2002). The basic urstavseed in a fruit or pod.
During observations, the number of seeds dispersed atayaes over the longest period possible

within the observation period was estimated.

In addition to number of feeding bouts, seed dispersaldastiuction rates were estimated
opportunistically when visibility was optimal. Obsereatiperiod was limited to 20 minutes due to time
constraints in completing the road transect. All obg&ns were made with a 30x spotting scope at the
maximum sighting distance possibt0—-40m) in order to minimize disturbance of feeding behaviour.

The same observer was used for all observations.

For fruits and pods with one seed kernel, dispersal fatelfferent species were estimated by
dividing the total number of seeds dispersed to the grdynthe sample period. Only ripe seeds
undamaged during feeding and subsequent dispersal from the canepgoweted during observation
period. This was confirmed through subsequent inspection ogrthumd. Destruction rates were
estimated by dividing the total number of unripe and speds damaged during seed predation by the

sample period.

Counting the number of seeds dispersed and destroyed ingngitpods with multiple seeds
was more problematic. To solve this we estimated thennpeoportion of the whole fruit or pod
dispersed to the ground or destroyed during seed predatiothevebservation period. Therefore, the
total number of seeds dispersed to the ground wasagstl by multiplying the total number of fruits or
pods dispersed to the ground by the estimated mean powpoftieach fruit or pod destroyed (EMIP
and the mean number of seeds in each fruit or pod (n = BEDJP; was scored subjectively in
increments of 0.2 between 0-1, whereby 0 indicates that di se¢he pod or fruit were destroyed and
1 indicates that all seeds were dispersed to the grotihg. was determined either through observation
in the canopy or inspection of pods and fruits dispersedet@tound. Similarly, the total number of
seeds destroyed during seed predation was estimated by ymufipbtal number of fruits or pods

predated upon by one minus EMdhd the mean number of seeds in each fruit or pod. Seenisdibp
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and destruction rates were estimated by dividing the estintatal number of seeds dispersed or
damaged by the sample period. Where possible (e.g. wagh feods and good visibility) the proportion
of each fruit or pod dispersed or destroyed was estimatedmed and then divided by the sample

period to get the dispersal and destruction rates.

Pollination and flower destruction rates were also esédhapportunistically when visibility
was optimal. Pollination rates were estimated bynting the incidence of non-destructive contact with
the reproductive apparatus of flowers during the sample peFilmiver destruction rates were estimated
by dividing the number of flowers destroyed by the sample peridestructive flower predation was
confirmed through visual inspection following the observatioriopde For composite flowers (e.g.
Leguminosae and Combretaceae), the proportion of each flewexining undamaged was recorded
and pollination assumed after confirmation of pollen on thel legad beak of the foraging parrot.
Therefore, to determine the pollination rate these primgmeriwere summed and divided by the sample
period. Conversely, flower destruction rates for compostedis recorded the proportion of each

flower consumed or dispersed to the ground during flowetapien over the sample period.

Resour ce assessment

A total of 19 (300x20m) habitat line transects were estaldislinin the sample area (Bullock & Solis-
Magallenes 1990, Chapmahal. 1994, Renton 2001). Each habitat transects were mappedaselct
line maintained using a Garmin Quest GPS (Garmin 200&).us#d a stratified sampling design within
which three resource abundance line transects were ddpargach forest habitat type to obtain a
representative sample of resource availability (Renton 20@ye to homogeneity and high stand
density ofLonchocarpus nelsii sandveld only one transect was done in this forest haytet Due to
heterogeneity oAcacia-Combretum woodland, this forest habitat type was further stratifeechclude
Acacia-Combretum woodland dominated b@€ombretum imberbe, Combretum hereroense and Acacia
nigrescens.  Similarly, dry Mopane woodland was stratified to includg d#lopane woodland
dominated by trees under 4m in height (i.e. scrub Mopane), abowe Herght (i.e. cathedral Mopane)
and with multiple-storeys. For the estimation of hatbitide resource abundance, a habitat conversion
factor (HCF) was calculated by dividing the total foriesbitat area within the sample area by the total

area of resource abundance line transects in each fafasdt type.

Chapmaret al. (1992) found that diameter at breast height (DBH) predictat iumber and
biomass the best. DBH was measured for all trees over bb0Onndiameter using a large caliper

(Renton 2001). We estimated the proportion of the crownthathealthy and potentially productive to
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overcome variance due to poor canopy condition (e.g. finegal or elephant damage). Crown
condition (CC) was estimated using subjective visual assessama scored in increments of 0.2 from
0 — 1, whereby 0O represents a snag (i.e. dead tree) andesamsra full healthy canopy. Boyes and
Perrin (Chapter 4: Boyes and Perrin in review b). Werdsd tree species, DBH (cm) and CC (0-1)
for all trees on habitat transects. The observer veasigtdized for all transects and once-off subjective
measurements to maximize repeatability and precisionp(@anaet al. 1994). Therefore, we estimated
the relative productivity or resource abundance of a spéxic(RA) using the following index: RA=
DBH*CC;. RA for all trees of the same species on the three resalmogdance transects in each
habitat type were then summed to obtain transect-wid@vwelresource abundance for each tree species
within each forest habitat type (TW-RA TW-RA was then multiplied by the HCF to obtain an index
of habitat-wide relative resource abundance for eachsfreeies (HW-RA. Total relative resource
abundance of a specific tree species (JR#as estimated by summing all the HW-Ryalues.
Therefore, we estimated total relative resource abundimmnceach tree species using the following

eqguation:

7 [¢]
i=1 U=t

Where: i represents each food item; j represents eactahalpe; and k represents each tree on the

habitat transects.

Data analyss

Data could not be normalized. Kruskal-Wallis test wasdu® analyze differences in dispersal and
destruction rates among different food items and food itenstypdann-Whitney U-test was used to

test for significant differences between independent varigblgs consumption and wastage rates for
pods and fleshy fruits). Statistical analysis followadr@ and Keough (2002) and Zar (1984).

Relative impact of Meyer’s Parrots on seed dispersalevatiated using the Dispersal Value
Index (DVI). DVI was determined by dividing the differencetween the minimum projected total
number of seeds destroyed and dispersed over 12 months biathe mesource abundance index for
each tree species separately. The minimum projectaidiiomber of seeds destroyed over a 12 month
period (X) was determined by multiplying the estimated nurobseeds destroyed in 20 minutes by the
total number of feeding bouts. Minimum feeding bout darawas taken to be 20 minutes, as this was
the observation period used during data collection. Similtréy projected number of seeds dispersed
over a 12 month period (Y) was determined by multiplying thienated number of seeds dispersed in
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20 minutes by the total number of feeding bouts.  We tised the relative resource abundance to
generate an index to evaluate the relative impact or vdliseead predation for each tree species.
Therefore, DVI for each tree species was determined tisendollowing equation: DVI= (Y; — X)/
RRA.

Relative impact of Meyer's Parrots on pollination of diffiet tree species in the sample area
was evaluated using the Pollination Value Index (PVI). w&$ determined by dividing the difference
between the estimated total number of flowers destroy@d(i pollinated (N) over 12 months by the
RRA; of that specific tree species. Therefore, PVI fachetree species was determined using the
following equation: PVl= (N; — M))/RRA;.

DVI and PVI were used to evaluate the net benefit of seddflawer predation by Meyer’s
Parrots relative to resource abundance, whereby a positive walicates a positive contribution to
pollination or seed dispersal and the higher the positive gative value the more significant the

relative contribution of Meyer’s Parrots.

Results
Feeding activity

A total of 241 road transects were completed, including 88dihg sightings and 2473 feeding bouts.
The diet of Meyer’s Parrot observed in this study wasmiyi seasonal, comprising 47 food items
from 26 tree species in 12 families. Seed predation ateddor 62% of total feeding bouts, of which
42% were ripe seeds. Fig and insect predation were #tenust frequent accounting for 13% each.
Flower predation accounted for 10% of total feeding &gtiebserved over 12 months, and was
distinctly seasonal (August—October). Fruit pulp was coesunegularly as a by-product of seed
predation, but was never exclusively targeted. The tredespmost utilized by Meyer’'s Parrot was
Diospyros mespiliformis, followed by Kigelia africana, Combretum imberbe and Ficus sycomorus
(Table 1).

Rl ative resource abundance

Nineteen (300x20m) resource abundance transects included 1489 fide tree species with the
highest relative resource abundance in the sample arda.waspiliformis, followed bylLonchocarpus
nelsii, Colophospermum mopane andC. imberbe (Table 1). Seven forest habitat types were identified
along the road transect. Over 72% (= 380 ha) of the samgalenms forest habitat (Table 2).
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Table 1 Acronyms of food items recorded in the diet of Mey@&@srots, total feeding bouts for
each food item, relative resource abundance (RRAVhere: un = unripe seed; r = ripe seed;
f = flower; | = parasitic Lepidoptera larvaé; = Hemiptera and exudate; aled= parasitic

Coleoptera larvae).

Total
feeding
FAMILY Scientific binomial Acronym  RRAi X 10° Food item bouts
ANACARDIACEAE Sclerocarya birrea caffra SB 535 SBun 15
SBr 48
SBI 35
APOCYNACEAE Carissa edulis CE 12 CEr 10
BIGNONIACEAE Kigelia africana KA 410 KAf 141
KAun 61
KAr 111
BOMBACEAE Adasonia digitata AD 831 ADf 17
ADun 26
CAESALPINIACEAE  Guibourtia coleosperma GC 227 GCr 68
CLUSIACEAE Garcinia livingstonia GL 744 GLun 47
GLr 73
COMBRETACEAE Combretum hereroense CH 1612 CHc 108
Combretum imberbe Cl 2902 CIf 22
Cir 195
Terminalia prunoides TP - TPr 4
Terminalia sericea TS 502 TSr 82
TSc 72
EBENACEAE Diospyros mespiliformis DM 4794 DMun 210
DMr 131
D. lycoides lycoides DL 526 DLun 47
DLr 83
LEGUMINOSAE Albizia harveyi AlH - AlHr 17
Acacia erioloba AE 101 AEf 11
AEun 43
AEr 18
Acacia nigrescens AN 3114 ANf 74
ANun 26
ANr 56
Acacia tortilis heterocantha AT 49 ATf 12
ATr 8
Burkea africana BA 141 BAun 15
BAr 18
Colophospermum mopane CM 3591 CMI 88
CMh 29
Lonchocarpus capassa LC 1188 LCun 8
LCr 44
Lonchocarpus nelsii LN 3877 LNf 11
LNr 6
MORACEAE Ficus burkei thonningii FB 697 FBr 91
Ficus sycamorus FS 237 FSr 211
Ficus verruculosa FvV - FVr 12
MYRTACEAE Syzigium guineense SG - SGun 19
RHAMNACEAE Berchemia discolor BD 56 BDun 15
BDr 52
Ziziphus mucronata ZM 38 ZMun 8
ZMr 32
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Role in seed dispersal

Dispersal rates to the ground of ripe, undamaged seedsswgmificantly higher for Leguminosae and
Combretaceae pods than fleshy fruits (Mann-Whitney U-tést:41.5, Z = -2.01, p = 0.045) (Table 3).
There was no significant difference in dispersal raienfthe canopy when feeding on pods and fruits
containing a single seed and multiple seeds (Mann-WhitnestUie= 57.5, Z = 1.07, p = 0.286)
(Table 3).

The tree species with the highest projected minimum nurobeipe, undamaged seeds
dispersed to the ground by Meyer's Parrots included r@eroof magnitude)Ficus sycomorus, D.
mespiliformis, Diospyros lycoides lycoides, Berchemia discolor and Schlerocarya birrea caffra (Table
4). OnlyS birrea caffra benefitted marginally from seed predation by Meyer'sd@dirable 4). Based
on the DVI, impact of seed predation (in order of magnjtudas most severe foB. discolor,

Terminalia sericea, Garcinia livingstonia, F. sycomorus andD. lycoides lycoides (Table 4).

Potential secondary seed dispersal agents were recéwdeall food items consumed by
Meyer’s Parrots during this study, included: Impadpyceros melampus, Greater Kudulragel aphus
strepsiceros, Chacma babooPRapio ursinus, African Elephant_oxodonta africana and Tree Squirrel
Paraxerus cepapi during the day, and Porcupikystrix africaeaustralis and African CivelCivettictus
Civetta at night. Ants and termites, as well as Single-stridedsel.emmiscomys rosalia andRed Veld
Rat Aethomys chrysophilus, were also observed foraging in the leaf litter belogedr utilized by

Meyer’s Parrots

Role in pollination

Pollination rates were significantly different when fegdon different flowers (Kruskal-Wallis,sf =
29.79, p < 0.001), and were significantly higher when feeding on ctagtmwers (e.g. racemes) than
large pendulous flowers (Table 5). According to PVI, oftgcia nigrescens benefitted from flower
predation by Meyer's Parrots and the likely impact of floweedation on pollination (in order of

magnitude) was most severe farafricana, A. digitata, C. imberbe andAcacia erioloba (Table 6).
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Table 3 Destruction rates, dispersal rates and mean dimenfio2% food
items from 15 tree species (Where: S = seed). Acrorfigmi®od items on
Table 1.

Destruction rate Dispersal rate

(S/min) (S/min) (HxwW)
Food item n Mean = SE Mean + SE (mm)
Unripe seeds from fruits with multiple seed kernels
DMun 21 099 =+ 0.12 21x18
DLun 11 167 =+ 0.28 11x19
KAun 3 107 £ 0.03 30x80
Unripe seeds from fruits with one seed kernels
SBun 8 038 + 0.04 45x28
GLun 9 464 + 1.05 12x13
BDun 4 314 + 0.36 17x8
Ripe seeds from fruits with multiple seed kernels
DMr 18 167 =+ 0.23 0.80 % 0.10 24x22
DLr 21 328 + 0.28 157 + 0.15 13x20
KAr 17 017 + 0.03 + 750x150
Ripe seeds from fruits with one seed kernels
SBr 4 076 £ 0.15 0.60 + 0.14 50x30
GLr 12 321 + 031 069 + 0.11 15x12
BDr 7 29 + 031 0.74 + 0.16 19x10
Ripe seeds and pseudocarp from Moraceae
FS 20 023 + 0.03 059 + 0.09 30x26
Unripe seeds from Leguminosae pods (multiple seeds)
AEun 4 091 <+ 0.16 125x65
ANun 16 131 + 0.19 100x15
ADun 5 016 £ 0.02 110x32
Ripe seeds from Leguminosae pods (multiple seeds)
AEr 5 044 £ 0.05 0.36 * 0.04 120X50
ANr 16 131 + 0.19 0.86 * 0.14 140x15
Ripe seeds from Combretaceae pods
Clr 27 392 + 034 090 + 0.15 15x15
TSr 16 366 =+ 0.39 1.78 + 0.27 30x22
GCr 6 253 + 0.37 143 + 0.29 32x15
Insect larvae feeding on fleshy mesocarp of fruit
SB-L 10 * 045 £ 0.06 -
Insect larvae incubating in woody pod
CH-H 19 410 + 0.38 140 + 0.20 -
TS-H 11 6.39 + 0.85 253 + 0.42 -
CM-L 13 16.32 + 243 720 £ 1.23 -
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Table 4 Estimated net dispersal of ripe, undamaged seeds tgabed (corrected for consumption and
destruction) for 15 tree species over 12 months, and Dispexkst \hdex (DVI) (Where: S = seed). Box

indicates net dispersal benefit due to seed predatioronyms for food items on Table 1.

Destroyed Dispersed
Total Dispersal

Feeding RRA; x S/12 S/12 Net Index
Food item bouts 10° S/20min mnths S/20min  mnths  Dispersal (DVI)
African Ebony Diopsyros mespiliformis
DMun 210 28.4 5971.7 - -
DMr 131 4793.6 37.2 4875.5 17.3 2266.8 -8580.4 -1.8
Sausage Tree Kigelia africana
KAun 61 21.3 1301.3 - -
KAr 116 410.0 3.4 395.8 - - -1697.1 -4.1
Bird Plum Berchemia discolor
BDun 15 62.7 940.7 - -
BDr 62 55.5 59.1 3664.3 14.8 918.6 -3686.4 -66.4
Red Star Apple Diospyros lycoides lycoides
DLun 47 33.4 1568.3 - -
DLr 55 525.5 65.5 3604.0 314 1728.2 -3444.0 -6.6
Marula Sclerocarya birrea caffra
SBun 15 1.7 114.9 - -
SBr 48 15.1 726.0 12.0 576.0
SBI 35 535.0 - - 9.0 315.0 50.1
African Mangostene Garcinia livingstonia
GLun 47 92.8 4359.6 - -
GLr 73 744.2 64.3 4693.8 13.8 1006.9 -8046.4 -10.8
Sycomore Fig Ficus sycomorus
FS 211 2375 32.9 6947.4 22.0 4640.3 -2307.1 -9.7
Camelthorn Acacia erioloba
AEun 43 22.3 959.6 - -
AEr 18 101.4 8.7 156.6 7.2 130.1 -986.1 -9.7
Knobthorn Acacia nigrescens
ANun 26 26.2 680.2 - -
ANr 61 3114.4 26.2 1595.9 17.1 1043.4 -1232.8 -0.4
Leadwood Combretum imberbe
Clir 195 2902.3 78.4 15285.3 18.0 3515.8 -11769.4 -4.1
Large False Mopane Guibourtia coleosperma
GCr 68 226.9 50.6 3441.1 28.6 1946.0 -1495.1 -6.6
Silver Clusterleaf Terminalia sericea
TSr 82 73.3 6007.7 35.6 2917.1
TSc 72 501.9 127.8 9203.7 50.7 3649.5 -11562.0 -23
Russet Bushwillow Combretum hereroense
CHc 108 1612.1 82.0 8850.7 27.9 3015.6 -5835.1 -3.6
Mopane Colophospermum mopane
CMI 88 3590.7 326.5 28729.7 144.0 12675.7 -16054.0 -4.5
Baobab Adansonia digitata
ADun 26 830.8 3.2 83.2 - - -83.2 -0.1
TOTAL 114157 40345
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Table 5 Estimated destruction and pollination rate for five Bowpecies consumed by Meyer’s

Parrots. Acronyms for food items on Table 1.

Destruction rate Pollination rate
(FL/min) (FL/min) (HXwW)
Food item n Mean + SE Mean + SE (mm)
KAf 22 129 + 0.14 0.00 + 0.00 160x175 (cup-shaped)
ADf 5 073 + 0.15 0 + 0 100x120 (pendulous)
ANf 10 138 + 0.21 181 + 0.32 90 (raceme)
AEf 3 0.67 + 014 0.56 + 014 15X15 (balls)
CIf 7 2445 + 0.45 0.775 + 0.26 55x15 (axillary spikes)

Table 6 Pollination Value Index for five flower species consurhgdeyer’s Parrots (FL = flower).

Acronyms for food items on Table 1.

Potentially
Destroyed pollinated
Total Pollination
Feeding FL/20 FL/12 FL/20 FL/12 Index
Food item RRA; x 10° bouts min months min months (PVI)
KAf 410.0 141 26 3650 - - -8.9
ADf 830.8 17 15 249 - - -0.3
ANf 3114.4 74 28 2047 36.17 2677 0.2
AEf 101.4 11 13 148 11.29 124 -0.2
Cif 2902 22 49 1076 155 341 -0.3

When feeding oiK. africana andA. digitata flowers the base of the corolla was opened to drain
the nectar, destroying the ovaries and often causing thdactoolall to the ground. In addition, by
October when most of the flowers had been pollinated;eiWe Parrots removed any remaining petals,
drained the nectar and removed the seeds forming in theegvalEven bare ovaries developing into
fruit were targeted until they became too hard to opankly in January. There was no evidence of

pollen on head or beak during feedingkarafricana andA. digitata flowers.

Predation of Leguminosae and Combretaceae flowersAeragrescens, A. erioloba, Acacia
tortilis, Combretum imberbe andL. nelsii) was also destructive, whereby the florets were removedd an
manipulated by the tongue to remove nectar and pollen, howevell flotets were destroyed (Table
6). Pollen was noted on the head and beak of parrotsifgedi all Leguminosae and Combretaceae

flowers.
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Discussion
Net benefit to seed dispersal

There were no instances in which the Meyer's Parrot glayg role in endo- or epi-zoochory, and
therefore, played no direct role in seed dispersal beyondiaghe low probability that seeds they

accidentally dispersed from the canopy are consumed apdrded by potential secondary dispersal
agents to microhabitats suitable for germination and edtafdist. These probabilities are almost
impossible to compute and very few studies have examinedhff@tance of secondary seed dispersal

due to difficulties in monitoring this multistep prosg&ander Walkt al. 2005).

The observation of potential secondary seed dispersalsaigerdll food items established this
weak link between Meyer’s Parrot feeding activity andg$bexology, whereby a specific tree species
would experience net benefit from Meyer’s Parrot feedtgvity if more seeds were dispersed from
the canopy than were destroyed or consumed. In thetliterababoons are confirmed as dispersal
agents forD. mespiliformis (Liebermanet al. 1979), Impala and Greater Kudu facacia spp. seeds
(Miller 1996), and African elephants f& hirrea caffra, D. mespiliformis, T. sericea, A. erioloba, A.
nigrescens, A. tortilis, Guibourtia coleosperma, B. discolor and F. sycomorus (Dudley 2000), thus
corroborating this link and the applicability of R¥hd DV|.

Under the assumption of the incidence of effective secondag dispersal, onlys birrea
caffra benefitted marginally from Meyer’'s Parrot feeding atyivi This was due to Meyer’'s Parrots
seeking Red Marula caterpillar$igssidia nigrivenella (Lepidotera,Pyralidae)) under the skin of the
fruits (Chapter 2; Chapter 9: Boyes and Perrin in reviewhe)s dispersing significant numbers of
undamaged seeds to the grourfsthlerocarya birrea caffra likely exhibits elephant-dependent seed
dispersal mutualism (Dudley 2000) and Meyer’'s Parrots couldlamept the number of fruits
dispersed to the ground by elephants. Predation opeuBribirrea caffra seed kernels by Meyer’'s
Parrots functioned to reduce the net benefit from this nanudéise dispersal of fruit from the canopy.
Due to low RRA and high destruction rates, feeding activity Bandiscolor fruit may be significant
enough to influence its spatial distribution and abundaiibe. absence of Meyer’s Parrots would likely
have a positive influence on the recruitment of this g3day increasing the probability those dispersal
agents, implicated in endo-zoochory (e.g. Vervet monkeysopithecus pygerythrus and Grey Lourie
Corythaixoides concolor), consume the fruits. All other fleshy fruits most selyeaéfected by Meyer’s
Parrot seed predation had small seeds (i.e. les6thamin diameter), and thus are likely dispersed by
diurnal avian frugivores (e.g. starlingsamprotornis spp.) and Peter's Epauletted Fruit Bats
Epomophorus gambianus crypturus. Any reduction in seed load by Meyer’s Parrots wouldnbdiriect

competition with these plant-targeted dispersal agantsthus have a negative effect on dispersal and
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probability of recruitment of that tree.  Overall, MégdParrots were estimated to consume or destroy
almost three times more seeds than they dispersi tground, and thus their function as significant
pre-dispersal seed predators far outweighed any primadydispersal to the ground. Meyer’s Parrots

likely have a negative impact on recruitment of fruit-begatiees in the Okavango Delta.

Consumption of Combretaceae and Leguminosae pods is commabpaorots in thé>. meyeri
superspecies complex studied thus far (Massa 1995; Setrahr2002, Taylor & Perrin 2006) and the
Yellow-faced Parrot (Boussekey al. 2002). Combretaceae pods (eCg.imberbe) are dependent on
wind-dispersal, and therefore, primary dispersal of imelamaged seeds from the canopy by Meyer’'s
Parrots was unnecessary. The high destruction rate of Cacdse seeds may also be insignificant
due to the extremely high seed load on these treesuniiegus pods are an important food resource in
most parrot communities around the world, includfgazona andAra spp. in the Amazonian forest
(Gilardi & Munn 1998), Lilac-crowned Parratgnazona finschi on the Pacific coast of Central America
(Renton 2001), and Scaly-headed ParfRitsnus maximiliani in a semi-deciduous forest in south-
eastern Brazil (Galetti 1993). No Leguminosae tree epeexperienced net benefit to seed dispersal
from Meyer’s Parrot seed predationAcacia erioloba andA. tortillis are indehiscent, and Meyer's
Parrots facilitated the premature opening of these podsydyaetshown to destroy more seeds than they
potentially dispersed to the ground. Dehiscent podshéndiet of Meyer's Parrots, including.
nigrescens, A. hebeclada and Albizia harveyi, facilitated their own dispersal, and therefore, aagd

predation was counter-productive.

Net benefit to pollination

Meyer’'s Parrots play a predominantly counter-productive molgollination, whereby all flower
predation was destructive and pollination of LeguminosaeCamibretaceae florets was subject to part
of the inflorescence remaining. Pollen on the head ankl th@ang predation of Leguminosae and
Combretaceae florets established the link with pollinatibhey were, therefore, found to play a minor
role in the pollination of several Leguminosae and Combeeata flowers that seasonally occur in their
diet, including: A. nigrescens, A. erioloba, andA. tortilis. Other tree species in the diet of Meyer’s
Parrot that could potentially benefit include hebeclada, C. imberbe, L. nelsi, andC. hereroense
(Chapter 2). Flower destruction rates, however, far outweigihechumber of flowers potentially
pollinated during feeding activity, except in the casé\ohigrescens which was the most important

Leguminosae flower in their diet.
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Far more important in the diet of Meyer's Parrot wKreafricana and A. digitata flowers,
which have large pendulous flowers (up to 15cm in diametelyladapted for pollination by specialist
pollinators such as Peters’ Epauletted Fruit Bat (Taylor 200@gters’ Epauletted Fruit Bats still
remove the corolla of thK. africana andA. digitata flowers when extracting nectar, but using their
long snout and tongue suited to nectar extraction, they do matggathe reproductive apparatus of the
flowers (Taylor 2000; Boyepers abs.). Due to high flower predation, no contact with reproductive
apparatus, high predation of seeds forming in the ovanedsloav RRA, the relative impact of Meyer’s

Parrots on the pollination &. africana flowers was almost 30 times greater tharhodigitata flowers.

Meyer’s Parrots, like most parrots, are charactealtyiorery powerful, destructive foragers,
and thus flower adaptations for specialist pollinators lpawgen to be counter-productiv&ucal yptus
flowers pollinated by Purple-crowned Lorike&isossopsitta porphyrocephala (Hopper & Burbridge
1979) have an open inflorescence similar to LeguminosaeCamdbretaceae florets. Similarly,
Erythrina fusca flowers pollinated by two Neotropical parrot speciest{@o02001) have relatively open
flowers offering access to pollen and nect&rythrina fusca flowers were, however, destroyed by five
other Neotropical parrots species, demonstrating that caitepitowers with open florets are optimal
for pollinations by parrots. Any restrictions to accefisencourage parrots to destroy the reproductive

apparatus of the flower to gain access to pollen and nectar

Overall, Meyer’'s Parrots play a counter-productive role olliation and based on lack of

adaptations for nectivory (e.g. longer tongues) in dBoerephalus, the same is likely true for them too.

Implications

Two important points emerge from this study. First, fegdactivity by Meyer's Parrots is likely
counter-productive to pollination, seed dispersal andstorecruitment in subtropical Africa, whereby
only Schlerocarya birrea caffra benefited marginally from seed predation, and only tpseises with
composite flowers (e.ghcacia nigrescens) likely benefitted marginally from flower predation. $ed,
Meyer’'s Parrots are powerful destructive foragers with nouatistic relationship with any plant
species and are able to bypass specialist plant adaptetigusilination (e.g. large pendulous flowers)
and seed dispersal (e.g. hard indehiscent pods and seeld)keere work is required on the role of
other large frugivores in primary dispersal from the focestopy to fully appreciate the significance of

seed predation by Meyer’s Parrots on forest recruitingiie Okavango Delta.
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Chapter 7:

Daily activity pattern of Meyer’s Parrot (Poicephalus

meyeri) in the Okavango Delta, Botswana’

Abstract. Most parrots from Africa, Australasia and the Neotrspiave bimodal daily activity patterns due
to physiological restrictions (e.g. limited crop sizelaligestive requirements) and climatic constraints (e.g
seasonal temperature fluctuations). We monitored tigflight, feeding and non-feeding activity patterns of
Meyer’s Parrots Foicephalus meyeri) over 24 months at two study sites for correlatiorthwelimatic
conditions (e.g. ambient temperature) to extend this géeragran. Nutritional value of food resources was
compared to consumption rates to determine the timeiregfjto achieve basal daily protein and energy
requirements. Daily feeding activity patterns were gihprcorrelated with seasonal ambient temperature
fluctuations, demonstrating avoidance of high and lowperatures. Feeding activity between 08h30 and
11h00 was likely obligate, while feeding between 16h00 and 18h8G&asonally required to achieve daily
protein requirements. Daily protein and energy requiremenésn consumption rates for available food
resources, digestive requirements in the middle of theatay fixed crop size likely facilitated the observed
bimodality in the daily feeding activity pattern. Thienbdal daily flight activity pattern was a function of
communal roosting. Breeding activity had no significampact on the feeding activity pattern at population
level. All Poicephalus parrots likely have bimodal activity patterns due teirtldaily protein and digestive
requirements. Most parrots are likely constrained irr ithegily activity patterns by similar physiological and
climatic factors. Surveying feeding Meyer’s Parratsaeen 08h30 and 11h00 in representative habitat types

would yield a useful index of relative abundance betwetereit locations and over time.

Introduction

Understanding the daily activity pattern of parrots is irgo@ in estimating population size and

dynamics (Cassagrande and Beissinger 1997). To maximizdaiejisaand precision and detection

probability of parrots requires an understanding of breeding s#égdine. females in nest cavities

during breeding season), mobility of individuals (i.e. enuth@gaindividuals twice due to high

! Formatted foEmu — Austral Ornithology, Royal Australasian Ornithologidtinion: Boyes and Perrin (in
review) Daily activity pattern of Meyer’s ParriBbicephalus meyeri in the Okavango Delta, Botswana.
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mobility), and animal behaviour (e.g. counting during thddia of the day when parrots are hidden in
canopy) (Collinson 1985; Cassagrande and Beissinger 1997; Marsden 18@@y by their bright
colours and conspicuous contact calls, most studies dafdy activity patterns of parrots indirectly
from survey data on their flight activity, (Marsden 1999;r8a-Melgoza and Renton 2005). Survey
data on flight activity patterns of parrots have threpdrtant sources of bias, including bias towards
sighting large flocks departing and returning to communalksd@ilardi and Munn 1998), bias towards
above-canopy flight characteristics of large flocks (@dan 1999), and varying detectability of
individuals at certain times of the day (Salinas-Melgazd Renton 2005). Marsden (1999) cautioned
that structural habitat characteristics could aldcoduce bias, whereby flight activity surveys may
overestimate the importance of disturbed habitat. Hereewatuated daily flight, feeding and non-
feeding (e.g. socializing or roosting) activity patterasascertain time period and daily activity best

suited to estimating Meyer’s Parifévicephalus meyeri population dynamics between locations.

African deforestation rates are the highest in the woddd all Poicephalus parrot
metapopulations are likely near-threatened by habitataloedghe compounding influence of the wild-
caught-bird trade (Chapter 12: Boyes and Perrin in revieiRajge reduction has been recorded in all
Poicephalus parrots studied and surveyed in southern Africa (Boyes 2006a,ipteChE?). Most
records of the population status of other Poicephalustpgre-date the chronic loss of forest cover in
over 20 range states (Chapter 12). Therefore, it is a catieerpriority to derive census techniques
with high repeatability and highest probability of encounteRaicephalus parrots and other African

parrots.

Meyer’s Parrots are the smallest of fPacephalus parrots and have the widest distributional
range of anyAfrican parrot, extending throughout subtropical Africa fromtim@astern South Africa to
the southern Sudan (Snow 1978; Forshaw 1989; Juniper & Parr 1998)e &reesixP. meyeri
subspecies, of whicR. m. damarensis andP. m. transvaalensis are reported to overlap in the Okavango
Delta. They form a superspecies with six of the maeephalus species (Snow 1978; Rowan 1983).
Meyer's Parrots are generalist pre-dispersal seed predatdrtrack food resource availability within a
wide suite of potential food item, including ripe andipe seeds, figs, arthropod larvae, fruit pulp, and
flowers (Chapter 2: Boyes and Perrin in review b). Their bngesieason is predominantly during the

winter dry season between February and July (Chaptery@&sBand Perrin in review c).

All Poicephalus parrots studied thus far have bimodal daily flight actiyatterns, whereby
flight activity peaks in the early morning and late aft®mn (Skead 1964; Massa 1995; Wirminghetus
al. 2001; Boussekest al. 2002; Symes and Perrin 2003; Taylor and Perrin 2004). Bimpdiald also
been reported in the daily activity patterns of Neotroppzatots (Snydeet al. 1987; Lindseyet al.
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1991; Pittier and Christianson 1995; Cassagrande and BeissingerPig9& al. 1997; Gilardi and
Munn 1998; Salinas-Melgoza and Renton 2005; Masglla. 2006), Australasian parrots (Marsden
1999; Marsden and Fielding 1999; Robieetl. 2003; Cameron 2005), Mexican parrots (Renton and
Salinas-Melgoza 1999), and other African parrots Hsetacus andAgapornis) (Chapman et al. 1989;
Warburton and Perrin 2005; Nditkia and Perrin 2006). Avoidahteat stress in the middle of the day
and breeding activity, have been put forward as physiologgebrs contributing to this bimodal
activity pattern (Gilardi and Munn 1998; Cameron 2005; Salinagd2a and Renton 2005). Cameron
(2005) found that Glossy Black Cockato@alfyptorhynchus lathami) responded to high temperatures
exceeding 38 by ceasing feeding and moving to shade. A digestive pasatgéor avian seed
predators estimated at between 40-100 minutes (Klasing 1998) rigegssitates secondary roosting
during the middle of the day (Salinas-Melgoza and Renton 200Bjetary protein and energy
requirements in relation to consumption rates for abksldood resource and fixed crop size are
physiological constraints that may significantly influence taly activity pattern (Klasing 1998;
Symes and Perrin 2003). Due to the high protein and energy tohtéeir food resources bimodality

is likely unnecessary foPoicephalus parrots (Symes and Perrin 2003; Taylor 2002). The primary
objective of our study was to evaluate the influence ofimhggical constraints on the daily feeding
activity patterns of Meyer’s Parrots to better understml behaviour in the sub-family Psittacinae
(Peters 1940).

Rainfall seasonality and food resource availability hbeen put forward as environmental
factors that significantly impact daily activity patier(Cameron 2005; Salinas-Melgoza and Renton
2005). In the African subtropics, wheReicephalus parrots predominate, there are distinct seasons
with substantial fluctuations in temperature, rainfall doodd resource availability (Gautier-Hion &
Michaloud 1989; Wirminghauet al. 2001). Based on dietary studies of African parrots thecte#
evidence that all three continental genera track resoan@@lability (Chapmanet al. 1993;
Wirminghauset al. 2001; Selmart al. 2002, Symes and Perrin 2003; Taylor and Perrin 2006; Chapter
2). The secondary objective of our study was to evathatenfluence of environmental factors on the

daily feeding activity patterns of Meyer’s Parrots.

Methods
Sudy population

Our study population was the significant Meyer’s Parrot pdjpman the Okavango Delta, Botswana

(Wirminghaus 1997). The study was conducted at two sitesidivutiki Island located in the north-
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eastern part of the delta, and Mombo Camp off tihern peninsula of Chief's Island (Figure 1).

Both study sites were wilderness areas with limtiedhan impact or disturbance to habitat or animal
behaviour. All representative forest habitat typese identified at Vundumtiki and Mombo between
July 2003 and August 2004 when formal data colbectiommenced.

[ I I | | | | |
AMohembo ~ 22°15’ 22°45' 23°15°

* -

— 18930’ : -

? ZF 4? 6? ST 1(10 km

Vundumtiki Island

Mombo Camp

—19°00’

—19°30’

l | il | I

Figure 1. Map of the Okavango Delta showing area of inuodaduring flood season and location of Vundumtiki
and Mombo
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Climatic conditions

Climatic conditions in the Okavango Delta are distinségsonal, comprising a wet season (November—
March) and dry season (Apri—October). Mean annual thirfa450-560mm (Elleryet al. 2003;
Wolski and Savenije 2006). During the annual flood the area abbgrevater expands from its annual
low of 2500-4000kim (February—March) to its annual high of 6000—12000kAugust—September)
(Figure 1). Arrival of the annual flood lags the rainy seaand follows one or two months after the
end of rainfall in the region (Gumbricétal. 2001; Elleryet al. 2003).

Rainfall was monitored daily using a rain gauge over thieeestudy period. The extent of the
flood was monitored using flow rate data from Mohembo, aetiteance of the panhandle (Figure 1),
and calibrated to the study sites by recording first dgmit increment in water level on a measuring
pole in permanent water as the start of the flood atgtaly site. Daily minimum and maximum

temperatures were recorded in the shade at VundumtikViantbo using a capillary thermometer.

DALLAS Thermochron data loggers (Fairbridge Technologies 2006¢ weed to measure
daily ambient temperature fluctuations. Mean + SE glotslaily ambient temperatures were generated
for different time intervals (e.g. 30min, 40min and 50n@w¢r three months to identify an interval that

best represent daily temperature fluctuations.

Sampling design

Data collection was conducted at Vundumtiki from August 2004utgp 2005 and February 2007 to
August 2007, and at Mombo from August 2005 to January 2006. Omgdetessation of breeding

activity was also monitored over this period.

At Vundumtiki: To standardize spatial distribution of MegeParrot feeding observations, the
total sample area was defined as the area 100m eitheofdide 26.2 km standardized road transect.
The same observer and vehicle travelling at 15-20 km/h withpan top were used for all road

transects.

At Mombo: Due to time constraints and logistical difftees a standardized road transect was
not established, however, vehicle travelling speed, obsdrasmsect width, sampling frequency, and
transect duration were standardized to the regime usédnalumtiki. Feeding census duration in the
Mombo area was limited to two and a half hours after diepafrom camp. This was the average time

taken to complete the Vundumtiki census route.
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Road transects were conducted five times a week on diffelears from start to finish. A
systematic sampling strategy was used for the tempatalbdition of feeding observations, whereby
six daytime temperature time periods were establishefdr(to Climatic conditions). Road transects
were conducted in all six time periods before a spetifie period was sampled again. The road
transects conducted in both study sites were representitthe Okavango Delta system, as all forest
habitat types outlined by Ellery and Ellery (1997), Roodt (1998) Ellery et al. (2000) were

represented at Vundumtiki and/or Mombo.

Feeding activity pattern

Feeding activity pattern was monitored by direct observationhe field. Meyer’s Parrots are lingual
feeders (i.e. vocalize constantly during feeding), and these wdetected by following their
vocalizations. The following data were recorded at eggifitisg: time of day, location, habitat type,
tree species, food item type, and number of feeding botieeding bout was defined as an individual
within a flock, or solitary, feeding on a specific foteim. Food item types were described according to
the tree species and classified according to the part me@asand fruiting stage, and included: ripe (r)
and unripe (un) seeds from fruits or pods; flowersg$gudocarp and seeds of figs (p); and fruit pulp
from fleshy fruits (fr). Arthropod food items were cléigsl according to the host tree species and their
family, and included: parasitic Hemiptera larvae figrasitic Lepidoptera caterpillars (l); and parasitic
Coleopteran larvae (c). Arthropod food items were ifiedtiby inspecting all potentially-infested
dietary (e.g. pods and fruits) and non-dietary (e.g. barkeane$) food items consumed or inspected by
Meyer’s Parrots over the study period. Tree nomenclatuoenvetl Van Wyk and Van Wyk (1997) and
Palgrave (2002).

Flight and non-feeding activity pattern

Flight activity and non-feeding activity, including roostinghheiour and socializing, was monitored
during road transects. The following data were recordiede of day, location, habitat type, flock size

and signs of heat stress (e.g. panting and drooping wings).

Fruit consumption rates

Fruit consumption rates were estimated on road trans@itservation time was limited to 20 minutes

due to time constraints in completing the road transdddyes and Perrin (Chapter 2) found that
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Meyer’s Parrots consumed fruit pulp predominantly as a byprafusted predation (i.e. consuming
fruit pulp while extracting the seed kernel). Therefore, eonsion rates were estimated for both seeds
and fruit pulp. All observations were made with a 30x spgtsicope when visibility was optimal. The

same observer was used for all observations.

Mean consumption rate (C) was calculated for each sgbty dividing the multiple of the total
number of food units consumed (n) by the sample period (t). f@adeunit was either all the seeds in a
fruit or pod or all the fruit pulp. The sample period wasslbngest period possible within the 20 minute
observation period. Parrots frequently waste food madteuring feeding activity (Symes and Perrin
2003). Therefore, at each sighting we estimated the megoortion of seeds (EMPand fruit pulp
(EMPy) consumed in increments of 0.1 between O - 1, whereby conmguoné food unit meant feeding
on all the seeds inside a pod or fruit or all the fruit pulprom this, we could estimate mean
consumption rate for seeds and fruit pulp at each sighting tisenfpllowing equation: C= (n x
[EMPs or EMR])/tj, where pis the number of fruit consumed in observation periowjere possible
the proportion of each seed consumed was estimatashthiabservation during feeding or subsequent
inspection on the ground, and the number of seeds consumecdeddjustr analysis, fruit handling

times were then taken as the inverse of the fruit consamgte.

Daily dietary requirements

Daily metabolizable energy requirements (E) of a fre@j\adult parrots from body weight (BW) was
determined using the following equation: £ 959*kgBW""® (Koutsoset al. 2001). Koutsogt al.
(2001) derived equations from estimates of basal metaboliamdtactivity costs (Buttemer et al. 1986;
McNab 1988; Williamset al. 1991). Median body mass for male Meyer’'s Parrots (=121€hgyted
by Rowan (1983) was used in our study. Therefore, the dailygyemeguirement of a free-living
Meyer’s Parrot is 205.48 kJ day

Daily protein requirements (P) for maintenance of artadale Meyer’s Parrot from BW was
determined using the following equation; 3489*kgBW*® (Klasing 1998). Therefore, the daily

protein requirement of a free-living Meyer’s Parrot is 1024g day.

Nutritional analyses of the different food items were dopeSklmanet al. (2002), Taylor
(2002), Symes and Perrin (2003), and Ndithia and Perrin (2006) stsindardized methods (Helrich
1990). Dry weight was obtained from samples (n = 20) of de&ds from the study site.
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Data analyses

Kolmogorov-Smirnov (K-S) and Lilliefors tests were usedtést for normality. Spearman rank
correlations 1) were used to test for relationships between totallrar of feeding bouts in each time
period and mean temperature, rainfall, flood level, and notiamber of food item available each month.
Mann-Whitney U-tests were used to look for significarftedences in daily feeding activity between
Vundumtiki and Mombo, and between the breeding and non-breedasprse The Bonferroni
procedure was used to adjust significance levels to contrpé Ty error rates in multiple testing
situations. Kruskal-Wallis ANOVA was used to test figngficant difference between monthly feeding
activity in the six time periods. Statistical analy$ilowed Quinn and Keough (2002) and
STATISTICA 7.1 (Statsoft (USA) 2006). Mean consumptiongatere related to nutritional value and
estimates of daily protein and energy requirements to ctdoesdimated time required per day for free-
living Meyer’s Parrots to achieve these dietary requamrasy Probability of encountering Meyer’s
Parrots in flight, feeding and engaged in non-feeding acti\(#igs roosting) at the population level was
estimated as the proportion of the total observations atengtandardized road transect over 24 months

and between different time periods.

Results
Time periods

We established six distinct periods of daytime temperaforeanalysis of daily activity patterns,
including 06h00-08n30 (a); 08h30-11h00 (b); 11h00-13n30 (c); 13h30-16hABLMYN-18h30 (e); and
18h30 to sunset (f) (Figure 2).

Daily activity pattern

Over the 24-month study period, 480 road transects were deahplduring which a total of 5047
parrots were observed feeding, 1568 were observed roosting alizogj and only 984 were observed
in flight (Figure 3). Sighting frequency was significanttygher at Mombo (u = 12.14) than
Vundumtiki (1 = 10.02) (U =5.0; Z = -3.27; p-level = 0.001). hiigy frequency was also significantly
higher during the non-breeding season (u = 11.23) than breeding seas8r88) (U = 28.0; Z = 2.54;
p-level = 0.011) (Figure 3).

Due to lack of relief in the landscape and below candgitfbehaviour, Meyer’s Parrots were
only observed in flight when crossing the road transecta/hwn flying over open floodplains or
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grasslands. Flight activity was bimodal and peaked inediréy morning (33%; n = 323) and late
afternoon (39%; n = 375) prior to and after feeding actitgure 3).
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Figure 2. Mean = SE daytime ambient temperature fluctuationsrded usingemperature data loggers

to illustrate temperature fluctuations within differeméei periods between March and June 2007.
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Non-feeding activity was trimodal (Figure 3) and focussegramary and secondary roosting
behaviour in conjunction with socializing at morning afigraoon activity centres. Activity centres
were typicallyCombretum imberbe or Acacia nigrescens snags (i.e. dead trees) in an east-oriented forest
gap with good sunlight. Activities during socializing, um¢d preening, allo-preening and frequent and
synchronous vocalizations. Over 41% (n = 639) of non-feeding tyctvais observed between 16h00
and sunset when Meyer’s Parrots were preparing foringoffigure 3). After socializing at morning
activity centres, Meyer's Parrots dispersed in pairs fferdint directions. During feeding they
gradually aggregate due to vocalizations and informatiamisg, resulting in small flocks gathering at
secondary roosts during the middle of the day. Non-feedingtgdivwing the middle of the day was

hard to monitor due to cryptic way in which Meyer's @& utilize secondary roost sites.

Over 39% (n = 1992) of feeding activity was observed betweeB00&hd 11h00, with a second
peak comprising 19% (n = 956) of total feeding bouts between 1&A8nh30 (Figure 3). There was
a significant difference between monthly feeding activitythe six time periods (Kruskal-Wallis
ANOVA: H (5, N= 144) =87.711; p < 0.001) (Figure 3).

Environmental factors

Eleven primary forest habitat types representative oh mbtidy sites were identified, including:
Riverine forest; Acacia-Combretum marginal woodland;Diospyros lycoides marginal woodland,;
Hyphaene petersiana woodland;Lonchocarpus nelsii sandveld;Acacia erioloba sandveld;Terminalia
sericea sandveld;Acacia tortilis sandveld;Phoenix reclinata thickets; and-icus verruculosa thickets.
Lonchocarpus nelsii sandveld and\cacia erioloba sandveld were only represented in the Vundumtiki
study area, whileAcacia tortilis sandveld,Hyphaene petersiana woodland andPhoenix reclinata
thickets were only represented in the Mombo study arBecus verruculosa thickets were only
represented along channels in both study areas. Althougtrowvan with empirical data, the habitat
mosaics at Vundumtiki and Mombo were significantly diégf@r The study sites were representative of
the Okavango Delta system, as all forest habitat typéghed by Ellery and Ellery (1997), Roodt
(1998) and Elleryet al. (2000) were represented at Vundumtiki and/or Mombo Howeverpmhe
significant difference between feeding activity patterndviambo and Vundumitiki were recorded
between 08h30 and 11h00.
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There was a significant difference in feeding activityngen 08h30 and 11h00 at Vundumtiki
and Mombo over the same period (Table 1). Breeding actividynbasignificant influence on feeding
activity at any time of day; however, if Bonferonni is igeabr the results indicate that Meyer’s Parrots
had to feed more between 13h30 and 16h00 during the breedsanselhere was no clear correlation
between the feeding activity pattern and monthly rainfal low rate of the flood (i.e. degree of
inundation) (Table 2; Figure 4). There was, however, a signifi negative correlation between
monthly rainfall and feeding activity between 11h00 and 16ma0lé 2).

Table 1: Mann-Whitney U-test results comparing daily feedingvagt between
Vundumtiki and Mombo, and between the breeding and normhHbigeeseason
(Significant at p < 0.0083 due to Bonferonni procedurearfoltiple testing)

VUNDUNTIKI vs MOMBO BREEDING vs NON-BREEDING

Time period U Z p-level U Z p-level
06h00-08h30 23 2.07 0.039 30 2.34 0.019
08h30-11h00 7 -3.13 0.002 69.5 -0.03 0.977
11h00-13h30 47.5 -0.43 0.665 44.5 -1.49 0.135
13h30-16h00 49.5 0.30 0.764 32 -2.23 0.026
16h00-18h30 51 -0.20 0.841 57.5 0.73 0.464
18h30-Sunset 47 -0.47 0.641 41 1.70 0.089

Table2: Spearman Rank Correlationg) orrelating monthly rainfall (mm), flood flow rateusecs) and number
of food item available that specific month with total numiifefieeding bouts in each time period month-to-month
(Significant at p < 0.0083 due to Bonferonni procedurerfoltiple testing)

RAINFALL FLOOD FOOD ITEM AVAILABILITY

n s t(n-2) p-level s t(n-2) p-level rs t(n-2) p-level

06:00_08:30 24 0.376 1.903 0.070 -0.050 -0.235 0.816 0.238 1.148 0.263

08:30_11:00 24 -0.080 -0.379 0.709 -0.182 -0.870 0.394  -0.162 -0.770  0.449
11:00_13:30 24 -0.607 -3.581 0.002 0.272 1.324 0.199 ‘ -0.564 -3.204 0.004 ‘

13:30_16:00 24 -0.697 -4.556 <0.001 | 0.481 2.577 0.017 -0.483 -2.590 0.017

16:00_18:30 24 0.468 2.486 0.021 0.143 0.676 0.506 ‘ 0.623 3.738 0.001 ‘
18:30_06:00 24 0.311 1.532 0.140 -0.296  -1.456 0.160 0.100 0.473 0.641
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There was a significant negative correlation between lmhofdod item availability and feeding
activity between 11h00 and 13h30, and a significant positiveclation between availability and
feeding activity between 16h00 and 18h30 (Table 2). As cardreia the regular pattern between
years, the feeding activity pattern of Meyer's Parross wistinctly seasonal (Table 3), including 71
food items from 37 tree species in 16 families (Chapter Gjewia spp., Albizia harveyi, Acacia
hebeclada and A. sieberiana were omitted from the feeding activity pattern due to fosguency in
their diet. Acacia tortilis seeds and flowers, unripty/phaene petersiana nuts,Phoenix reclinata fruits,
andDichrostachys cinerea seeds and flowers were likely under-sampled, as thesgpeees were rare
at Vundumtiki and abundant at Mombo, where their fruiting doadring period (February to July)

was not sampled.

Feeding activity between 11h00 and 16h00 had a significant negatiredation with ambient
temperatures over the entire study period (Table 4), whereltemperatures increase feeding activity
decreases (Figure 4). Over this period feeding activitpwlistopped when maximum temperatures
rose to between 86 and 40C (Figure 4). There were, however, no signs of heat smelskeyer’s
Parrots roosting during the middle of the day. There wersignificant correlations between feeding
activity between 08h30 and 11h00 and ambient temperatures(#abFeeding activity between 18h30
and sunset was positively correlated with tempergflable 4), which was positively correlated with
day length (f= 0.837; n = 24; t(n-2) = 4.82; p < 0.001). Similarly, feedingvity between 06h00 and
08h30 was positive correlated with mean ambient temperdiiable 4). There was no correlation
between feeding activity in the early morning and day lertgt= 0.557; n = 24; t(n-2) = 2.12; p <
0.0594).

Physiological factors

Our study demonstrated that feeding on any food resource it taggsr’®Parrots 10—90 minutes to
achieve field metabolic energy requirements, and 5-43 mirtoteachieve basal metabolic protein

requirements (Table 5).
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Chapter 7: Daily activity pattern of Meyer’s Parrot
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Figure 4: (a) Rainfall and flood seasonality; (b) Percentats feeding bouts in each time period; (c) Mean

daily ambient temperatures at Vundumtiki and Mombo over @4tins.
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Chapter 7: Daily activity pattern of Meyer’s Parrot

Table 40 Spearman Rank Correlationss)(rcorrelating mean monthly maximum, median and minimum
temperatures®C) with total number of feeding bouts in each time mkemoonth-to-month (Significant at p <
0.0083 due to Bonferonni procedure for multiple testing —fognit correlations highlighted).

MAXIMUM TEMPERATURE MEAN TEMPERATURE MINIMUM TEMPERATURE
n s t(n-2) p-level s t(n-2) p-level rs t(n-2) p-level

06:00_08:30 24 0.318 1.573 0.130 ‘ 0.606 3.570 0.002 ‘ 0.425 2.201 0.039
08:30_11:00 24 0.185 0.882 0.388 -0.217  -1.045 0.308 -0.206  -0.985 0.335
11:00_13:30 24 -0.703  -4635 <0.001 | -0.685 -4.412 <0.001 | -0.717 -4.823 <0.001
13:30_16:00 24 -0.791 -6.062 <0.001 | -0.726 -4.949 <0.001 | -0.691 -4.482 <0.001
16:00_18:30 24 0.230 1.108 0.280 0.408 2.098 0.048 0.546 3.054 0.006
18:30_06:00 24 0.592 3.449 0.002 0.562 3.183 0.004 0.315 1.554 0.134

Table 5: Number of food items and handling time required to fulfilhimum protein and energy
requirements from different food items (Sources: (1) Taf2002); (2) Selmast al. (2002);( 3) Banjcet
al. (2007); and (4) Symes and Perrin (2003)) — Acronyms ineThbl

Fruit
) ) ) handling )

Food item Energy Protein DM Energy Protein time Energy Protein

(FI) (KJ/g) (%) Source (9) (n) (n) (Seconds) (min) (min)
Seeds from Combretaceae pods
TPr 25.267 42.54 2 0.07 116 34 31.84 61.65 18.25
TSr 25.267 42.54 * 0.06 136 40 31.84 71.92 21.29
Clr 19.817 20.81 2 0.05 207 98 26.51 91.62 43.49
Seeds from Leguminosae pods
AEun 18.00 45.62 2 0.48 24 5 74.13 29.38 5.78
ANr 18.00 45.62 * 0.28 41 8 132.47 90.01 17.70
Ripe seeds from fruits
DMr 28.616 26.00 4 0.79 9 5 68.96 10.45 5.73
DLr 28.616 26.00 * 0.32 22 12 35.19 13.16 7.22
ZMr - 44.80 2 0.15 - 15 37.07 - 9.42
SBr 31.184 31.53 4 6.2 1 1 768.00 13.60 6.71
Fruit pulp only
DMfr 15.49 1.28 1 3.2 4 25 271.54 18.76  113.17
SBfr 16.44 1.77 1 8.4 1 7 626.57 15.54 71.94
Ripe seeds and pseudocarp from Moraceae
FS 17.055 8.10 2 2.8 4 5 265.27 19.02 19.97
Parasitic insect larvae
CH-H - 28.42 3 0.12 - 30 53.57 - 26.82
CM-L - 28.42 3 0.12 - 30 48.60 - 24.33
TS-H - 28.42 3 0.15 - 24 41.14 - 16.47
SB-L - 28.42 3 0.51 - 7 222.06 - 26.15

*Extrapolated from congener
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Discussion

Physiological factors contributing to bimodality in daily activity pattern

Symes and Perrin (2003) put forward that, due to the high pratelnenergy content of their food
resources, feeding activity in the morning was likely sigficto support the daily dietary requirements
of Grey-headed Parrotdicephalus fuscicollis suahelicus). Similarly, Taylor (2002) found that
Brown-headed Parrotd( cryptoxanthus) could sustain their field metabolic rate by feeding for 30
minutes on any food resource. It is, therefore, unlikelyttiege pre-dispersal seed predators require a
bimodal feeding activity pattern. Similar to juvenile kclarowned ParrotsAmazona finschi) (Salinas-
Melgoza and Renton 2005), these parrots probably remained induting the middle of the day to

facilitate digestion.

The only physiological factor contributing to bimodality tthas assessed directly in our study
was the ability of Meyer’'s Parrots to procure protein andrgy from their environment (i.e. fruit
consumption rates relative to nutritional value for spedibod items). Caution must be used in
interpreting the ecological significance of fruit consumptiate and dietary requirements data sets due
to the following sources of error: fruit and pod samplesewiaken from different geographical areas;
no data for crucial food items (elg. africana and flowers); and small sample size for many of the food
item samples. Regardless, this analysis provides wahial insight into physiological factors that
constrain daily feeding activity patterns of Meyer’s Perdn addition to potential sources of error in
the nutritional analyses, there are numerous considerdtianeeed to be accommodated before we can
make inferences about the daily energy and protein regemsnof Meyer's Parrots. The allometric
equations used by Klasing (1998) to calculate daily preggjnirements fails to accommodate the high
cost of flight (Carlson and Moreno 1991), and thereforeepratequirements are likely significantly
higher. Differences in flight costs are associateth different foraging models (Carlson and Moreno
1992). Aerial feeders that habitually forage on the wing duarnge parts of the day employ low-cost
flight at metabolic rates ranging from 2.9 to 5.7 basal metabaiec (BMR) (Flint and Nagy 1984),
whereas the short flights employed by some non-aerial foragarsost as much as 23 BMR (Tather
and Bryant 1986). Meyer’s Parrots are non-aerial foragghave very short wings that allow them to
maneuver in dense tree canopies when foraging, and thusxpeeted to maintain a very high
metabolic rate during flight and foraging effort. Iff fostance, the BMR was conservatively multiplied
by ten to accommodate free-living, feeding activity in thd-morning would be insufficient to satisfy

daily protein requirements. Foraging time to achieviy darotein requirements would go up to
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between 134 and 370 minutes for Combretateae seeds, 40 and 105 moinueguminosae seeds, 50
to 80 minutes for seeds from fleshy fruits, and approxilpdife0 minutes for the pseudocarp and seeds
from figs. Already, this conservative conversion demonsttatgseeding activity in the morning alone
is insufficient to achieve daily protein requirement®herefore, daily protein requirements were likely
important in the bimodal feeding activity pattern, ascdfelhg digestive passage in secondary roost
during the middle of the day, Meyer’s Parrots probably hav@él their crops before returning to the
primary roost. Mean consumption rates accommodated botlartfweint of each seed eaten and
movement between fruits, and therefore, the above estimgiessent total time required in the focal
tree. In contrast, equations developed by Koutsas. (2001) to estimate daily metabolizable energy
requirements accommodated field metabolic rates anohiieeent costs of free-living. Therefore, our
results show that acquiring the necessary metabolizable eiseliggly not restricting at any time of

year, except when feeding on Leguminosae and Combretaceagupiodswinter.

Dietary protein deficiency is considered a major obsterctbe evolution of highly specialized
nectarivorous and frugivorous birds (Pryor 2003). Although, enffacultative frugivores, dietary
protein was also expected to be limiting féwicephalus parrots. Pryor (2003) found that Pesquet's
Parrots Psittrichas fulgidus) had lower endogenous protein losses and reduced crude protein
requirements than nectarivorous Red Loriess(bornea) and granivorous budgerigans!€ opsittacus
spp.). Based on nitrogen balance analyses, diets containing/g@hy, 32mg/g dry mass (DM), and
82mg/g DM crude protein, would meet the minimal protein regoents for maintenance for Red
Lories, Pesquet's Parrots, and budgerigars, respectivVabrefore, the protein requirements of Meyer’s
Parrots may be considerably lower. More researchqigires into the dietary requirements and field
metabolic rates oPoicephalus parrots in the wild to better understand their daily feedintyity
pattern and the significance of different food resourcesderstanding these relationships will be
important in determining the optimal foraging requiremenfs Meyer’'s Parrots within altered
landscapes in the future. For example, there may bend siensity below which tree and food
resources are too sparsely distributed to support the protdire@ergetic requirements of Meyer’'s
Parrots, thus causing population decline. These are theiwaysch we could measure threat in the

future.

Sengitivity to environmental factors

There was a distinct relationship between feeding actarntyambient temperatures at Vundumtiki and
Mombo (Figure 4). Our results indicate that Meyer’'s Rarwere more tolerant of high and low

temperatures between 08h30 and 11h00 and 16h00 and 18h30, indicatiegdimaf at these times was
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likely obligate due to daily dietary requirements, thusoiticing behavioural variance not predicted by
temperature fluctuations. Feeding during early morning, Imidd the day, and late afternoon,
however, was significantly influenced by ambient tempeeatiuictuations, indicating that they would
opportunistically feed at these times when temperatures egimal, but were never forced to feed at
these times due to physiological constraints (e.g. long fomtepsing times). Meyer’s Parrots, similar
to the Glossy Black Cockatoo (Cameron 2005), avoided tenpesatbove 3% and below 1%C.
Unlike Glossy Black Cockatoo (Cameron 2005), Meyer’'s Padidtsiot show signs of heat stress (e.g.

panting), indicating that maximum temperatures never reasfiedl levels.

Meyer’s Parrots were observed to forage throughout the ldaygver, due to their relative
inactivity at secondary roosts in the middle of the dalyapter 8: Boyes and Perrin in review d), their
daily feeding activity pattern was bimodal. Afternoon feedamdivity was often insignificant,
especially during summer, demonstrating tPaicephalus parrots, like juvenile Lilac-crowned Parrots
(Salinas-Melgoza and Renton 2005) and Glossy Black CaagatCameron 2005), will minimize

energy expenditure and heat stress, when possible, by restirggshade.

The influence of monthly rainfall was insignificant beyadtglrelationship with food resource
availability (Chapter 2; Chapter 4: Boyes and Perrin in revé@w Low food resource availability
seemed to encourage foraging after 11h00, while high food resawedlability encouraged feeding
activity in the late afternoon. Furthermore, significantedénces in feeding activity between 08h30
and 11h00 at Mombo and Vundumtiki over the same period demorgteaiefluence of significant
differences in habitat mosaic and monthly rainfallis feasible, however, based on sighting frequency,
that the Meyer’s Parrot population at Mombo was gredign Mundumtiki, and that the significant
difference in feeding activity between 08h30 and 11h00 wasodmere parrots feeding at this time.

Daily flight activity: avoidance of heat stress?

Although infrequently observed in flight, similar to thedR#zellied Parrot (Massa 1995), Cape Parrot
(Wirminghauset al. 2002), Yellow-faced Parrot (Bousseketyal. 2002), Grey-headed Parrot (Symes
and Perrin 2003) and Brown-headed Parrot (Taylor and P20fi6), Meyer's Parrot had a bimodal
daily flight activity pattern. Bimodal flight activity perns are, therefore, likely common to all
Poicephalus parrots. Most parrot species use local migrations amsiderable foraging flight distances
to ensure sufficient dietary intake (Forshaw 1989). CapeiBafoicephalus robustus), for example,
may have foraging flight distances of over 100km per dayed#io times of the year (Skead 1964,
Wirminghauset al. 2002). With short wings and large hea®sicephalus parrots like most parrots are
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not suited to long distance flight, and thus the costdgiitfare likely very high (Carlson and Moreno
1992). Therefore, bimodal flight activity is likely due teoaing higher temperatures and winds (e.qg.
thermals) during the middle of the day that could feasityease flight costs. Meyer’s Parrots were
observed to fly over 2-3 km across open floodplains, andftinerehe energetic costs of flight are
likely an important consideration in their behavioural eggl There was no evidence to support local
migrations in the Okavango Delta (Chapter 2; Chapter 8),atidigs that Meyer’s Parrots prefer more
sedentary foraging behaviour. Therefore, our findings sugperhypothesis that Meyer’'s Parrots are
sedentary, avoid wide-ranging foraging forays, and minimieegy expenditure during foraging forays

by undertaking these trips in the early morning and latenaiber.

Possible census technique

Meyer's Parrots have green under-parts, are arboreal andkrgish. Therefore, to ensure the highest
probability of detection without flushing them, thus risking sgbeat double-counting, line transects
should be conducted when Meyer's Parrots are stationary aradiziog most frequently. Meyer's
Parrots are lingual feeders, and thus the probability of tiiejea feeding parrot was over three times
greater than detecting socializing or resting parratd, @ver 5 times greater than detecting parrots in
flight. In addition, the probability of observing a Meyer’'sieafeeding between 08h30 and 11h00 was
between two and three times higher than at any other ¢inday. Therefore, population estimates
should be derived from survey counts of feeding Meyer’'s Babetween 08h30 and 11h00. Feeding
activity between 08h30 and 11h00 was not significantly influenbgdseasonal temperature
fluctuations, rainfall, flood regime, food resource availgbibr change in location, and therefore, will
likely provide a useful index of relative abundance between diftesites and over time. Future work
on one of the otheP. meyeri subspecies is required to test the utilization of thesscpptions on a

different study population.

Conclusion

Although, difficult to be proven statistically, it is unlilgethat feeding activity in the morning is
sufficient for Poicephalus parrots as put forward by Taylor and Perrin (2006) and SyndsPerrin
(2003). Susceptibility to heat stress, fixed crop sizeammensumption rate and time required for
digestion passage are physiological constraints, and thusd lmmsthe hypothesis th&bicephalus
parrots are a natural assemblage, a bimodal daily feedingty pattern is likely common to all nine

congeners. Poicephalus parrots are distributed in the African subtropics, and thyperience similar
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climatic conditions to the parrots of the Neotropics and ralestia. All of these parrots feed on seeds,
figs and flowers, and therefore, likely have similar diyesand energetic requirementsRoicephalus

parrots, resulting in their congruent daily activity patern
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Chapter 8:

Flocking dynamics and roosting behaviour of
the Meyer’s Parrot, Poicephalus meyeri, in the

Okavango Delta, Botswana'

Group dynamics and communal roosting of Meyer’s Pafftécephalus meyeris a function of social

monogamy, food item preferences relative to resource aboedanti-predatory behaviour and breeding
activity. Aggregation during feeding was likely facilgdtby lingual feeding, whereby Meyer’s Parrots
seemed to vocalize involuntarily while actively foragirigeyer’s Parrots are sedentary in the Okavango
Delta, as there was no temporal variation in feefloak size or sighting frequency at the two study sites.
Foraging flights from roosts and activity centres wesed to disperse into homogenous habitat in pairs,
thus supporting the Foraging Dispersion hypothesis and Gémmeeaying theory. Meyer’s Parrots utilized
both primary and secondary roost sites. Breeding seégdnatl a significant impact on their feeding

flock size and roosting behaviour.

Keywords: Meyer’'s Parrot, Okavango Delta, communal roost, flocking dynamics

INTRODUCTION

Most parrots are, at least, seasonally gregarious amananal roosting is common (Forshaw 1989;
Chapmaret al. 1989; Juniper & Parr 1998; Gilardi & Munn 1998). Group memberstaehalutionary
and behavioural significance due to its influence on inderd intra-specific competition (Cairns &
Schwager 1987), risk of predation (Walther & Gosler 2001), reptiv@uskew theory (Reevet al.
1998), foraging efficiency and dietary intake (Cameron 2005), smuthl cohesion and information-
sharing (Stutchbury and Morton 2001). Similar to the CapeoPRaicephalus robustutSkead 1964;
Wirminghauset al. 2001), Yellow-faced Parr®. flavifrons(Boussekeet al. 2002), Grey-headed Parrot

! Formatted forAfrican Zoology- Zoological Society of Southern Africa: Boyes andiRéim press). Flocking
dynamics and roosting behaviour of Meyer’s Papaitephalus meyemn the Okavango Delta, Botswarrican
Zoology
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P. fuscicollis suahelicu€Symes & Perrin 2003a) and Brown-headed Pa&'ratryptoxanthugTaylor &
Perrin 2004), most medium- to large-sized parrots, such asH#vek-headed ParroDeroptyus
accipitrinus(Strahlet al. 1991), Red Shining ParrBrosopeia tabuensi®Rinke 1988), most macaws and
amazons (Gilardi & Munn 1998), Glossy Black-Cockat@adyptorhynchus lathamiCameron 2005),
and the African Grey ParroPsittacus erithacysgChapmaret al. 1993) typically occur in pairs or flocks
of between two and four. Gilardi & Munn (1998) put forwdrdttsmall parrot species (efprpus spp.
aggregate into larger flocks. This was corroboratedtudies on the Black-cheeked Lovebhghapornis
nigrigenis(Warburton & Perrin 2005) and Rosy-faced Lovel#frdoseicollis(Ndithia & Perrin 2007).

Taylor & Perrin (2004) have suggested the social mechahiemnd group dynamics in
Poicephalugarrots is likely intra-specific association, wherelmgKing is a function of the aggregation
and dispersal of pair sub-units governed by food resourceabViéyl. Brown-headed Parrot pairs
showed no special affiliation to other members of theugr(except recently hatched progeny), and
therefore, will join or leave the flock voluntarily (Ylar & Perrin 2004). Therefor&oicephalugparrots
typically forage in pairs or flocks of up to four parroBhépmaret al. 1989; Wirminghaut al. 2001,
Symes & Perrin 2003; Taylor & Perrin 2004; Warburton & PefQ05; Ndithia and Perrin 2007).
Comprehensive studies have been undertaken on the flocking dynaftice African Grey Parrot
(Chapmanet al. 1989), Red-bellied Parrof¢icephalus rufiventrjs(Massa 1995), Cape Parr(®.
robustu$ (Skead 1964; Wirminghauet al. 2001), Grey-headed Parr®. (fuscicollis suahelic)gSymes
& Perrin 2003a), Brown-headed parrd®. (cryptoxanthus (Taylor & Perrin 2004), Black-cheeked
Lovebird (Agapornis nigrigenis (Warburton & Perrin 2005), and Rosy-faced Lovebitd (oseicollig
(Ndithia & Perrin 2007). Here we determined to gather baséate on flocking dynamics and roosting

behaviour of Meyer’s Parr&®oicephalus meyeri

Meyer’s Parrot is the smallest of tHoicephalusparrots and forms a superspecies with the
Ruppell's ParrotP. rueppelliand the Brown-headed Parrot in southern Africa (Rowan 1983saéMas
2000). Meyer’s Parrots have the widest distributional rangepffrican parrot, exceeding that of the
Rose-ringed ParakePsittacula krameriand Red-faced Lovebirdlgapornis pullarius Meyer’s Parrot is
an opportunistic generalist feeders with a distinctigsseal diet, comprising 71 food items from 16
families including 37 tree species (Chapter 2: Boyes &ifrarireview a). Seed predation accounted for
62% of feeding bouts, of which 37% were seeds from ripe podsfraits. Meyer’s Parrots breed
predominantly between March and July (Chapter 9: Boyes &inPier review b); however, there are
sporadic breeding attempts between October and Januaryst@y determined to compare the flocking
dynamics and roosting behaviour of Meyer's PafPoicephalus meyerwith work done on other

Poicephalugarrots to test the hypothesis that this behaviour is @mtmall nine congeners.
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Single-species flocking is the voluntary aggregation ofspeaifics, usually in pairs or family
groups, in order to benefit from group membership. Thisines dysfunctional when the abundance and
spatial distribution of food resource cannot support largedléelg. food resources sparsely distributed).
Similarly, as time spent travelling between commuoal resources increases there is a point at which
energy expenditure in foraging flight distance exceeds energieifitom the environment, thus making
small flock size advantageous on sparse resources (Gaec&rMorrison 1986; Chapmaet al. 1989).
Meyer’s Parrots appear to be lingual feeders, whereby thafiz@dnvoluntarily during feeding activity

(Chapter 2), and therefore, aggregation of conspediffiely loccurs during feeding activity.

Most ecological studies that consider determinants of didloek size suggest that the density
and distribution of food resources restrict group size byentting the number of individuals that can
efficiently and sustainably forage together, thus adherinigedseneral Foraging (GF) theory (Bradbury
& Vehrencamp 1977; Chapma al. 1989). Optimal diet theory predicts that foragers of imneopiky
(e.g. seeds) should prefer prey that yield more energyrpeforaging time (Sih & Christensen 2001).
Similarly, optimal foraging theory predicts that MeyeParrots should prefer activities (e.g. flocking)
that optimize foraging efficiency, thus maximizing emeintake per unit foraging time (Rakotomanana
& Hino 1998; Wheelwright 1985). Feeding flock size should, theeefoe largest when resources are
abundant and uniformly distributed (Bradbury & Vehrencamp 19F¥cking, however, also functions
to reduce predation risk by improving detection of predatorsddating risk of capture, and therefore,
birds are expected to aggregate on food resources when these@ssare abundant or the cost of
sharing food resources is less than the anti-predatosfiteeof larger feeding flock sizes (Todd & Cowie
1990; Krams 1996; Walther & Gosler 2001). Our study determinedaloage probable determinants of

flocking dynamics and roosting behaviour of Meyer’s Parrot.

Similar to aggregation during feeding, communal roosbebaviour is also a function of a
classical fission-fusion model, whereby individuals of a sgeaggregate through vocalizations or at a
predetermined location before long periods of inactivity. (ugset). This excludes the resting places of
a single coherent group (e.g. troop of Chacma Bab®&apso ursinus(Ward & Zahavi 1973). Apart
from primary communal roosts, which accommodate the entiosting population, there may be
secondary communal roosts utilized in the middle of theiayder to avoid heat stress and allow time
for digestion before afternoon foraging (Ward & Zahavi 197Qur study evaluated the existence and

utilization of both primary and secondary communal roosts.

The Information Centre hypothesis suggests that birds ogaugrén large communal roosts to
facilitate the exchange of information regarding the tiocaof food resources (Ward & Zahavi 1973).

The Foraging Dispersion hypothesis, however, suggests tlwgssue groups leaving the roost avoid the
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flight path of preceding groups, thus facilitating dispersima unknown habitat (Chapmagat al. 1989).
Therefore, the Information Centre hypothesis predictsegggion during periods of resource scarcity,
while the Foraging Dispersion hypothesis only predicts aggwegaliring periods of food resource
scarcity. The primary function of communal roostingHaicephalusparrots is unknown, however,
benefits likely include information-sharing on food resouncesar the roost, dilution of predation risk,
increased predator detection, allo-preening and socializimdjformation of pair bonds (Taylor & Perrin
2004). Our study evaluated the roosting behaviour and floakingmics of Meyer’s Parrots within the
context of the Information Centre and Foraging Disperbigyotheses in order to more fully understand

the function and utilization of primary communal roosts.

Most parrot species use local migrations and consideraldgifgr flight distances to ensure
sufficient dietary intake (Forshaw 1989). Aggregation gfdalocks during feeding and local migrations
has been recorded in the Cape Parrot (Skead 1964; Wirmasghal. 2001), Brown-headed Parrot
(Taylor & Perrin 2004), Black-cheeked Lovebird (Warburton &ire2005) and Rosy-faced Lovebird
(Ndithia & Perrin 2006). Cape Parrots may have a foraflight distance of over 100km per day at
certain times of the year (Skead 1964; Wirminghetual. 2002). Foraging strategies such as this have
high energetic costs, and therefore, it is reasonablesnee that, when possible, a species will adopt
more sedentary foraging behaviour. Meyer's Parrotsreperted to have some local movement to
Zimbabwean highlands during the summer, likely due to wamgleluring the dry season (Rowan 1983).

Sighting frequency and seasonal flock size fluctuations wealuated for evidence of a local migration.

The influence of climatic conditions (e.g. monthly ralhfdaily ambient temperature and flood
regime), inter-specific competition, breeding activitypd item availability, and differences in habitat
mosaic on feeding flock size is poorly represented initdy@ture. Warburton & Perrin (2005), however,
reported a smaller feeding flock size for arboreal theound foraging activity. This study monitored
feeding, roosting and socializing flock size to faciitabmparison with environmental variables, niche

breadth, food item preferences and breeding activity.

MATERIALS & METHODS
Study sites

The Okavango Delta was chosen as the study site bechisesignificant Meyer’s Parrot population
(Wirminghaus 1997)The study was conducted at two sites: Vundumtiki Islanakéotat the junction of

the Maunachira and Kiankiandavu channels in the northregséet of the delta, and Mombo Camp off
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the northern peninsula of Chief's Island (Figure 1Both study sites were wilderness areas with no
human impact or disturbance to habitat or animbblmur.

| | I 1 [ | |
LMohembo ~ 22°15’ 22°45' 23°15°
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Vundumtiki Island
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l - | I

Figure 1: Map of the Okavango Delta showing area of inundatiuring flood season and location of Vundumtiki
and Mombo

The climatic conditions in the Okavango Delta aistigctly seasonal, comprising a wet season
(November-March) and dry season (April-October).ead annual rainfall is 450-560mm (Wolski and
Savenije 2006; Ellergt al. 2000). During the annual flood the area coveredvhter expands from its
annual low of 2500-4000Kmin February-March to its annual high of 6000-12a8d in August-
September. Arrival of the annual flood lags they&eason and follows one or two months afteretine

of rainfall in the region (Gumbrictgt al. 2004).
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Rainfall was monitored daily using a rain gauge (udometegj the entire study period. The
flood cycle was monitored using flow rate data from MohenitmmMerServe 2007) and calibrated to the
study sites by recording first significant increment inewdevel on a measuring pole in permanent water

as the start of the flood.

Timing
Flocking dynamics and roosting behaviour were recorded at Votilkdibetween August 2004 and July
2005, and February 2007 and August 2007, and at Mombo betweert 2006sand January 2006.

Flocking dynamics

All other studies on flocking dynamics of African parrots henerred feeding activity from analyses of

parrots in flight. Marsden (1999), however, cautioned agd#limsuse of these data due error brought
about by differences in habitat structure (e.g. open avgkd!habitat). Our study separated flock size
analyses into the following groups: flock size in fligheeding flock size, non-feeding flock size and

roosting flock size.

At Vundumtiki: A standardized, 26.2 km, road transecs$ wstablished along the existing road
network to standardize spatial distribution of feeding flobkeovations. Transect width was 100m
either side of the roadkfnaximum distance at which parrots could be detected). saime vehicle and
observer were used on each transect and the travelliegl syges 15 - 20km/h.  All observations were
made within the transect width from the vehicle or on fddeyer’s Parrots were located by listening for

vocalizations and then following these until the parrot vwasd.

At Mombo: Due to time constraints and logistical difftees at Mombo, a standardized road
transect was not established, however, vehicle travellingdspebserver, transect width, sampling
frequency, and transect duration were standardized ted¢ime used at Vundumtiki. Therefore, feeding

census duration was limited to two and a half houes atparture from camp.

To ensure systematic sampling of flocking and roosting\bebi six daytime time periods were
established, including: 06h00-08h30; 08h30-11h00; 11h00-13h30; 13h30-16h00; 16h00-48t30;
18h30 to sunset (Chapter 7). Road transects were condluctédix time periods before a specific time

period was sampled again.

All observations were made using a 30x spotting scope amthémum sighting distance

possible to minimize disturbance of behaviour. The following dadre recorded: time of day, flock size,
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and presence/absence of competing species. Meyer'ssPameairboreal feeders with green under-parts

and are skittish, making observation in the tree candfiguti.

Non-feeding flocks between 06h00 and 08h30 and between 18h30 andveenesebnsidered to
be parrots at activity centres prior to primary commuaasting. Non-feeding flocks during the middle
of the day were recorded as parrots at secondary ro@ugh of these sightings were infrequent in

comparison with feeding flock size observations.

Primary and secondary communal roosting behaviour

Primary roosting behaviour was monitored outside of censussdcts by following Meyer’s Parrots
while aggregating in the afternoon or stopping due to loudsgndhronous vocalizations at roost trees
and adjacent activity centres. Activity centres weseially deadCombretum imberbeor Acacia
nigrescenson which parrots were observed to aggregate in the eamypimg and late afternoon to
vocalize, preen and allo-preen. When possible the tymmmomunal roost, height above the ground
(HAG), and crown condition of the host tree were recordedvaluate roosting preferences. Crown
condition was scored in increments of 0.1 from O - 1, wherel@pf®sents a snag (i.e. dead tree) and 1
represents a full healthy canopy. Locations were GPRadaand then subsequently monitored in the
early morning and late afternoon, when possible. The faligwbservations were dictated into a Sony
MD-Walkman MZ-NH700: flock size, preening and allo-preeninethier pair sub-units socialized with

other parrots, posturing, and frequency of vocalizations.

Data analyses

The Kolmogorov-Smirnov (K-S) test was used to test for afitynin the data set. T-tests for
independent samples were used to test for temporal atidl sptierences in feeding flock size. The
Spearman rank correlations)( was used to test for associations between feedingtacind ambient
temperatures. The Mann-Whitney U-test was used to loolsignificant differences in daily feeding
activity between Vundumtiki and Mombo. The Wilcoxon MatchedsPBest was to test for significant
difference between overall number of feeding bouts durioh gme period over the entire study period.
The Bonferroni procedure was used to adjust significanceslévalontrol Type 1 error rates in multiple
testing situations. Kruskal-Wallis ANOVA by Ranka&s used to test for significant difference between
feeding flock size in the feeding activity time periodstatiStical analysis followed Quinn & Keough
(2002) and Statsoft-STATISTICA 7.1 (2006).
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RESULTS

Climatic conditions

Annual rainfall only exceeded the expected range in the Noved@®er — March 2006 wet season when
683mm were recorded (Figure 2). Lag time for the flow data from Mohembo was calibrated at a 59
and 27 days lag for Vundumtiki and Mombo respectivelyufeg).
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Figure 2: Flood regime (dark grey) and rainfall seasonality (Igylety) at Vundumtiki and Mombo

Feeding flock size fluctuations

Feeding flock size with the highest frequency was two, fatbly three and then one (Figure 3). There
were significant differences between feeding flock sirethe breeding and non-breeding season, and
between the two study sites (Table 1; Figure 4). There Wwevegver, no significant differences between
feeding flock size in the wet and dry season, and bettfee2005 and 2007 breeding seasons (Table 1;
Figure 4). On 127 occasions Meyer’'s Parrots were obséovadive at the feeding site, thus increasing
the feeding flock size. Lingual feeding was observed aeellihg sightings. All feeding flocks were
located in a single tree or in adjacent canopies, maintp a close proximity to conspecifics.

Disturbance by the observer or otherwise, resulted ipaatbts flushing from the tree and dispersing in
groups of two to four in different directions.
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Non-feeding flock size fluctuations

Mean non-feeding flock size was significantly different @ach of time periods (Kruskal-Wallis
ANOVA: H (4, N= 287) =32.014; p < 0.001) (Figure 6). However, mean meding flock size was
not significantly different month-to-month over the entitedy period (Kruskal-Wallis ANOVA: H
(23, N= 287) = 33.156; p = 0.0783). Analysis of the daily non-feefiiioyf size fluctuations over the
entire study period shows evidence for both primary and dacgmnoosting behaviour (Figure 6). The
most frequently used secondary roost trees Wegelia africana(n = 84) andC. imberbgn = 46). The
primary activities at socializing activity centresre@reening and allo-preening, sunning, and frequent
and synchronous vocalizations. Allo-preening was observeunwitair sub-units or family units,
whereby observations of more than three birds preenioly egdner were very infrequent. The most
frequently used socializing trees were déadnigrescengn = 57) and damage@olophospermum

mopane(n = 49). The most frequent non-feeding flock size was (Figure 7).

Parrots in flight

There was a peak in daily flight activity between 08hB0 41h00, and 16h00 and sunset (Figure 8).
Mean flock size over the entire study period for parrotdight was 2.06 (n = 467; SE = 0.038),
whereby Meyer’s Parrots were most frequently obsenyatflong distances in pairs (64.7%; n = 306),
followed by individuals and in threes (Figure 9). Observatafngarrots in long distance flights were
infrequent due to lack of vantage points. In winteg frequency of parrots observed in flight was
considerably lower. There was no significant differendsvéen flock size in flight at Mombo and
Vundumtiki (Kruskal-Wallis ANOVA: H(1, N= 358) = 0.217; p =63.1).

Roosting and socializing activities

Three types of primary roost site were recorded duthigy dtudy, including open cavities in the tree
trunk (e.g. crooks or crevices), open branches under ctzseapy, and large roosting cavities (Table
2). The mean height of trees used for roosting was 28anthe mean diameter at breast height was
over 140cm. The mean roosting flock size was 7.74 (n = 31; S&5¥F (@able 2). All of the roost tree
species occur in riverine foregcacia-Combretunmarginal woodland and Mopane woodland habitat
(Figure 10). All roosting activity irHyphaene petersianaas recorded in the Mombo study area.
Huddling in the crook near the trunk in the closed canopy acedudat 65% (n = 20) of roost sites,
with utilization of natural cavities and branches in theogy accounting for 23% (n = 7) and 13% (n =
4) of roost sites respectively.
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Figure 5: Daily feeding flock size fluctuations at Vundumtiki akidmbo (n = 1979) (Vertical bars denote
0.95 confidence intervals)
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Figure 6: Daily non-feeding flock size fluctuations at Vundumtgtid Mombo (n = 259) (Vertical bars
denote 0.95 confidence intervals)
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Figure 10: Total number of roost sites in each tree speciestbeeentire study period

Meyer’s Parrots were observed to disperse in differeattiains from activity centres close to the
roost trees in pairs or small groups of up to four parrotBased on observed flight distance, initial
dispersal distance from the activity centre was 1-3km. tRgovehaviour was distinctly seasonal,
whereby Meyer’'s Parrots utilized open branches and crobksees during the wet season when
temperatures remained above®@0Oover night, while switching to natural cavities An digitata A.
nigrescensC. mopaneL. capassandC. imberbeduring the dry, cold breeding season. Summer roosts
were found to move constantly and a specific roost teeenet used for more than three consecutive days
before being abandoned. Winter roost cavities were mudethtr find due to infrequent vocalizations
at or near the cavity. In contrast, vocalizations weeguent and often synchronous in activity centres
adjacent to roost trees. In the summer non-breedingrs@asgust — February), the primary roosts were
typically crooks, crevices or open branches and were telbavery 2.93 days (n = 30; SE = 0.486).
Occupation of primary roost sites in the winter breedirzgae was difficult to monitor due to difficulty
in locating these sites, as a result of the lack of hzatéoons at the roost cavity. The utilization of these
cavities is likely permanent through the whole of wintenereby occupancy of one nest was recorded at
142 days (Chapter 9).
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Mixed-species flocking

Observation of competing frugivores and seed predatoegding sightings were infrequent and included
only 19 species in 15.6% (n = 309) of all feeding sightings 18°79) (Table 3). There was a significant
negative correlation between percentage mixed-speae&sfland percentage available food items
consumed by Meyer's Parrots, & -0.454; n = 24; p = 0.026) (Figure 11). Meyer’s Parrots had no
competing species for 12 of their food items and were the aufn predispersal seed predator in the
Okavango Delta. All competing species were frugivores tiatally targeted the fruit pulp of fleshy
fruits rather than the seed kernels preferred by the pge@<D. mespiliformis G. livingstoniaandB.
discolor). These species, however, were in direct competitiofotm resources with the Meyer’s Parrot
due to utilization of the same time and space. There ®@érdiurnal frugivores or facultative seed

predators (e.g. Giraffe) observed at feeding sightings dthiagtudy (Table 3).

Table 3: Percentage occurrence (%) of competing species observad dur
feeding bout observations

Scientific name % n
Treron calva 26.5 82

Common name
African Green Pigeon

Grey Lourie Corythaixoides concolor 20.7 64
Crested Barbet Trachyphonus vaillantii 12.9 40
Burchell's Starling Lamprotornus australis 10.0 31
Long-tailed Starling Lamprotornus mevesii 7.8 24
Black-headed Oriole Oriolus larvatus 4.2 13
Black-eyed Bulbul Pycnonotus barbatus 3.6 11
Chacma Baboon Papio ursinus 3.2 10
Red-faced Mousebird Urocolius indicus 2.6 8
Black-collared Barbet Lybius torquatus 2.6 8
Yellow-billed Hornbill Tockus leucomelas 1.6 5
Red-billed Hornbill Tockus erythrorynchus 1.6 4
Tree Squirrel Paraxerus cepapi 0.6 2
Vervet Monkey Cercopithecus aethiops 0.3 1
Grey Hornbill Tockus nasutus 0.3 1
Wattled Starling Creatophora cinerea 0.3 1
Plum-coloured Starling Cinnyricinclus leucogaster 0.3 1
Glossy Starling Lamprotornis nitens 0.3 1
Bradfield's Hornbill Tockus bradfieldi 0.3 1
Giraffe Giraffa camelopardolis 0.3 1
TOTAL 100 309

Peters’ Epauletted Fruit Bat&gomophorus gambianus cryptuyusere the dominant nocturnal

arboreal frugivores competing for food resources with the MeyRarrot, including the following food
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items: Ficus sycomorugigs, Diospyros mespiliformigruit, Ficus burkeifigs, Berchemia discolofruit,
Garcinia livingstoniafruit, Kigelia africana flowers, andAdansonai digitataflowers. Other arboreal
nocturnal frugivores and seed predators observed during nigks wariverine forest andAcacia-
Combretummarginal woodland at Vundumtiki, included: Tree Mou3éallomys paedulcis Hairy-

footed Gerbil Gerbillurus paeb@and Woodland Dormous&(aphiurus murinus

Risk of predation

There were no instances of predation during feeding actiwdgwever, predation during the breeding
season was recorded, including instances of predatioreddlithgs by African Fish Eaglddéliaeetus
vocifer), Gymnogend&Polyboroides typys Tree Monitor Yaranus albigulariy and Little Sparrowhawk
(Accipter minullup. Predation by Large Spotted Gefgnetta tigrinawas recorded on nesting female
and three nestlings. Meyer’s parrots were noted tonatadl and take flight to signal the presence of
human beings, most large raptors, African Leop&ahthera pardus Chacma BaboorPapio ursinug,
and Large Spotted Genet. Meyer’s Parrots reacted withiburte to the aerial and arboreal alarm calls of

Tree Squirrels.

Sighting frequency

Mean sighting frequency was 10.32 and 12.14 parrots per ttats€éandumtiki and Mombo over the
entire study period respectively. There was a sipnifi difference between the feeding bout frequency
per census transect at Vundumtiki and Mombo (Kruskal-@/&NOVA: H(1, N= 24) = 10.67575 p =
0.001). There was, however, no significant difference beivieeding bout frequencies at Vundumtiki
(Kruskal-Wallis ANOVA: H (11, N= 12) =11.0, p = 0.4433) and Mon{Bouskal-Wallis ANOVA: H(5,

N= 6) =5.0, p = 0.416) over a continuous period of time (Bomi& procedure, significant at p < 0.017).

DISCUSSION

Evidence for sedentary life history

Results from this study support the assertion by Wirminghaus (1888here is a “significant” Meyer’'s
Parrot population in the Kavango Basin. Meyer's Parrot ptpoat Vundumtiki and Mombo were
stable and free from significant disturbance. The sighteguency, however, was significantly higher at

Mombo than at Vundumtiki, thus indicating that Mombo hkéks a higher Meyer’'s Parrot population
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than Vundumtiki, probably as a result of a higher carrying @gpaRoosting and socializing flock size
was also significantly larger. The habitat mosaic atiio is, therefore, likely more suitable to Meyer’s
Parrots, but both study sites should be considered to bebleuto support stable Meyer's Parrots
populations, and thus could function as an ecological ben&hioaicomparison with other areas. In
addition, no significant difference between feeding floae sn the wet and dry seasons indicates that
there were no periods of food resource scarcity, patchotegzarse distribution that warranted additional

foraging effort or local migrations or “wandering” in sefaof food resources.

There is no evidence in the diet of Meyer's Parrots at Viomi#tt and Mombo that would
indicate a necessity for any local migration for foedaurces (Chapter 2). Over the 24 month study
period, the sighting frequency per transect month-to-moagnet significantly different, thus indicating
no net emigration out of or immigration into either of ghedy areas. Movement data are required for the

Meyer’s Parrot in order to determine daily flight adinénd foraging flight distance.

Evidence for social monogamy and maintenance of “family units”

The findings of this study support social monogamy, in that 66&o of all sightings of Meyer’s Parrots
in flight were pairs, thus indicating that the basic sub-ofnilocking is likely socially monogamous pairs
or “family units” including recent progeny. In addition, o¥R% of feeding sightings involved pairs of
Meyer’'s Parrots. Boyes & Perrin (Chapter 9) found tMalyer's Parrots maintain pair-bonds over
several breeding seasons; however, there was evidence forittenagcof extra-pair copulations, thus
indicating that Meyer’s Parrots are socially monogamo@ito-preening within apparent pair sub-units

and family units also supports the findings of Taylor &rih (2004).

Communal roosting behaviour

Complex and diverse vocalizations representdeoicephalugarrots are indicative of the importance of
socializing and group membership (Taylor 2002). Meyer’sdgarrocalized constantly during feeding
activity, thus sharing information on food resource avditgbi Aggregation during the course of the day
was, therefore, likely due to these obligate vocalizatidusng feeding, thus allowing for gradual
aggregation and subsequent use of secondary roosts to awtddyntemperatures over ®D and

facilitate digestive gut passage.

Communal roosting behaviour is central to population dynathesto its influence on spatial

distribution, intra-specific competition and resource utiig risk of predation, and breeding behaviour
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(Ward & Zahavi 1973; Chapmaet al. 1989). Similar to the Grey-headed Parrot (Symes & P2003),
Meyer's Parrots dispersed in pairs or small flockshogée or four parrots on different flight paths from
the roost tree or morning activity centre, thus creatingeratral place from which they dispersed. If
Meyer's Parrots disperse from a roost tree, this eseatcentral point, thus making them central place
foragers (Lairet al. 1994). As communal roosting central place foragers, Mefparsots are expected to
return to the communal roost (Lat al. 1994). The constant relocation of communal roosts duhieg t
wet season is likely a function of food resource utilizatgom anti-predatory behaviour. Based on
movements of individually-marked European Starliggsrnus vulgarisCaccamise & Morrison (1986)
suggested that individuals only leave their own foraging arezomee to communal roosts, and the
associated feeding areas, when doing so more than corgzensathe cost of travelling to the roost.
Therefore, it could be that, through a complex network obNzations, Meyer’s Parrots find a new
central place at which to aggregate based on their distmbémllowing a day of wandering during
foraging activity. Primary roosting behaviour of MeydParrots, therefore, supports the assumptions of
the Foraging Dispersion hypothesis. In addition, meanakxiog and roosting flock size was
significantly larger than feeding flock size, thus further sujipgrthe Foraging Dispersion hypothesis.
There was no evidence in this study that supported informshianng at the communal roost or
associated activity centres, and therefore, the Irddom Centre hypothesis cannot be used to describe

the roosting behaviour of Meyer’s Parrots.

The Information Centre and Foraging Dispersion hypothasegprobably not mutually exclusive
(Caccamise & Morrison 1986), and therefore, certain hindy switch between the two hypotheses,
deriving benefit from both based on spatial and temporsduree abundance and seasonal basal
metabolic requirements. Therefore, Meyer's Parrotsuim-gptimal environments may use roosts as
information centres. For example, in the Seronga @@®an north-east of Vundumtiki, where Meyer’s
Parrots are reported to aggregate in flocks of up tpadfbts on corn and millet fields (Boypsrs obs,
it is unlikely that Meyer’s Parrots in the surrounding aigagerse from communal roosts prior to raiding
these agricultural crops. Further research is requiredhe roosting behaviour of Meyer's Parrots

elsewhere in their range.

Feeding flock size fluctuations

The General Foraging hypothesis, put forward by Caccasniderrison (1986), probably functions best
to predict feeding flock size fluctuations Bbicephalusparrots. Therefore, no significant difference
between the feeding flock size in the wet and dry seasanlikely due to the annual flood arriving

during the dry season, thus supporting the atypical fruitingverine forest tree species such s
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mespiliformisandG. livingstoniaduring the dry season and early wet season. The satiiftifference
in feeding flock size between Vundumtiki and Mombo supporthypethesis that feeding flock size is

resource-dependent.

Feeding flock size was significantly larger during the bmegdseason, probably due to
cooperative prospecting for and utilization of arthropoddarincubating in and feeding on pods and
fruits in their diet. Boyes & Perrin (Chapter 9: Boyes &rlPein review c) found that infestation levels
of Coleopteron and Lepidopteron larvae parasitizing treaeespegthin the diet of Meyer’'s Parrots were
significantly different between trees. In addition, Deréehl. (2007) found that infestation levels of
bruchid beetle®ruchidius uberatu¢ColeopteraBruchidag in A. tortilis raddianaeseeds vary from one
year to the next according to humidity, temperature andathi These bruchids are similar to those
consumed by Meyer’s Parrots during the breeding season, andtkition demonstrates the necessity to
prospect for these arthropod larvae cooperatively, thustiregsin elevated feeding flock sizes during the

breeding season.

Feeding flock size was significantly larger at Mombo, tmdicating differences in carrying
capacity or spatial distribution of resources betweervibestudy sites. The lack of temporal variation in
feeding flock size between 2005 and 2007 at Vundumtiki also deratetsthat feeding flock size is site-
specific, and therefore, variable dependent on habitaacteaistics and the assumptions of the Foraging

Dispersion hypothesis.

Large feeding flocks have only been reported on agriclluopas, and thus are likely a function
of anthropogenic habitat changes resulting in highly concedtraeasonal food resources (e.g.
agricultural crops). Similarly, Cape Parrots (Wirminghatsil. 2002), Grey-headed Parrots (Symes &
Perrin 2003) and Brown-headed Parrots (Taylor & Perrin 20863 been reported to flock on abundant
food items such as agricultural crops (e.g. grain amds}iand summer fruits (Rowan 1983; Symes &
Perrin 2003; Taylor & Perrin 2004). The findings of this stuthjidate that in healthy Meyer’s Parrot
populations, such as the Okavango Delta metapopulation, fedolikgsfze is not governed by resource

availability, but rather social cohesion and anti-predabehaviour.

Importance of predation

Our findings showed that Meyer’s Parrots were sensitive edgtion risk. No adults were predated
during feeding or socializing, thus demonstrating that thesasuomes were successful in mitigating

predation risk. Due to low incidence of large flocks otimme and across context, it appears that
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predation risk is not a causal factor of flocking dynarofcleyer’s Parrots, and therefore it is likely that

the cost of sharing food resources is less than th@esdatory benefits of larger feeding flock sizes.

Mixed-species flocking and avoidance inter-specific competition

The influence of inter-specific competition on feeding flede ofPoicephalugarrots is poorly studied.
Similar to Black-cheeked Lovebirdsgapornis nigregenigWarburton & Perrin 2005), Meyer’s Parrots
generally foraged in single-species flocks and had feeiss that they directly competed with regularly.
Black-cheeked Lovebirds are granivorous and predominantlyndréaraging, and thus predators and
competitors are different to an arboreal forager suchebleyer’'s Parrot. Black-cheeked Lovebirds, are
also considerably smaller than Meyer’'s Parrots, and thayg benefit from single- and multi-species
flocking more than Meyer's Parrots. Therefore, dudhi® likely insignificance of predation risk to

flocking dynamics, Meyer’s Parrots probably avoid multiesee flocking.

In the African subtropics and elsewhere, anti-predatorayietrr does not function exclusively
between conspecifics and is often inter-specific, whessweral species co-operate at feeding sites to
detect and deter potential predators. For example, ChBatmaonPapio cynocephalus ursinubnpala
Aepycerus melampwand Banded Mongooddungos mungmften forage together and react equally to
alarm calls from all species (Boyes unpub. data). Guitee however, showed that Meyer’'s Parrots have
a low tolerance for mixed-species flocking. Factorstrdouting to this avoidance of mixed-species
flocking are unclear; however, demonstrated lower predatsdnfor this arboreal seed predator likely
facilitate this preference to feed in single-speciesk$. Boyes and Perrin (Chapter 3: Boyes & Perrin in
review d; Chpater 4: Boyes & Perrin in review e) fourat thleyer’s Parrots feed predominantly in the
high canopy, thus avoiding competition with primates and {aogked frugivores (e.g. HornbillBockus
spp). In addition, Boyes and Perrin (Chapter 2) showed that NMefarrots, preferred unripe fruits
when available and had exclusive predispersal access de Bestde Leguminosae and Combretateae

pods, thus allowing them to avoid inter-specific competition

There was, however, evidence that Meyer’'s Parrots kéatend benefitted from alarm calls of
squirrels, which were observed on two occasions feeditly Meyer's Parrots. Meyer's Parrots were
most frequently observed foraging with African Green &ngeonD. mespiliformisseeds and-.
sycamorusfigs. Other species frequently observed foraging Wyer's Parrots included the Grey
Lourie, Crested Barbet, Burchell's Starling, Long-taile@ri8tg, Black-headed Oriole and Chacma
Baboon. These are all facultative frugivores, and thus onddwexpect minimal niche overlap with

Meyer's Parrots. Numerous nocturnal seed predators weserved at Vundumtiki and Mombo,
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however, as arboreal seed predators only the Peters’ Epdfettie Bat, Tree Mouse and Bushveld

Dormouse competed indirectly with Meyer’'s Parrots fadfoesources.

There was a significant Chacma Baboon population of deiw200 and 250 at Vundumtiki
(Boyes unpub. data). Baboons were frequently observed toldswot feeding bouts, thus forcing the
parrots to move to smaller, marginal trees. Sightingsafots feeding with primates were only observed
between August and October when feeding on BipenespiliformisandG. livingstoniafruits. Meyer’'s
Parrots were observed on one occasion to feed on ufcgea erioloba pods in the same tree as a
giraffe.  The avoidance of inter-specific competition Idooe the selection criteria protecting highly
productive food trees from seed predation by Meyer's Pamtsreby dominant facultative frugivores
and seed dispersers such as Chacma Baboons and stadingsdtornus spp.could out compete or
scare off parrots from a feeding site, thus having likelplications for both primary and secondary

dispersal of these trees.

There was a peak in mixed-species flock observati@t&den October and December, thus
indicating a slight bottleneck of food resources coincidingh viite end of the dry season after the
dominant flowering period and prior to the availability afripe seeds. The significant negative
correlation between percentage mixed-species flocks pendentage available food item consumed
suggests that inter-specific competition for food resourta®ases as number of available food items
consumed decreases. This also supports the hypothesigahat's Parrot prefer to forage in small

single-species flocks.

CONCLUSION

For the majority of the year, Meyer’'s Parrots in the Gkao Delta probably do not benefit significantly
from flocking on food resources, and feeding flocks greater tva or three are probably the result of
lingual feeding and opportunistic flocking on favourable food steafter dispersion from communal
roosts. Communal roosting likely does not facilitate King unless the food resources are close to the
roost site, but rather functions as anti-predatory deferesshanism and to facilitate even dispersal into
habitat with uniformly or sparsely distributed food resosrceThe primary benefits of roosting were
likely anti-predatory and social cohesion. Meyer’s Parrasileely dependent on riverine foresicacia-
Combretunmarginal woodland and Mopane woodland for roost sites iOkavango Delta. They also
aggregated more during the breeding season due to thaalispeutritional requirements and the female

being reliant on food provisioning by the male parrots. Meyeatsd®s are sedentary in the Okavango
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Delta, but the possibility of limited local migrationsather areas (especially the Zimbabwean highlands)

should be investigated.
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Chapter 9:

Breeding biology of Meyer’s Parrot (Poicephalus

meyeri) in the Okavango Delta, Botswana'

Abstract. Meyer’s Parrot$oicephalus meyeri are the most abundant and widespread African parrot and the
breeding biology of this analogous Poicephalus parrot hadomeeiously been studied. Meyer’'s Parrots
formed socially monogamous pair-bonds maintained oveeast Ifour breeding seasons. Breeding pairs
established breeding territories up to an estimated 18@thia which there were 1-6 nest cavities. Twenty-
eight nest cavities utilized by Meyer’s Parrots weretkedauring intensive searches within the 430ha sample
area. Twelve of these nest cavities were utilized byeabreeding pairs for nesting, however; only eight of

the breeding pairs could be identified using unique yellow-markinghe crown and carpal joint. Individuals

were sexed according to parental role at the nest cawityover 1700 hours of intensive nest observations at
six nest cavities was undertaken. Eggs hatched asynchrgngeslgestlings fledged synchronously with
similar body size and condition. Social constraistEh as inter-specific competition for nest cavities,
predation risk and brood parasitism within the context efEhergy Constraints hypothesis likely supported
the early incubation that facilitated this asynchroriainfall seasonality and the consumption of parasitic
arthropod larvae incubating in and feeding on pods and fruitseir diet were likely significant factors in the
timing and synchrony of breeding at population level.stéfical records demonstrated a primary breeding

season (February-July) and an auxiliary breeding seasmte(Bber—November) throughout their southern

distributional range.

Introduction

Very little, beyond anecdotal reports in the literatiseknown about the breeding biology of Meyer's
ParrotPoicephalus meyeri in the wild (Perriret al. 2002). Comprehensive studies, however, have been
undertaken on the breeding biology of the Cape PRrnasbustus (Wirminghauset al. 2001; Symest
al. 2004), Ruppell's Parrd®. rueppellii (Selmanet al. 2004), the Grey-headed Pariat fuscicollis
suahelicus (Symes and Perrin 2004), and the Brown-headed pRraiptoxantus (Taylor and Perrin

! Formatted for Emu — Austral Ornithology, Royal Australasian Ornithologists’ Union: Boyes and Perrin (in review)
Breeding biology of Meyer’s Parrot Poicephalus meyeri in the Okavango Delta, Botswana.
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2006). Preliminary studies have also been done on the RezedrrotP. rufiventris (Massa 1995)
and the Yellow-faced Parrét flavifrons (Boussekeyet al. 2002). Senegal ParroBs senegalus and

Niam-Niam Parrot®. crassus remain data deficient (Juniper and Parr 1998).

Wilson (1989) put forward that persistence of a phyletictimeugh geological time is the key
measure of ecological success. Ecological success isfdtesra function of the number of species in
the monophyletic group, occupation of unusual adaptive zones, extehstabutional range, and
fluctuations in population size and status (Wilson 1989). hes rhost abundant and widespread
Poicephalus parrot (Rowan 1983; Juniper and Parr 1998), understanding thevadzone of Meyer’'s
Parrot is central to better understanding their ecologicatessc Our study gathered evidence to
support the hypothesis that the breeding biology of Meyer’s Piarsignificantly different from other
Poicephalus parrots.

All Poicephalus parrots studied thus far breed during the dry wintessed/Nirminghaust al.
2001; Selmaret al. 2004; Symes and Perrin 2004; Taylor and Perrin 2006). Capat<drowever,
breed predominantly at the end of winter and beginning ofermWirminghaust al. 2001; Tarboton
2001). Meyer’s Parrots are also reported to breed duringdtyeseason in Zimbabawd.( m.
transvaalensis), Zambia P. m. matschiei), Malawi (P. m. matschiei), Angola . m. matschiei), and
Sudan P.m. meyeri) (White 1965; Rowan 1983; Fey al. 1988; Forshaw 1989; Juniper and Parr 1998;
Hockeyet al. 2005). There are, however, sporadic nesting recordB.for. transvaalensis breeding
activity between October and January in Zimbabwe (Ro®@88). P. m. damarensis and P. m.
transvaalensis are reported to overlap in the Okavango Delta likely fiognan intermediate. Results
from our study and historical nesting records (1918-1996) from SouitaANamibia and Botswana
were used to evaluate breeding seasonaliB ofeyeri damarensis andP. m. transvaalensis in southern

Africa for comparison with results from our study.

Monogamous pairs of Cape Parrots (Wirminghetual. 2001), Grey-headed Parrots (Symes
and Perrin 2004), and Brown-headed Parrots (Taylor andnP2006) are reported to breed
synchronously. Breeding synchrony has been put forward asd$teimportant factor promoting the
evolution of extra-pair mating systems (Birkhead and Biggins 198 7buuryet al. 1994; Stutchbury
and Morton 1995; Weatherhead 1997; Stutchberry 1998; Stutclbaly 1998; Schwagmeyer and
Ketterson 1999; Peteret al. 2003). Extra-pair copulations (EPCs) are, therefore, exgpecte
Poicephalus parrots, unless there are mechanisms that minimizertopyity for extra-pair fertilizations
(e.g. mate-guarding or female detention (e.g. Hornbitiskus spp.)) (Petrie and Kempenaers 1998;
Petrenet al. 1999). Symes and Perrin (2004) put forward that only a smalbgron of a Grey-headed

Parrot population actively nest. Therefore, there areylikelmerous unpaired, non-nesting males
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prospecting for extra-pair fertilizations. Females eitmrome fertile after a few years or seek intra-
specific brood parasitism opportunities (Sandell and Diemer 1983les provision females during
egg-laying and incubation in aHoicephalus parrots studied thus far (Taylor and Perrin 2006; Symes
and Perrin 2004; Wirminghawgt al. 2001). Provisioning males are, therefore, away from the nest
cavity for long periods of time (depending on food resourcelabibily), providing opportunity for
extra-pair fertilizations of synchronously fertile femaheg non-nesting males. Males likely benefit
from EPCs by gaining extra-pair paternity, while the femaénefits by acquiring additional genetic
diversity (Arngvist and Kirkpatrick 2005; Spoah al. 2007). Our study tested the hypothesis that
Meyer's Parrots are socially monogamous and breeding synchrgneitkin an extra-pair mating

system.

Parrots are more insectivorous than initially susge(fershaw 1989) and African parrots have
consistently been found to actively forage for invertawgSelmaret al. 2002; Wirminghaust al.
2002; Symes and Perrin 2003; Warburton and Perrin 2005; TayldPemin 2006).Boyes and Perrin
(Chapter 2: Boyes and Perrin in review a) revealed arglistgitch to arthropod consumption far more
dramatic than previously recorded in otliraicephalus parrots, whereby arthropod consumption was
distinctly seasonal and accounted for 20-72% of the totathiyofeeding activity during the breeding
season (March — February). Phenotypic changes in gutioeteate, digestive efficiency and hence
feeding rate to accommodate dietary switches betweehpsedation, frugivory and insectivory have
been demonstrated in several bird species (Levey and Kai@89; Levey and Martinez Del Rio
2001). Arthropod consumption was previously linked with the bneedctivity of Ruppell's Parrots
(Selmanet al. 2002) and Grey-headed Parrot (Symes and Perrin 2003), but hattiagt Poicephal us
parrots studied thus far (Wirminghaetsal. 2002; Taylor and Perrin 2006). Selmeiral. (2002) put
forward that arthropod consumption likely provided additionakgin necessary for egg production,
chick growth and supplementary metabolic water during the eligas. Infestation rates (within and
between trees) and developmental stage of all arthropwdelan the breeding season diet were
estimated from samples taken in the field. We usedelad¢ive resource abundance of the pods and
fruits parasitized by these larvae over time (Chapter 4: 8apd Perrin in review b) to estimate larval
resource abundance during the breeding season from infeseaais | Our study tested the hypothesis

that Meyer’s Parrots are dependent on arthropod consumptiimg dhe winter breeding season.

Parental effort is the expenditure of parental resourcels as time or energy on the care of
offspring (Siegekt al. 1999). Females of aRoicephalus parrots studied thus far, remain in the nest
cavity from onset of egg-laying and initiate incubation sinmdtausly, after which they share the

provisioning of nestlings with the male (Wirminghaaisl. 2001; Symes and Perrin 2004; Selraaal.
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2004; Taylor and Perrin 2006). Males are reported to ladtémdance throughout the nesting cycle,
provisioning the female and nestlings (Wirminghaual. 2001; Symes and Perrin 2004; Selnetal.
2004; Taylor and Perrin 2006). Numerous parrot species énitiatibation before they complete egg-
laying, thus facilitating asynchronous hatching (Snyder efl@87; Beissinger and Waltman 1991;
Gnam 1991; Stoleson and Beissinger 1995; Beissiagal. 1998). Symes and Perrin (2004) put
forward that hatching asynchrony occurs in Grey-headed tBaivat were unable to confirm this.
Asynchronous hatching results in significant differencesaictiling size and opens opportunity for
avian brood reduction (Stouffer and Power 1991; Stoleson amsdiBger 1997). Our study evaluated
putative stimuli for facultative early incubation and assgéthe applicability of established hypotheses

to hatching asynchrony oicephalus parrots.

Taylor and Perrin (2004) have suggested the social mechambkmdbgroup dynamics in
Poicephalus parrots is likely intra-specific association, wherdlogking is a function of the aggregation
and dispersal of pair sub-units governed by food resourceabili?g. Brown-headed Parrot pairs
showed no special affiliation to other members of theigr@xcept recently hatched progeny), and
therefore, will join or leave the flock voluntarily (Tayland Perrin 2004). On the basis of life-history
traits and breeding requirements, Armstrong and Juritz (1996icteeé that cooperative breeding likely
occurs in Cape Parrots. Wirminghaaigl. (2001), however, found no evidence to support cooperative
breeding. Massa (1995) put forward that breeding synchronynvétltiose colony was important to the
breeding biology of the Red-bellied Parrot, a member of Rheneyeri superspecies. Our study

evaluated intra-specific interactions and territoyalising individual identification (ID) cards.

M ethods
Sudy area

The Okavango Delta was chosen as our study area bemfaitssignificant Meyer’s Parrot population
(Wirminghaus 1997).Our study was conducted in the area surrounding Vundurstdad in the north-
eastern Okavango Delta (Figure 1). Vundumtiki is a wildes area with limited human impact or
disturbance to habitat and animal behaviour. Breedingdeaoere also gathered from other areas in
the Okavango Delta, including Mombo Camp, Chitabe Camp, Blams and Tubu Tree Camp
(Figure 1).
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Figure 1: Map of the Okavango Delta showing area of inundation during flood season and location of Vundumtiki

and Mombo

Climatic conditions in the Okavango Delta are distliy seasonal, comprising a wet season

(November-March) and dry season (April-October)ead annual rainfall is 450-560mm (Ellestyal.

2003; Wolski and Savenije 2006). During the antilead the area covered by water expands from its

annual low of 2500—-4000Krin February—March to its annual high of 6000-1200Din August—

September. Arrival of the annual flood lags thieyaseason and follows one or two months after the

end of rainfall in the region (Gumbricht et al. 20&lleryet al. 2003).
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Questionnaire

Questionnaires were sent out to all Wilderness Safariswina professional guides operating in the
Okavango Delta. Respondents were asked to report on brestiagnality and most important food
resources during the breeding season in their area of igperaRespondents were also asked to
comment on the re-use of Meyer’'s Parrot nest cavities bgr atavity-nesting bird species during

summer.

Individual identification

Meyer’s Parrots are sexually monomorphic (Rowan 1983; JunigeParr 1998). The bright yellow
blaze on the crown is, however, an inconsistent charaaeying with age and subspecies (Rowan
1983). Six Meyer's Parrot subspecies are recognized Rithmeyeri damarensis and P. m.
transvaalensis reported to overlap in the Okavango Delta (White 1965; Rowan 19&3hbable
subspecies were identified using the following criteRam. transvaalensis had full yellow blaze on
their crown,P. m. damarensis had no yellow on their heads, and the intermedRten( damarensis x
transvaalensis) had a mottled or incomplete yellow blaze on their cr@igure 2) (Rowan 1983).

Yellow-blaze or mottles across the crown. Yellow-markings on the carpal joint, tibia and
Represented in all subspecies, excBptm. under-wing coverts were variable between
reichnowi andP. m. damarensis. Basic pattern individuals and basic pattern was consistent
is unique and consistent between years for between years for each individual.

each individual parro

There were significant colour variationg
on the abdomen and rump varying
between bright-green and yellow to
turquoise and blue. This was also notq
on the ID card.

Figure 3: Distinctive yellow-markings proven to be unique to every individual Meyer’s Parrot
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We used the presence and absence of these unique yellowdnabhescrown and carpal joint
to individually identify Meyer’s Parrot within breeding mifFigure 2). We prepared breeding pair
identification (ID) cards when visibility was optimal @ést cavities. Following initial identification of
the breeding pairs, individuals were sexed in the field basedheir breeding roles (e.g. female
remained in the nest during egg-laying and incubation) during sudrstegsits to the nest cavity. High
resolution photographs were taken to facilitate identificain subsequent seasons (when possible).
Breeding pairs comprising twB. m. damarensis were excluded from the intensive nest observations
due to inability to individually identify individuals. The pairs were indentified through association

with the nest cavities.

Data collection

Identification of all fruit- and pod-bearing trees potaltyi used by Meyer's Parrot was done between
July 2003 and July 2004. Tree nomenclature followed Van Wyk andWdn(1997) and Palgrave

(2002). Rainfall was monitored daily using a rain gaugaéah January 2004 and July 2007. The
extent of the flood was monitored using flow rate data froohé&mbo (Figure 1) (Powerserve 2008)
and calibrated to the study site by recording first sigmtigacrement in water level on a measuring

pole in permanent water as the start of the flood.

Food item preferences were monitored five times a weigly wead transects between August
2004 and July 2005, and February 2007 and July 2007 (Chapter 2).

To standardize spatial distribution the sample area wiasedeas the area 250m either side of
an 8.6km standardized road transect - this constitutegshmteof the feeding activity road transect
(Chapter 2). Only breeding pairs utilizing natural cavitigghin this sample area were included.

Sample area was subdivided into four, 1.7 km sections #hengad transect.

Preliminary fieldwork was conducted between August 20@4Jaly 2005. Nest cavities were
located by following “duetting” vocalizations (i.e. bresgli territory announcement) during road
transects conducted five times a week during feeding ecdfaggects (Chapter 2). All breeding
activity was recorded, including courtship and copulatiorerinand intra-specific competition (e.qg.
territorial displays), and predation. All nest cavitissaiated with Meyer’s Parrot breeding activity
were inspected by climbing into the tree and using anteoumirror and LED light to ascertain nesting
period. The nesting cycle was separated into the followistngeperiods: territorial advertisement
and nest preparation; copulation and egg-laying; incubatiaching; nestling; fledging; and post-

fledging. After cessation of breeding by August 2005, a hokedsifled behind the main cavity, when
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possible, to allow for access to nest contents during@Be field season. These holes were sealed with

an 8mm PVC disk and painted brown to minimize reflegtivit

Intensive fieldwork was conducted between February 2007 and A2@0%8. From February
to May, we conducted extensive 4-hour bush walks once a hetgleen 06h00 and 11h00 in each
section of the sample area (i.e. five times a week)tinDlush walks we thoroughly investigated each
section for Meyer’s Parrot nesting and non-nesting activity. (gocializing flocks). Non-nesting
parrots were those found in socializing flocks (i.e. rading) of greater than two parrots after the
initiation of the egg-laying and incubation periods. The foilgadata were recorded when breeding
pairs were encountered: GPS-coordinate of new nestesguttientity from ID cards (when possible);
activity (e.g. nest preparation, feeding, prospecting for nawties), nesting period; and notes on
nesting behaviour (e.g. posturing and vocalizations). Ne#iiesawith actively nesting breeding pairs

(i.e. containing eggs) were classified_as primary nasities Other nest cavities that were prepared

and not used, excavated or altered on more than omssionc or used and then abandoned for the

primary nest cavity nearby, were classified as subsidiasy cavities When non-nesting parrots were

encountered we recorded the following: flock size; @gti.e. socializing, feeding or resting); time of
day; and location and habitat type. On bush walks, all needbrg pairs and nest cavities encountered

were GPS-marked and re-visited until nesting period weertained and new ID cards compiled.

Intensive nest cavity observations began when female fdefarrots took up permanent
occupancy of nest cavity. We conducted 10-hour observatidn® iB-hour shifts using volunteer field
researchers. Observation period varied according toilajisbnstraints (e.g. use of research vehicle).
All observations were made with a 30x Kowa spotting scopleeataximum sighting distance possible
to minimize disturbance of behaviour. Six primary nest cavitath the most identifiable (i.e.
contrasting yellow-markings) and good visibility of nest corgéatg. hole drilled in 2005 field season)
were monitored as part of the intensive nest cavity obsenga(A—E: Table 1). Activity at these nest
cavities was separated into three nesting activityscleoutside cavity (O), away from cavity (A), and
inside cavity (I). ID cards were used until observer dadéntify male and female without referencing.
Exact time of day was recorded every time the nestingitgctlass changed for male, female or
nestlings, or the female or nestling stuck their head outdlsé entrance, nestlings vocalized, or an
unknown, extra-pair Meyer's Parrot arrived at the nest caviidditional information on feeding
behaviour, vocalizations, inter-specific interactionsj-prédatory behaviour (e.g. provisioning away
from the nest cavity and female vigilance), and nest predatas also recorded. Composition of
regurgitate was determined through observation of residuthe nestlings and beak of provisioning

adult (where possible samples were taken from the nesinee)r Two nests a day, six days a week,
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were monitored between March and July. Nest observatismot repeated at a specific cavity until all
other cavities were monitored. Nest inspections wenelucted once a week prior to the copulation and
egg-laying period, after which nest cavities were inggkevery second day until no eggs were laid for
one week. Nest cavities were then inspected once a weitkhenfirst egg hatched, after which

inspections were conducted every other day.

All other nest cavities discovered to be active within $henple area were monitored once a
week during bush walks for one hour to ascertain nesting pefibgse nest cavities were, if active,
inspected bi-monthly or whenever there was a significagnteat one of the primary nest cavities (e.qg.

hatching or fledging).

Nest cavity and ambient temperature readings

DALLAS Thermochron data loggers (Fairbridge Technologies 2006¢ wkrced inside all six nest
cavities monitored during 10-hour nest cavity observatiorsmpEratures inside primary nest cavities
(not under the clutch) were measured every 71 minutes betMaech and July. Control DALLAS
Thermochron data loggers measured temperature fluctuadigry 71 minutes outside each of the

primary nest cavities.

Predation risk and brood parasitism

During nest inspections, remnants of egg shell, blood drdemindicated predation by rodents or Large
Spotted GeneGenetta tigrina, while no sign of predation indicated predation by snakes {éne

snakeThelotornis capensis) (Soraceet al. 2000). Following a predation event, we would conduct 10-
hour nest cavity observations for three days to reaavdesjuent nesting behaviour (if breeding activity

continued).

We recorded all activity of putative brood parasites (eslhetiee Lesser Honeyguidedicator
minor and Greater Honeyguidadicator indicator) in the vicinity of active nest cavities and within the
sample area. We also introduced one fake white egg madefagrto six active Meyer’s Parrot nest
cavities after the first egg was laid to test the tieacof female Meyer’'s Parrots. Fake eggs were
modeled according to egg dimensions for Meyer's Parrot rpdry Rowan (1983) and Juniper and

Parr (1998), and from measurements made in the field (n = 5)
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Arthropod larvae availability and infestation levels

We assessed developmental stage of arthropod larvae ysitegagraphic record and daily inspection
of samples (m 100) of infested pods and fruits held in a controlled enviromm@&hese photographs
were compared with scanned electron microscopy imagée dife cycle ofBruchidius raddianae that

prey onAcacia tortilis subsp. raddiana seeds (Derbedt al. 2007).

We gathered samples (n < 500) of all pods and fruits paesivy arthropod diet that occur in
the breeding season diet from the canopies of trees utilizddelyer’'s Parrots twice a week between
March and June, thus estimating infestation levels witaghdree (VWJ. On bush walks we sampled
pods and fruit (n = 50) from five trees of each speciésetey week and investigated them for evidence
of larval infestation, thus estimating infestation levelsMeen trees (. From these data we estimated
total relative resource abundance of arthropod food itehee ggopulation level by multiplying the total

relative resource abundance of host tree species (T}R&Rapter 4) by Band W,.

Data analyses

For analysis, the 2007 breeding season was split into 18 wiekag on 13 March 2007 and ending 16
July 2007. One breeding pair that achieved fledging was randsetdgted for intensive assessment

and correlation with ambient nest temperatures meagsit the nest cavity.

Breeding synchrony was evaluated using the corrected breedicigreyy index (Sl) forward
by Kempenaers (1993). The following equation was used taulatdc breeding synchrony at
Vundumtiki:

6
1 [ Z:it£1 fi.p

Slytk = —
VIK ™ 6 Lu [tp(F— 1)
p=1

]xlOO

Slytk accounted for differences in population size and duraifotine fertile period. The index was
standardized and thus ranged from 0% when there was no over&tilenderiods to 100% in a fully
synchronous breeding population.  The duration of the feril®g was the period from five days
before the first egg was laid or the day copulation was$ @bserved (which ever was first) until five

days after the last egg was laid (Kempenaers 1993).
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Mayfield’'s estimator (Mayfield 1975) was used to comparsting success (N between

nesting periods, using the following equation:

N = (1 Losses ]np
s = Exposure

The basic units of Mayfield's estimator were “nest dafghnson 1979; Hensler and Nichols 1981,
Farnsworth et al. 2000). Losses could include all nestlingt to predation, brood reduction and
disease; exposure is the total number of active nest dagisip is the number of days in the specific

nesting period being investigated (Ndithia and Perrin 2007).

Relative resource abundance of arthropod larvae was estirbgt estimating the infestation
levels between and within host trees (Boyes and Perrin 8s e We then converted estimates of

relative resource abundance of fruits and seeds in leest @@oyes and Perrin in press c).

Spearman rank correlatiorrg)( was used to evaluate the relationship between pdtentia
environmental triggers for breeding (e.g. temporal food resoabtindance, ambient temperature in
nest cavity, and rainfall) and observed breeding activity.(number of clutches or offspring).
Wilcoxon Matched Pair Test was used to look for significhffierence in parental effort between years,
breeding pairs and sexes. Statistical analysis followedrtand Keough (2002) and STATISTICA 7.1
(Statsoft 2006).

Results
Questionnaire

The results of 28 questionnaires confirmed the year-rourskmpce of Meyer’'s Parrot throughout the
Okavango Delta. Most respondents were unclear on foadinees important during the breeding
season, however, three repor@@anbretum imberbe, two reportedierminalia sericea, and one reported
Sclerocarya birrea caffra.  Eight respondents confirmed that Meyer's Parrots bokeethg winter
between April and July. Nine respondents, however, reporeetlimg throughout the year due to
nesting records between October and December. One respomded that Lilac-breasted Rollers
Coracias caudata utilized a nest cavity previously occupied by Meyer’s Pajrahd another reported

re-use by a Woodland Kingfishetal cyon senegalensis.
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Analysis of historical nesting records

Historical nesting records demonstrate that Meyer’'sd®ahbreed during the dry season between March
and August throughout southern Africa (Figure 3). Thetenged evidence for an auxiliary breeding

season during summer, following the first significant ransovember (Figure 3).

In captivity, the incubation period of Meyer’s Parrots poréed to be between 29-31 days and
nestling period at between eight to nine weeks (Brickell 198%jild pair in a nest box was, however,
reported to incubate the eggs for between 27-31 days, and thegsesere fed by both parents for 13
weeks after hatching before all nestlings fledged togéBrarkell 1985).

Over 76% (n = 13) of records during the incubation period werhe winter dry season
between April and October. Similarly, over 93% (n = 15)emfords during the nestling period were
also during the winter dry season. There were, howegrifisant differences in breeding seasonality
between 1918 and 1994.

There was also a significant difference between breedéeagonality in different regions,
whereby the Namibian, Angolan, Zimbabwean and South Afpcgulations all bred during the winter
dry season, while Meyer's Parrots in the Zimbabwean highlareds during the summer wet season.
There was evidence for predation at seven of the nestesaxéitorded on nesting records. Failure of
eggs to hatch was recorded on six occasions and three abandshedvities were discovered. There
was one nesting record in Zimbabwe in 1953 that reportsame lunknown eggs that appeared to be

those of the Greater Honeyguileli cator indicator.

Adult survival, pair-bonding and territoriality

Yellow-markings were unique to individual Meyer’'s Parrotghim the study area. According to re-
sightings of breeding pairs with ID cards at the same resties in subsequent years, adult survival
was high with breeding pairs A and D utilizing the same nesities and remaining socially

monogamous for four years. Breeding pairs C and E alsoegtitze same primary nest cavity and

remained socially monogamous for at least two years.

Breeding pairs A—F were shown to establish breeding terstafidoetween one and six nest
cavities within an area of up to 160 ha (Table 2). Mateaate and maintained all of the nest cavities
within the breeding territory, often with the female tteadance. Territorial vocalizations and duetting
occurred at primary and auxiliary nest cavities. Adlhsings were confirmed using ID cards and high

resolution digital images (when available).
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Inter- and intra-specific breeding territory defence wdiequent. Following the Large Spotted
Genet predation event (breeding pair E: NC17), however, anaddibreeding pair arrived at the nest
cavity and chased the predator away, after which thétackad the, now unpaired, male and usurped

the breeding territory.

During the 68 bush walks within the sample area we observdd fldanon-nesting parrots on
22 occasions. Mean non-nesting flock size was 9 + 0.43 pamithtsa maximum flock size of 18.
Highest probability of detecting non-nesting flocks was in M&@07 (32%, n = 7), followed by April
(27%, n = 6) and May (27%, n = 6). Twenty bush walks werelucted in each of these months (n =
60). These gatherings were confirmed to comprise non-ngsimgts by comparing behaviour with
nesting parrots over precisely the same time period. Mdgeptirrots as 10-hour observations in the
study area were either inside the nest cavity (i.e. Bnw provisioning the female and/or chicks (i.e.
male), and thus did not have time to aggregate in thege fiocks. Non-nesting or “singles club”
flocks were followed for 85.77 + 9.60 minutes (n = 22). Upobafsling pairs were followed on nest
inspection forays on three occasions and were found pecdhsip to 5 cavities per hour, thus indicating

breeding behaviour, but no nesting activity.

There was no separation of subspecies during the breeding,sghsogby breeding pairs A —
E were all mixed pairs. Overall there were eighin. damarensis (44%), fiveP. m. transvaalensis
(28%), and five intermediates (28%).

Breeding seasonality

We recorded breeding activity at 75 nest cavities duringstudy, including 28 within the 860 ha

sample area along the 8.6 km road transect in the Vundustiity area (Table 2), 16 in the Mombo
area, 11 in the Tubu Tree area, seven in the Chitabefie# the Duba area, and four in the Xigera
area (Figure 1). Over 90% (n = 64) of nesting attempts meawke from March—July 2005 and 2007

(Figure 4) - this was recognized as the primary breedinggedkhere was no significant difference

between number and timing of clutches in the 2005 and 2007 primagglilgeseasons (Wilcoxon
Matched Pairs: T = 2.5; Z = 1.68; p-level = 0.093) (FigureB¥eeding activity outside of the primary
breeding season was recorded between October and Jahbdoynbo Camp (n = 3), Tubu Tree Camp

(n = 2), and Vundumtiki (n = 2) — this was recognizethasauxiliary breeding season
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Table 1: Breeding territories of eight Meyer's Parrot breedpairs at Vundumtiki. Bold indicates

primary nest cavity used for breeding. All other roastities are subsidiary.

Nest cavity Territoriality
Distance to Size of
primary breeding
Breeding Nest nest cavity territory
pairs cavity FAMILY/Species (m) (ha)
A NCO1 LEGUMINOSAE/Acacia nigrescens -
NC02 EBENACEAE/Diospyros mespiliformis 59 14.95
NCO03 LEGUMINOSAE/Acacia nigrescens 228
NC04 LEGUMINOSAE/Colophospermum mopane 213

B NCO05 LEGUMINOSAE/Lonchocarpus capassa -
NCO06 LEGUMINOSAE/Acacia nigrescens 290
NCO7 EBENACEAE/Diospyros mespiliformis 246 57 82
NCO08 LEGUMINOSAE/Acacia nigrescens 343
NC09 LEGUMINOSAE/Acacia nigrescens 477
NC10 MORACEAE/Ficus sycomorus 429

C NC11  COMBRETACEAE/Combretum imberbe 662
NC12 COMBRETACEAE/ Combretum imberbe - 160.16
NC13 LEGUMINOSAE/Colophospermum mopane 714
NC14 BOMBACEAE/Adansonia digitata 24

D NC15 COMBRETACEAE/Combretum imberbe 256 20.59
NC16 COMBRETACEAE/ Combretum imberbe -
E NC17 LEGUMINOSAE/Acacia nigrescens -
NC18 LEGUMINOSAE/Acacia nigrescens 126 35.68
NC19 LEGUMINOSAE/Acacia nigrescens 328
NC20 LEGUMINOSAE/Acacia nigrescens 337

F NC21 LEGUMINOSAE/Acacia nigrescens - 57 55
NC22 LEGUMINOSAE/Acacia nigrescens 428

G NC23 LEGUMINOSAE/Colophospermum mopane - -

H NC24 LEGUMINOSAE/Colophospermum mopane - -

I NC25 LEGUMINOSAE/Acacia nigrescens - -
No ID NC26 LEGUMINOSAE/Acacia nigrescens - -
No ID NC27  COMBRETACEAE/Combretum imberbe - -
No ID NC28 LEGUMINOSAE/Acacia erioloba - -
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Figure 3: Historical nesting records from South Africa, Namilfagola and Zimbabwe (1918-1996)
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Figure 4: (a) Total monthly rainfall at Vundumtiki study site beem 2004 and 2007; (b) No. of clutches
recorded within the sample area at Vundumtiki during 2004, 2002601 field seasons; (¢) Mean flood
flow rate at Mohembo corrected to delay in flooding ahtumtiki.
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Breeding synchrony

Over the 2007 breeding season, Meyer’s Parrots bred synchronetweh 21 March 2007 and 1 July
2007 with a breeding synchrony index (Sl) value76f26% (Table 3). In addition, there was no
significant difference in the nesting cycles of the maldsr@eding pairs A and F over 18 months (N =
54; T = 512.0; Z = 0.311, p-level = 0.755). Similarly, there wasigruf&ant difference in the nesting

cycles of the females in breeding pairs A and F (N = 54,4PG0; Z = 0.875; p-level = 0.381). Similar

relationships were found between breeding pairs B, Cd¥Ean

Environmental constraints

The primary breeding season coincided with the cessationnéflisand the arrival of the annual flood
(Figure 4). During 2007, there was a significant negative ediwal between monthly rainfall and
number of eggs or nestlings in all nest cavities eachthmon= 7; ¢ = -0.867; t(n-2) = -3.89; p-level =

0.011). Flood regime had no direct impact on breeding biology.

Arthropod larvae consumed by Meyer's Parrots during theeding season, included the
following: Red Marula caterpillaussidia nigrivenella (Lepidotera Pyralidae) feeding onSclerocarya
birrea caffra fruit; bruchid beetle larv&aryedon spp. (ColeopteraBruchidae) feeding on seed inside
Combretum hereroense and Terminalia sericea pods; bruchid beetle larv®ruchidius uberatus
(ColeopteraPruchidae) feeding on seed insidcacia erioloba pods, and an unknown owlet mdénva

(LepidopteraNoctuidae) feeding on seed insid&ol ophosper mum mopane pods (Table 4; Figure 4).

The unknown owlet moth larvae (Lepidoptaiactuidae) and Red Marula caterpillars were both
observed to pupate shortly after feeding by Meyer's Panassfirst reported. Bruchid larvaeTn
sericea, C. hereroense andA. erioloba all maintained constant size throughout the sample period
Bruchids insiddlerminalia sericea pods were demonstrated to pupate outside the pod (Figuredsa) an

emerge in November (Figure 6b).

They were all available during the egg-laying and incubation peaod bruchid larvae i@.
hereroense were available for the longest period (Figure 7(a)). Theas a significant positive
correlation between relative weekly resource abundance wihidr beetle larvae incubating iG.
hereroense and weekly feeding activity on this food resource (Chaptever 18 weeks (= 0.47; t(n-2)
= 2.16; p-level = 0.047). Similarly, there was a significasgigpve correlation between relative resource
abundance of Red Marula caterpillars feedingsdoirrea caffra fruit pulp and observed feeding activity
(rs=0.74; t(n-2) = 4.42; p-level < 0.001). Meyer’'s Parrots astked the relative resource abundance of

an unknown owlet moth (LepidopterBlpctuidae) incubating in and feeding o@. mopane pods (g =
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0.83; t(n-2) = 6.06; p-level < 0.001). There was, however, no &ignifcorrelation between feeding
activity and relative resource abundance of bruchid beetladanT. sericea pods during the breeding
season (= -0.28; t (n-2) = -1.17; p-level = 0.259) (Figure 7).

Social constraints

There were 26 cavity-nesting bird species observed in the atadyTable 4). Over 80% (n = 23) of the
Meyer’s Parrot nest cavities located in the Vundumtikidg area were subsequently re-used by other
cavity-nesting birds species, including nine species in 25ingeevents (Table 4). There was one
instance, when two bird species, Woodland Kingfisherd #lad-breasted Rollers, bred successfully in a

Meyer's Parrot nest cavity (NC04) during the 2005 summer bresdampn.

Inter-specific competition for nest cavities during theddging season was limited due to
inactivity of all other cavity-nesting bird species aadasence of migratory cavity-nesting species (e.g.
Woodland Kingfisher). Meyer Parrots were, however, chasedy from potential nest cavities by
Burchell's Starlingdamprotornis australis in February. Meyer’s Parrots were also observed tattire
compete with Lilac-breasted Rollers for a nest cavitamAcacia erioloba tree in October prior to the

auxiliary breeding season.

During incubation, the female stuck her head out the nest holg &wer there was a sound
outside (e.g. foraging animals or disturbance by investigaitidicating sensitivity to predation risk
inside the nest cavity. Predation events on adults vmenggver infrequent, whereby only one female,
from breeding pair D (Table 1), was killed by a Large Spdedet at nest cavity NC17 during the 2007
primary breeding season (Table 2). This predation evehided the loss of three eggs and a chick. In
addition, there was an unconfirmed snake predation event dhenigcubation period (breeding pair G
(NC23) (Table 3). During the 2005 primary breeding season, Treetdviafaranus albigularis and
GymnogenePolyboroides typus preyed on three nestlings each, while a Fish EHgléaeetus vocifer

preyed on fledglings near the nest cavity.

Mayfield’s estimator predicted nest failure probabilité®.204 and 0.080 for the incubation and

nestling periods respectively (Table 2).
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Chapter 9: Breeding biology of Meyer’s Parrot

Table 4: Other cavity-nesting bird species observed within #rapte area at Vundumtiki. ()

indicate number of Meyer’s Parrot nest cavities syisetly utilized by this species.

FAMILY

Species

Common name

STRIGIDAE

HALCYONIDAE

CORACIDAE

PHOENICULIDAE

BUCEROTIDAE

LYBIIDAE

PICIDAE

PARIDAE
STURNIDAE

BUPHAGIDAE

Otus senegalensis

O. leucaotis

Glaucidium perlatum

G. capense

Halcyon senegalensis
H. chelicuti

Coracias caudata

C. naevia

Eurystomus glaucurus
Phoeniculus purpureus
Rhinopomastus cyanomelas
Tockus nasutus

T. erythrorhynchus

T. leucomelas

Lybius torquatus
Trachyphonus vaillantii
Campethera bennettii

C. abingoni
Dendropicos fuscescens
Thripias namaquus
Parus niger
Cinnyricinclus leucogaster
Lamprotornis australis
L. mevesii

L. nitens

Buphagus africanus

African Scops Owl
White-faced Owl
Pearl-spotted Owl

Barred Owl

Woodland Kingfisher(1)
Striped Kingfisher
Lilac-breasted Roller(2)
Purple Roller

Broad-billed Roller(1)
Red-billed Woodhoopoe(5)*
Scimitar-billed Woodhoopoe
Grey Hornbill

Red-billed Hornbill
Southern Yellow-billed Hornbill
Black-collared Barbet(3)*
Crested Barbet(6)*
Bennett's Woodpecker
Golden-tailed Woodpecker
Cardinal Woodpecker*
Bearded Woodpecker*
Southern Black Tit(1)
Plum-coloured Starling
Burchell's Starling(4)
Long-tailed Starling(2)
Glossy Starling
Yellow-billed Oxpecker

*denotes species known to breed sporadically during winter
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Figure 7: (a) Total relative resource abundance of pacaSitileopteron larvae incubating @ hereroense
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Nesting cycle

At Vundumtiki, the sample area of 860 ha along the 8.6 knd tansect was searched thoroughly,
yielding 28 nest cavities utilized by 12 breeding pairs (Table®)er 1700 hours of nest observations
were recorded between March 15 and July 14. Due to ndisagnidifference in breeding behaviour
between breeding pairs A—F and a very high breeding synchrony wadies, we randomly selected

breeding pair A for the analysis of parental effort arstlimg behaviour.

There were distinct sex-based parental roles in each ggstinod, whereby the female was
responsible for all incubation and nesting effort, while tiade was solely responsible for provisioning

the female and nestlings until Week 10, after which the leest@ared provisioning (Figure 7).

Nest advertisement and preparation

Meyer’s Parrots initiated breeding activity synchronouslyearly to mid-February with territorial
displays (e.g. “arch-angelling” and posturing by males) ‘@uetting” (i.e. synchronized vocalizations)
by breeding pairs at prospective primary nest cavities (Taple Phese “duetting” or territorial
vocalizations were unique to the contact and feeding ieadtsrded during our study (Boyes unpub. data).
Territorial vocalizations peaked in the early morning ke afternoon. Conflict was infrequent and only
observed on three occasions. Breeding pairs prepared negschyitremoving any plant material or
animal waste together with wood chips. All auxiliary nestitess within the breeding territory were
excavated further and prepared for breeding (i.e. cleahed)g this period. Territorial advertisement
and nest preparation continued until the end of Marchnwdapulation began and females took up
permanent residence in their nest cavities for egg-layingreotiation. Males regurgitated a mixture of

seed pulp and arthropod larvae to female throughout this period

Copulation, egg-laying and incubation periods

Copulation occurred between March 20 and April 15 (Table 2)ye &opulation events were witnessed
during the study period. All of these were within 100m ofribst cavity of known (i.e. with ID cards)

breeding pairs. Copulation events observed were all betweeditggoairs. Copulation was precluded
by complex courtship displays by the male, whereby male walkednd down the perch frequently
head-bobbing and doing wing extensions (e.g. arch-angelling) makeetypically mounted the female by
stepping onto her back, then lowering his tail to one side aflsed tail and making cloacal contact 10—

20 times before moving his tail to the other side and repeaytig.
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Figure 8: Breeding roles of male and female (Breeding paimAjl mean weekly temperatur€€Y inside the nest

cavity (not under brood) at NC0O1
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Copulation bouts lasted for 20.6 + 1.21 minutes (n = 5) anhoeacal contact rate of 64.2 + 3.23 contact or
flicks per minute was recorded. The female receivedrakvegurgitations before consenting. All
regurgitate provisioned to the female over this period congrésgirely of insect larvae. On one

occasion, the breeding pair was followed and observed toatepgala nearby tree.

Mean egg-laying period was 8.8 + 1.46 days (n = 8). Eggs weielly laid every other day
over this period. Mean clutch size was 3.3 + 0.17 eggs9n Mean incubation period was 30.2 + 0.29
days (n = 10). Between weeks 3-9 females remained irfsedeavity for 72-93% of the observation
period (Figure 7). There was a dramatic increase iarint of time the male spent outside the nest in
week 3, while the female was fertile and laying eggs. kewmaly left the cavity to receive arthropod

regurgitate from the male.

The influence of temperature fluctuations inside the negitycan the nesting behaviour of
female was significant, whereby there was a signifipasitive correlation between the amount of time
spent outside the cavity during incubation and nest cavity t@type (n = 9;4= 0.767; t(n-2) = 3.16; p-
level = 0.016). There was, however, no significant cormidtetween the amount of time spent with her
head at the entrance and nest cavity temperatures (n, = 0;150; t(n-2) = 0.40; p-level > 0.05) (Figure
7). In addition, females stuck their head out the hole auswythere was a disturbance outside the nest
cavity, indicating that this behaviour was the product ofi-pm@datory behaviour and not nest
temperature regulation. During incubation there was a fisignt positive correlation between
provisioning rate by male to incubating female and rejeai@da by female (n = 9; = 0.714; t(n-2) =
2.5; p-level = 0.046), whereby she ignored the calling of the atalee entrance of the hole (Figure 8).
The female was only provisioned at the nest cavity during egggtaotherwise she was provisioned
away from the cavity (Figure 8). The male typically landed tree near the nest cavity and vocalized to
alert the female, after which she left the nest cavityemeive regurgitate in the adjacent tree or
elsewhere. Composition of regurgitate was almost exalysa creamy, white paste of arthropod parts.

There was no evidence of plant material in regurgit@itee females return to the nest cavity was silent.

During the copulation and egg-laying periods, we observert wk assumed to be additional
nest attendants (e.g. fledglings from the previous breedingrgeas two or three times a day. These
parrots vocalized outside of the nest in a similar fastoathe male from the breeding pair. The female
would then emerge and leave the nest with this parrot, peddeno receive regurgitate. Extra-pair
visitations to the nest cavity occurred at a rate of 0.1-0.12 wier hour (Figure 8). After the egg-laying

period, these additional nest attendants no longer visitatetie
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Figure 9: (a) Number of provisioning events at and away frastcavity; (b) Provisioning rate by paired
male, percentage total visits rejected and incidence od-gsir visits; during copulation and egg-laying
period (Week 3 and 4) and incubation period (Weeks 5-9)
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There was no direct evidence
brood parasitism, however, Lesst
Honeyguides were observed to be acti
and prospecting in the vicinity of activi . *
nest cavities on 12 occasions. All six fal

white Meyer’s Parrot eggs were destroyzt

and rejected by the female Meyer’s Part
within 24 hours of placement in the clutc
(Figure 11).

Figure 11: Fake white Meyer’s Parrot egg rejected and
destroyed by femalMeyer’s Parrot during eclaying periot

Hatching and nestling periods

Both female and male assisted in hatching, as doadalbumen was observed on their beaks aftegbein
inside the nest cavity during the hatching periodveek 8. Hatching was asynchronous, whereby eggs
were hatched every second day for approximatelgekwTable 2). A total of 28 eggs were laid during
our study and only two failed to hatch. Upon hatghof the last chick there was a pronounced cdkfiee

in body size and development. Females remainéueimest cavity until week 10 before leaving tasiss
the male in provisioning the nestlings (Figure 8Both socially monogamous parents shared the
provisioning of the nestlings equally (Figure 9(apetween Week 10 and Week 12, nestlings were fed
predominantly inside the nest cavity and “beggingtalizations were minimized. After week 12, the
nestlings became a lot more vocal at the nest agdrgitation was predominantly at the nest cavity
entrance (Figure 9(b)). There was a significarditp@ correlation between percentage total obdenva
time spent at the entrance of the nest cavity Isylings and percentage total time spent beggirggnr,
=0.898; t(n-2) = 6.1; p-level < 0.001) (Figure (b

Meyer’s Parrot nestlings were light grey in coloand thus perfectly camouflaged to the colour
of dead, sun-bleacheitacia nigrescens, C. imberbe andC. mopane bark and wood — nest hole was more
difficult to differentiate when nestling had heatd emtrance. There was also a significant positive
correlation between total resource abundance bf@rod larvae and total provisioning rate to thstne
cavity (including male and female) over 18 weeks=(r0.51; t(n-2) = -2.40; p-level = 0.029) (Figure
5(c)). Regurgitate was still a creamy, white padtarthropod larvae until week 11, after whichrthevas

more and more evidence of seed material (&.gnberbe seed pulp).
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Fledging and post-fledging periods

Fledging period started when nestlings began to spend ahdiseéir time vocalizing at the nest cavity
entrance (Figure 10). From week 13, regurgitate was preddiyiraryellow paste comprising.
imberbe seeds. There was no evidence of arthropod parts or larvagungitate in week 14. Male
provisioning rate declined considerably prior to fledging in week(Fi§ure 10(a)). Fledging was
synchronous between June 28 and July 1 in all primary nest cavitiehere was no apparent difference

in the size or strength on the wing of the fledglings.

The post-fledging period was characterized by the madefemale provisioning the fledglings
within an area of approximately 2-5 ha around the nest caMgle and female provisioning rates prior
to fledging resumed on day two and there was no signifidasmhge during the first two weeks of the
post-fledging period. Fledglings did not re-enter the negtycéollowing fledging, however, they did
use the nest tree as a gathering point for regurgitatiohebgarents. Fledglings were observed to roost in
“nursery” trees, usually dense foliage #figelia africana, Diospyros mespiliformis or Garcinia
livingstonia. First signs of feeding independently were on unbpeespiliformis fruits on day six after
fledging. They were also observed to feed onkhafricana fruits, and chew on bark, leaves and wood.
Whilst the parents were foraging, the chicks remaineditsded motionless, often sleeping in dense

foliage.

Discussion
Atypical winter breeding seasonality

Winter breeding seasonality is atypical in southern Afrishereby all cavity-nesting bird species breed
during the summer months, with the notable exceptions of #tbifled Woodhoopod>hoeniculus
purpureus, Black-collared Barbetybius torquatus, Crested Barbefrachyphonus vaillantii, Bearded
WoodpeckerThripias namaquus and Cardinal Woodpecké&endropicus fuscescens that are reported to

breed occasionally in winter in their southern Africange (Tarboton 2001; Hockeyal. 2005).

According to Tarboton (2001) and Hocketyal. (2005), there are 57 cavity-nesting bird species
in southern Africa, including seven primary excavators, f&dgminantly secondary cavity-nesting
species, 32 species that utilize natural cavities, andliatenest in clay embankments. Of which 45 are
represented in the Okavango Delta, including 29 small-dod&vity-nesting bird species likely to
compete with Meyer’s Parrots for nest cavities withia hest web (Martin and Eadie 1999; Aitletral.

2001). Over 80% of Meyer’'s Parrot nest cavities were redog@ther cavity-nesting bird species during
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summer, including the Crested Barbet, Red-billed WoodhooBtagk-collared Barbet, Burchell's

Starling and Meve’s Starlingamprotornis mevesii. All of these are powerful insectivores (i.e. high
energy with strong beaks), and therefore, likely abiigplace Meyer’s Parrots from nest cavities. Inter-
specific competition for Meyer’'s Parrot nest cavities mgirsummer is, therefore, likely an important

selection mechanism for the winter breeding seasonal¥jeger’s Parrots.

Ingold (1996; 1998) demonstrated that a high proportion of Northé&keFs Colaptes auratus

were forced to delay breeding due to competition from jEean StarlingSturnus vulgaris, thus having a
significant effect on their reproductive success at the pgpual level. Koenig (2003) also recognized
starlings as aggressive cavity-nesters that usurpedesafriom other bird species, resulting in adverse
effects on their breeding biology. Meyer’s Parrots werergbsgeto compete with Burchell's Starlings
and seemingly postponed nest preparation and territoriattes@weent until the cessation of breeding by
this large, aggressive cavity-nesting bird species. Cadpss¥s StarlingLamprotornis nitens and
Burchell's Starlings were aggressive towards Ruppell’'sd®amwhen nesting (Selmagt al. 2004).
Competition with Burchell's Starlings and other largerosetary cavity-nesting bird species (e.g. Lilac-
breasted Rollers) likely dictates onset of territoryaleshment and nest preparation in the Vundumtiki
area. Competition for Meyer’s Parrot nest cavitieslcte due to the modifications Meyer’'s Parrots
make to their adopted nest cavities (i.e. long entrdaage cavity and clean interior) (Chapter 11: Boyes

and Perrin in review c).

Preference for arthropod food resources during egg-laying andrgmghl mobilization of
endogenous protein reserves suggest that increased proteiremesuis of nesting female birds are
physiologically important during the breeding effort (Robbins 188dman and Houston 1996; Houston
1997; Cottanet al. 2002). Robbins (1981) estimated that the daily cost of egg produotwild birds
varied between species from 37-216% of normal daily energybolista and from 86-230% of daily
protein requirements. Therefore, it is likely thadbiwith high metabolic costs for egg production and
incubation have synchronous breeding seasons according to thé&¥altadbility hypothesis put forward
by Lack (1967), whereby birds time their breeding effort to edenavith the season of maximum food

availability each year.

Although seeds contain high concentrations of crude prdtesy,are usually deficient in several
essential amino acids which are critical for reproduc{Hawley 1997; Arnot and Perrin 1999). Baedjo
al. (2006) found Coleopteran and Lepidopteron larvae to be high in protein and essential amino
acids, vitamins A and vitamin C, as well as calciinom and magnesium, which are all important in egg
production. The only other source of animal protein was endogewotein reserves (e.g. muscle). The

only evidence in our study that dilutes the importance tfrgpod larvae in the breeding biology of
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Meyer's Parrots is the high rejection rate during the indoibagteriod, thus indicating that females are, at
least in part, dependent on endogenous protein reserves andgldyesensitive to predation risk, and
therefore, choose to reject provisioning opportunities. tSCo incubation during winter are probably
very high due to low temperatures, and therefore, arthrdgrode are likely a significant source of
supplementary protein necessary for egg production, chick lyrolne maintenance of female condition,
and supplementary metabolic water during the dry season.mé&les, the consumption of Red Marula
caterpillars and energy-ricB birrea caffra fruit pulp in the early breeding season may function to

maintain muscle condition during this high cost period.

Bruchid Beetle larva insid€. hereroense pods were the most important food resource during the
breeding season, as they formed the primary constitueagofgitate to incubating females and nestlings
from egg-laying to the beginning of the fledging period. Our figslicorresponded with those of Derbel
et al. (2007) on the life cycle dBruchidius raddianae that preyed omcacia tortilis subsp. raddiana.
Based on comparison with photograph8ofaddianae larval instars (Derbadt al. 2007), it is clear that
Meyer’s Parrots target the third instar larvadBofichidius spp., which develops in April. According to
Derbelet al. (2007), the larval stage last for six weeks, after whighlarvae pupate in July. Therefore,
our study demonstrated that Meyer’'s Parrot track the teahpmod resource abundance and
developmental stage of Coleopteran and Lepidopteron larvabaiicg inside and feeding on seeds
inside pods and fruits in their diet. It is likely thaeyr's Parrots synchronize egg-laying and incubation
with the period of highest arthropod larvae availability. li2éet al. (2007) found that infestation levels
of A. tortilis raddianae seeds by bruchids vary from one year to the next accordinginudity,
temperature and rainfall. In our study, despite marensive sampling there were fewer nest attempts
recorded during 2007 than there were recorded in 2005, which hadcsigtiyfinigher rainfall — 445mm
(2005) and 338mm (2007) between November the previous year and Martie absence of a direct
comparison of infestation levels between years, this irefidiiat Meyer’s Parrots initiated fewer nesting
attempts due to lower rainfall and resultant declinefiestation levels. Therefore, during periods of low
annual rainfall and relative humidity, Meyer’s Parrotay have lower fecundity. Arthropod larvae are
likely an important, yet unpredictable cue for breedihgstsupporting the hypothesis that endogenous
protein reserves and arthropod larvae likely interadetermining individual fecundity. Provisioning of
females with arthropod larvae during courtship and copulateyiod by males together with territorial
vocalizations are likely important in the synchronizatiothaf breeding effort at the population level, as

observed during this study.

Meyer’s Parrots have the widest distributional range ofAsrnigan parrot, exceeding that of the

African or Rose-ringed Parakededittacula krameri and Red-faced Lovebirdlgapornis pullarius (Juniper
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and Parr 1998), and therefore, their phyletic line has demtetstiis ability to out compete other
Poicephalus parrots for space and resources over geological time. Bruobéalles parasitize
Leguminosae and Combretaceae pods throughout subtropicah Atiostet al. 1990; Miller 1996;
Derbel et al. 2007), and thus exclusive access to this cryptic resourceot#irprich arthropod larvae
during the winter breeding season may facilitate this appaseological advantage over other
Poicephalus parrots in subtropical Africa. Seeds from the hoststreethese arthropod larvae are,
however, reported in the breeding season diets of Rippelist®aBrown-headed Parrots and Grey-
headed Parrots. Further investigation is, therefore, emjum ascertain whether theBeicephalus

parrots prey on the arthropod larvae that parasitizettiee species throughout Africa.

Nest predation is a primary cause of nest failure in niinalg and an important factor in the life
history evolution of secondary cavity-nesting bird species (ilon and Eddington 1972; Martin 1996;
Martin and Clobert 1996; Brightsmith 2005; Muchai and du Pl&$¥%). Our study recorded predation
of a breeding female and the loss of 25% of the offspriagther research is required on the seasonality
of predation risk to cavity-nesting species in the OkgwaDelta; however, predation risk is probably
higher during summer due to increased breeding activitgreflators (e.g. Large Spotted Genet and
Gymnogene) over this period (Skinner and Smithers 1990). Incrgmsedtal activity at the nest
increases predation risk (Dunn 1977; Muchai and du Plessis 200&ce®bal. 2000) and Meyer’'s
Parrots demonstrated high levels of vigilance at the nestycand cryptic provisioning behaviour by
avoiding regurgitation events at the nest cavity. Meyer'soBaare long-lived, socially monogamous
non-passerines, and therefore, adult survival is very imgoré/inter breeding seasonality increases the
probability that female Meyer's Parrots survive the eggrlgyand incubation period when they are

permanently in the nest cavity.

Rainfall is known to be a stimulus for initiating breedingarid-zone birds (Lloyd 1999). In our
study, however, there was significant lag time, wherebwyfathi between November and January
influenced arthropod infestation levels which only becanadlahle to Meyer’s Parrots at the third instar
larval stage oBruchidius spp.. Radford and du Plessis (2003) found that Red-billed Woodhsdyzuk
significantly lower nesting success in the wet breeding seagitim 25% of the variation in fledging
success explained by the total rainfall in that period. Wéeiditions were shown to reduce nesting
success by reducing the amount of food delivered to the neséintjflooding of the nest cavity (Radford
and du Plessis 2003). It is, therefore, reasonable to agbatenvhen possible, cavity-nesting bird
species avoid breeding during wet periods. However, breedingot occur without suitable food
resources outside of the wet season (Stutchbury and Morton 2@G5hR result, we demonstrated a

significant negative correlation between monthly rainfalt @otal number of clutches, whereby the
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influence of rainfall was indirect and likely linked declining food resource availability (e.g. insects and
ripe fruits) for other cavity-nesting bird species anksaguent cessation of their breeding activity (often
in Meyer’s Parrot nest cavities). Consumption of artodofarvae protected inside Combretaceae and
Leguminosae pods enables Meyer’s Parrots to breed dherdry season when other cavity-nesting bird

species, which are predominantly insectivorous, expeririced resource bottleneck.

Our findings support the hypothesis that the breeding seasocolaMgyer’s Parrots is dependent on the
interrelationship of inter-specific competition for MegeParrot nest cavities during summer, likely
reduced predation risk during winter, and resource abundioteations of arthropod larvae. Based on
the findings of Boyes and Perrin (Chapter 2) and this studgdiog during the auxiliary breeding season
is likely in response Pssillid beetle and fig wasp laresburce abundance, and availability of suitable

nest cavities.

Breeding synchrony and possible extra-pair copulations (EPCs)

All  Poicephalus parrots studied thus far demonstrate high breeding synchronygduwvinter
Wirminghauset al. 2001; Selmaumt al. 2004; Symes and Perrin 2004; Taylor and Perrin 2006). Breeding
synchrony, regardless of the facilitation mechanism (@cglizations or food quality), requires breeding
stimuli such as rainfall (Lloyd 1999), food availability (Lat®67; Eikenaart al. 2003), or social
constraints (e.g. inter-specific competition for nestittes (Aitkenet al. (2002) or predation risk (Morton
1971)). Our study supports the hypothesis that the stimubriseding synchrony are the cessation of
rainfall, the availability of arthropod larvae, and ¢@hg breeding until the cessation of nesting activities

by other large cavity-nesting bird species (e.g. Burch8lisling).

The facilitation mechanism are unclear, however, synchromizaif breeding at the local
population level necessitates synchronous female fertiliyt¢8oury and Morton 1995; Weatherhead
1997; Weatherhead and Yezerinac 1998; Yezerinac and Weathe26@3y Meyer's Parrots are
intrinsically social (Holyoak and Holyoak 1972) and utilize cammal roosts outside the breeding season.
Therefore, socializing at activity centres near comrhuowsts (Chapter 8: Boyes and Perrin in review d),
followed by subsequent territorial vocalizations or “duet by breeding pairs likely facilitate
synchronous territory establishment and initiation of copriaat the population level. An additional
mechanism that likely supports synchronous female fertilifgrazisioning of females by pair-bonded
males thus enabling females to measure arthropod fooarcesavailability and abundance (i.e. through

provisioning rate).
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The application of molecular genetics techniques has relvehé birds are rarely sexually
monogamous, with extra-pair offspring found in approximately 9@%pecies (Griffithet al. 2002).
Even among socially monogamous species over 11% of offspring arestlie of extra-pair paternity
(Griffith et al. 2002). Our study demonstrated that extra-pair Meyer's Pasrotssioned pair-bonded
females during the egg-laying period, but did not confirm gxaiafertilizations. These were unlikely to
be offspring from the previous season, as visitations cedisgag the incubations period and these

parrots were never observed in the vicinity when the madeatvthe nest cavity.

Based on frequent sightings of large flocks non-nesting MeYatrots it appears that, similar to
Symes and Perrin (2004) observed in the Grey-headed Parrastab08o of the local population was
non-nesting. If the Therefore, there are likely numerous teghanales seeking extra-pair fertilizations
by soliciting fertile, synchronously nesting females witlthimpod regurgitate. In addition, to
circumstantial evidence, there is evidence of EPCs iméséng behaviour of Meyer’s Parrots, whereby
males exhibit mate-guarding behaviouMate-guarding is the primary mechanism used by males to
mitigate the risk of extra-pair copulations (Ritchisom &latt 1994; Pinxten and Eens 1997). In our
study, breeding males perched outside the nest cavity foi70%&rof time during the copulation and egg-
laying period, seeming to invest all their time in materdu and provisioning the female.
Whittingham (1993) noted similar behaviour in male Red-wingéackbirds Agelaius phoeniceus,
whereby they decreased mating (i.e. seeking extra-pair cgmslptand somatic (i.e. maintenance
activities) effort during provisioning of nestlings. Provisionnage by male Meyer’'s Parrots to females
also peaked during the egg-laying period, after which itimkstl significantly and then increased
gradually until the female left the nest cavity to assigirovisioning the nestlings (Figure 7). Although
speculative, this decline in provisioning rate may represemesmaithholding parental effort due to
suspicion of non-paternity of offspring. It is, however, mokelyi, due to the high rejection rate, that
females prioritize, as far as possible, the minimizagbpredation risk over energetic and nutritional
requirements during incubation. Meyer’'s Parrots also hh&elongest copulation bout time of any
African parrot studied thus far (Warburton and Perrin 20@eeding pairs typically mounted for over
20 minutes and made genital contact over 1300 times, repeated| deves a day. This represents

significant energy expenditure by the male likely to mininmgportunity for EPCs.

Spoonet al. (2007) suggest that extra-pair copulations facilitate matelswg in cockatiels and
that behavioural compatibility is important in mate régten Our study, however, supports the
hypothesis that Meyer’s Parrots maintain socially monagyesnpair bonds over at least four years within

an extra-pair mating system. Mitochondrial DNA sequence ded required to ascertain the degree to
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which territoriality, mate-guarding, and prolonged andquient copulation, mitigate extra-pair

copulations in Meyer’s Parrot populations (Yamageslal. 1992).

Early incubation and hatching asynchrony

Asynchronous hatching is common to Bdicephalus parrots (Wirminghaust al. 2001; Selmaret al.
2004; Symes and Perrin 2004; Taylor and Perrin 2006). The BreducRon hypothesis (Ricklefs 1965;
Mock 1994; Mock and Forbes 1994), the oldest and most widely adchppothesis for asynchronous
hatching, predicts differences between synchronous and aegnalsrbroods only when food resources
are limited. It operates when food resources avaitialidl variable over time (Stoleson and Beissinger
1997). Stoleson and Beissinger (1997) recognized the mortaliye gmallest offspring as an adaptive
adjustment of brood size to fit parental ability (Stolesand Beissinger 1997). Although, intuitively
anticipated, there was no evidence of brood reduction during wdy. sBoth parents were observed to
enter the nest cavity throughout the nestling period likely dwipion the last-hatched nestling. There is
also no evidence of brood reduction in Rippell’s Parrots ¢@e#tnal. 2002) and Grey-headed Parrot
(Symes and Perrin 2003) as both in both cases nestlings wer@ dead with food material in their
crops, thus indicating that chicks did not die due to stivar sibling competition, but rather disease or
inadequate dietary intake. All nestling mortality recordedPoicephalus parrots are due to predation,
environmental constraints (e.g. rainfall and ambient &¥atpre) and energetic constraints (i.e. field
metabolic rate during breeding effort) (Selngal. 2004; Symes and Perrin 2004; Symgsal. 2004).
Krebs and Magrath (2000) demonstrated that nesting CrimsonlldRé3atycercus eegans adults
distributed food equally within broods, whereby females pronesil the last-hatched chick preferentially,
only preferring the first-hatched chick when the whole brood agyry. CCD video footage from
inside the nest cavity is required to evaluate this dynamideyer’s Parrots. We, therefore, examined
putative environmental (e.g. temperature) and social (eaglapon risk and intra- and inter-specific

competition) constraints that likely encourage early oosgicubation.

Jordan (2001) noted that, for parrots, when temperature of 36.9S3¥as used constantly, most
psittacine eggs hatched in the same amount of time thaldwf incubated by the female. In our study,
nest temperatures inside the nest cavity were consistesithyv this range, thus necessitating constant
incubation effort by female Meyer’'s Parrots. Consttupation of the nest cavity by female parrots
also minimizes their energetic expenditure during egg-laying aockakes the cost of egg production
(Waltman and Beissinger 1992). Breeding during winter is, fibver,ecentral to early onset of incubation

in an often restricted number of nest cavities (Gérapd: Boyes and Perrin in review e; Chapter 11).

229



Chapter 9: Breeding biology of Meyer’s Parrot

The incubation period is a potential energy bottlenecklfocial birds (Nilsson 1994; Wiebe and
Martin 2000; Wiebe 2007), whereby, as per the Energetic Cornsttaypothesis (Slagsvold 1986), the
amount of time a bird allocates to incubation is likelybe limited by energetic constraints (Eikenetar
al. 2003). Therefore, if food is abundant, energetic constramysbm reduced and incubation attendance
may increase. Eikenaat al. (2003) suggested that females less constrained by the néwedde may
start incubating before clutch completion. Meyer’s Pareathere to the assumptions of the Energetic
Constraints hypothesis, as males are responsible for jomnig the female, thus providing the energetic

opportunity to initiate incubation early and thus minimgzposure to predation risk in the nest cavity.

Numerous authors have recognized the importance of soorgtraints on early onset of
incubation and resultant asynchronous hatching, including-iatrd inter-specific competition, predation
and brood parasitism (Lombardi al. 1989; Beissinger and Waltman 1991; Beissinger 1996), often
prioritizing these above environmental and energetic constrenesarly incubation. The Limited
Breeding Opportunity Hypothesis (Beissinger and Waltman 1991siBgey 1996) puts forward that
asynchronous hatching over an extended period and incubatiotianita the first egg is in response to
protecting the nest cavity from conspecifics (e.g. nestw#gin and usurpation). Nest usurpation by
conspecifics was not observed during our study, and therefibher breeding opportunities (i.e. nest
cavity availability) are not restricting or nest-guarditegritorial defence and territory advertisement by
males and females are effective in mitigating the thoéattra-specific nest usurpation. Low breeding
population and highly-specialized nest cavity requirem@@itspter 10) both support the assumptions of
the Limited Breeding Opportunity Hypothesis (Beissinger araltan 1991; Beissinger 1996). The
Egg Protection Hypothesis (Bollinger al. 1990; Bollinger and Gavin 2004), on the other hand, states
that females start incubation from the first egg to proteetm from predation and inter-specific
competition. Mayfield's estimator for nesting succddayfield 1975), however, indicated that during
our study predation risk was highest in the hatching andimggtériods. This was still comparatively
low, thus indicating that either predation risk was low os s@accessfully mitigated. Meyer’s Parrots are
reported to live for 50 — 60 years in captivity (Low 1992). Tleeefthese long-lived parrots, likely
focus on minimizing adult mortality during nesting, as thayenmultiple nesting opportunities during
their lifetime. Therefore, the Nest Failure hypothesisfputard by MacGrath (1988) better explains
early initiation of incubation and resultant asynchronoughiiag as it promotes rapid fledging and

minimizes female exposure to predation risk during incubatia nestling period.

Greater and Lesser Honeyguides are the only brood pardsieparasitize clutches in nest
cavities in the Okavango Delta (Hocketyal. 2005). Both species have eggs of comparable size and

appearance to Meyer’'s Parrot eggs (Tarboton 2001; Hogtkaly 2005). These brood parasites breed
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predominantly during the summer months with limited overlagh Wleyer’'s Parrots (Hockeg al.
2005). Lesser Honeyguides were active in the vicinity of MeyRalsot nest cavities, and therefore,
were considered potential brood parasites. In addition, kdelparrots instantly rejected and destroyed
fake white eggs introduced to established clutches, thuordgrated recognition of risk of brood

parasitism by females.

Our study supports the hypothesis that Meyer’'s Parrots tigéc mitigate risk of brood
parasitism, and that the Brood Parasitism Hypothesis (Latnéizal. 1989; Beissinger 1996) and clutch-
guarding hypotheses (Beissinger and Waltman 1991; Beissinger 1889g)tifluence their nesting cycle

and hatching synchrony.

Territoriality and limited breeding population

Poicephalus parrots studied thus far (Wirminghaesal. 2001; Symes and Perrin 2004; Selnsaral.
2004; Taylor and Perrin 2006) have demonstrated no evidence to stgyptotiality, thus indicating
either a lack of territoriality, avoidance of consiesi at known territorial boundaries, or efficient
communication of occupancy and avoidance of confrontation (8edah. 2004). Selmaset al. (2004)

put forward that territoriality may be restricted to trest tree, as Riuppell's Parrots were observed to nest
in neighboring trees. Ruppell’'s Parrots did, however, emplechanisms (e.g. specific flight path to
nest tree) to avoid confrontation (Selmeiral. 2004). Our study, however, demonstrated that Meyer’s
Parrots are territorial during the breeding season an@ feeno cooperation or mutual benefit (e.g.
dilution of predation risk) between socially monogamous breedirrg.pdlihis is significant in that it
raises several questions about the life history evolutioMeyer's Parrots. Male Meyer's Parrots
partially excavating nest cavities and maintaining a nesdimgory of up to six nest cavities is indicative
of a polygynous mating system (Slagsvold and Lifjeld 1994), wlyspee male supports several females
through nesting. This relationship is functional when the conmauovided by the male is the nest
(e.g. Ploceus spp. weavers), however, it becomes dysfunctional when the mwatesponsible for
provisioning the females. Therefore, we put forward the Aatthii Options hypothesis to explain the
breeding territories of Meyer’s Parrots, whereby aalycmonogamous male Meyer’'s Parrots establishes
a territory with several nest cavities at varying lex#lseadiness for nesting so as to provide additional
nesting options during the critical egg-laying period. This wlaserved twice when due to the addition
of a fake white egg to the clutch, the female abandoned thémestiate egg-laying at another nest

within the breeding territory within three days.
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The confirmed population breeding population within the sarapa was 16 parrots, whereby 8
different breeding pairs were confirmed to nest within the 488ample area. A minimum non-nesting
population of 18 non-nesting parrots was confirmed to frequentsample area, judging from the
maximum flock size of non-nesting Meyer’s Parrots. &fae, at least 50% of the local population was
non-nesting and aggregated into these “singles clubs” during dpalation and nest territory
establishment periods in March and April. Limiting the dieg population is seemingly dysfunctional,
as the resultant low fecundity at the population level weyddear to be mal-adaptive. Based on the
findings of this study, however, we demonstrate that adult sreivthis long-lived non-passerine is
central to their breeding biology, and it is, thereforeglli that male Meyer’s Parrots only start nesting
after several seasons prospecting for extra-pair copulasiodsnest cavities (i.e. adolescence), while
females compete for available males with suitable nasities or prospect for intra-specific brood
parasitism opportunities before they establish a sgamdinogamous pair-bond with a male that has a
safe nest cavity that suites her specifications. Althaugltipated there was, however, no evidence to
support intra-specific brood parasitism in Meyer’'s Parroitoshondrial DNA sequence data are required

to ascertain the possible incidence of extra-pair mayefvigmagishiet al. 1992).

According to Boyes and Perrin (Chapter 11) there are no primargvators (e.g. barbets and
woodpeckers) that excavate nest cavities that are deep efmugtilization by Meyer's Parrot, and
project that it takes up to five years to sufficiently esate nest cavities during the winter dry season
when highly competitive insectivorous (e.g. rollers) anchivarous (e.g. owls) are inactive. Meyer’s
Parrot populations, are therefore, dependent on relativaelypfeductive breeding females, and thus
avoidance of predation risk and avoidance of inter-spengimpetition during summer for nest cavities is
important in their breeding biology. Nest poaching (i.e. tfee wild-caught bird trade) or loss of
established nest cavities due to deforestation likely haignificant impact on their reproductive output
at population level. Sustainable harvesting of eggs fPoroephalus parrot nest cavities, as put forward

for neotropical parrots (Beissinger and Bucher 1992).

Futureresearch

Cavity-nesting forest specialists, suchRmscephalus parrots and woodpeckers, are likely threatened by
deforestation and habitat loss in the African subtropidgp@zr 12: Boyes and Perrin in review f), and
therefore, further research is required on the interacti@ween species and ecological processes that
support the production of dead wood suitable for nesting (Cha@}erFurther research is also required
to confirm higher predation risk for cavity-nesting bird $egcduring summer. Most importantly,

mitochondrial DNA sequence data are required to cortferincidence of EPCs and ascertain the degree
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to which territoriality, mate-guarding, and prolonged amdgdient copulation, mitigate extra-pair
copulations in Meyer’s Parrot populations (Yamageilal. 1992). This data could also be used to check
for the incidence of intra-specific brood parasitism. MHmaa comparative research project on
Coleopteran and Lepidopteron larvae incubating in andirfgeon fruits and pods in the diets of

Poicephalus parrots must be undertaken at a differentdacati
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Chapter 10:

Nest tree preferences of Meyer's Parrot  Poicephalus meyeri

in the Okavango Delta, Botswana *

There is a dichotomy iPoicephalus parrot nesting behaviour, whereby members ofRtheeyeri superspecies
complex demonstrate generalists nest tree preferenbds, tive P. robustus superspecies complex includes nest
tree specialists. AlPoicephalus parrots, however, likely have specialist nest titegracteristic preferences (i.e.
tree height, diameter and condition). A modified Huntflseniche breadth index demonstrated that Meyer’s Parrot
Poicephalus meyeri are nest tree generalist. Although specific nest preferences were significantly different
between tree species utilized by Meyer’s Parrots, Meyrarrots preferred large trees greater than 14m ghhei
that were in relatively poor condition. Comparisomest tree characteristics (n = 75) and availability eé tr
species (n = 1129) within a representative sample of #evango Delta indicates that Meyer’s Parrots track
suitable nest cavity availability in the differentdst habitat types at the landscape level. This gernebaliveen
tree species is demonstrated in their regional nespteferences within the Okavango Delta and the rakieof
distributional range. Coupled with non-random nest cavigfepences and low breeding population size,
Poicephalus parrots are likely threatened, more than other cawsfing bird species, by drastic changes in

African forest habitat structure and extent.

Introduction

Numerous studies have been conducted on nest cavity prefer@hcesity-nesting bird species
(Mannanet al. 1980; Inouyeet al. 1981; Muldalet al. 1985; Welsh and Capen 1992; Ingold 1991; Li
and Martin 1991; Merila and Wiggins 1995; Lawler and Edwards 2@@se and Cuthbert 2003;
Martin et al. 2004). Few studies, however, have been done on the nest treeterisics and
ecological context of nest cavities utilized by cavity-neshirg species (Bednar al. 2004). Our
study gathered baseline data on the nest tree chardcdeaisd ecological context of Meyer’'s Parrot
Poicephalus meyeri nest cavities. Here we also evaluated nesting haibigacteristics for comparison

with nest tree preferences to determine whether negtreésences are non-random.

! Formatted foiOstrich — Journal of African Ornithology, Birdlife South AfrichlISC, Grahamstown, South
Africa: Boyes and Perrin (in press). Nest tree pegfees of Meyer’s Parr&icephalus meyeri in the Okavango
Delta, Botswana.
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Meyer’s Parrots have the widest distributional range offdrigan parrot, exceeding that of the
Rose-ringed Parakeétsittacula krameri and Red-faced Lovebirdgapornis pullarius (Snow 1978,
Juniper and Parr 1998). They are distributed throughout subtrdgiczd with strongest associations
with riverine forest communities, dryAcacia-CombretunvBrachstegia woodlands, and secondary
growth around cultivation (Snow 1978; Tarborton 1980; Forshaw 198edand Parr 1998; Chapter
3: Boyes and Perrin in review a). Meyer’s Parrot isstnallest of thdoicephalus parrots and forms a
superspecies with Rippell's Parftrueppellii, Brown-headed Parrét cryptoxanthus, Senegal Parrot
P. senegalus, Red-bellied Parrot, and Niam-Niam ParPtcrassus (Rowan 1983; Juniper and Parr
1998; Massa 2000). Comprehensive studies have been undertaken onirigeecetogy of the Cape
ParrotP. robustus (Wirminghauset al. 2002; Symeset al. 2004), Grey-headed ParrBt fuscicollis
suahdlicus (Symes and Perrin 2004), Rippell's Parrot (Selstah. 2004) and Brown-headed ParFot
cryptoxanthus (Taylor and Perrin 2006).

Cape Parrots utiliz€odocarpus henkelii andP. falcatus snags almost exclusively for nesting
(Wirminghauset al. 2001; Symest al. 2004). Similarly, Grey-headed Parrots, which along with
Brown-necked ParrotB. fuscicollis fuscicollis and Jardine’s Parro. gulielm form theP. robustus
superspecies with Cape Parrots, specialized in nestiAgaimsonia digitata trees (Symes and Perrin
2004). Therefore, thB. robustus superspecies complex includes nest tree specialists. Riipell’'s
Parrots (Selmaat al. 2004) and Brown-headed Parrots (Taylor and Perrin 2006) utd\zerdeight tree
species during long-term studies of their nesting ecology, lusddould be considered to be nest tree
generalists in the areas studied. These relationshig&kealseauto-correlates of habitat structure and
composition within their distributional range. Secondary cawisting bird species are limited by the
availability of suitable nest cavities, which depends on trelahbility of dead wood, the rate of
excavation by primary excavators (e.g. woodpeckers)t-ignd intra-specific competition with other
secondary cavity-nesters, and the rate of loss of excheatsties (e.g. fire, natural pruning or wind
damage) (Martin and Holt 1997; Aitkegt al. 2002). Therefore, we investigated the degree of
specialization in nest tree utilization using a modified Hutlbestandardized and expanded niche
breadth indexff) (Colwell and Futuyma 1971; Hurlbert 1978).

Niche breadth is the variance in resource use by a spac@san be estimated by measuring
the uniformity of the distribution of conspecifics among ugse states within the resource matrix
(Colwell and Futuyma 1971). A resource matrix is a table édrby using different competing species
as rows and resource states as columns. Resoueeatatsubdivisions within a heterogeneous habitat
considered individually (e.g. nest tree species) or gebwpethe basis of similarity (e.g. forest habitat

types) (Hurlbert 1978). Colwell and Futuyma (1971) observed tlaiveeresource abundance among
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resource states should provide adequate information on the eabldmtinctness of resource states.
Estimated total number of nest cavities for each sged¥|) was thus used in the weighted expansion
of the resource matrix (k = 10000), thus accounting for examsed by nonlinearity and ecological
inequality of spacing among resource states (Colwell and Fatd@ml). We tested the hypothesis that
Meyer’s Parrots are nest tree generalists similar toother members of thE. meyeri superspecies

complex.

Nest cavity formation and subsequent utilization by cavisting species functions within a
complex inter-relationship between biotic (e.g. primaxgagators, fungi and tree species) and abiotic
(e.g. rainfall, humidity and wind) factors that faeiti cavity-nesting communities (Aitkenal. 2002;
Bednarzet al. 2004; Martinet al. 2004). Few studies, however, have considered the role of disterba
agents (e.g. African elephartsxodonta africana and hot fires) in the formation of deadwood suitable
for use in nest cavity excavation. Jackson and Jackson (p004yrward that cavity excavation by
Red-cockaded Woodpeckdpecoides borealis was likely influenced by the dispersal dynamics of fungi.
Heinl et al. (2007) showed that, in the Okavango Delta, Botswana, taegs in high fire frequency
areas had significantly lower canopy cover, thus indicgiomy condition and potential opportunity for
fungal infection or natural pruning of part of the canopy {ploand Mannan 1988; Blanc and Walters
2007). Heinlet al. (2007) also found that changes in water level had a sigmifiogpact on forest
ecology and tree mortality in riverine forest ahcia-Combretum woodlands. Furthermore, Okeblb
al. (2007) put forward that African Elephants are an imporsaarce of tree mortality in burned areas.
We, therefore, investigated the frequency of probableogmall processes resulting in dead wood
targeted for nest cavity excavation. Wirminghaus (1997) pwiafat that the Meyer’s Parrot population
in the Okavango Delta is the most significant in southdrit® Here we investigate the probable role

the disturbance regime in the Okavango Delta in supportingitn#ficant Meyer’'s Parrot population.

Methods

Study area

The Okavango Delta was chosen as our study area bewfaitssignificant Meyer’s Parrot population
(Wirminghaus 1997). Our core study area, where habitat assessments andvatéfsyer’'s Parrot
nesting surveys were conducted, surrounded Vundumtiki Islatideimorth-eastern Okavango Delta
(Figure 1). Vundumtiki is a wilderness area with limitetman impact or disturbance to habitat and

animal behaviour. In addition, we surveyed Meyer’'s Parest cavities at Mombo Camp from August
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2005-January 2006). We also compiled nesting dscdrom the following Wilderness Safaris
Botswana camps: Chitabe Trails, Duba Plains, XigekhTubu Tree (Figure 1).

| | | 1 I | |
bMohembo ~ 22°15’ 22045 23015’

[

|
h:

— 18°30’
100km

—19°00’

—19°30’

= Study sites:

(@) Vundumtiki Island
(b) Mombo Camp

(c) Chitabe Trails Camp
(d) Duba Plains Camp
(e) Tube Tree Camp

l | il | I

Figure 1: Map of the Okavango Delta showing area of inuodaduring flood season and location of Vundumtiki
and Mombo

Climatic conditions in the Okavango Delta are distlly seasonal, comprising a wet season (November—
March) and dry season (ApriOctober). Mean anmaaifall is 450-560mm (Elleryt al. 2003;
Wolski and Savenije 2006). During the annual fltloel area covered by water expands from its annual
low of 2500—4000krhin February—March to its annual high of 6000-12060in August—-September.
Arrival of the annual flood lags the rainy seasad &llows one or two months after the end of ralinf

in the region (Gumbriclet al. 2001; Elleryet al. 2003).
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Analysis of historical nesting records

Historical nesting records from the Nest Record Catte®e (NERCS) were provided by the Avian
Demography Unit (University of Cape Town) and Birdlife So#ftica.

Data collection

A preliminary survey was conducted from January 2004-January 20@Matmtiki (Jan'04—-July’05),
Mombo (Aug'05-Jan’06), Chitabe Trails (Jan'06), Xigera (Jan’0B)bu Tree (Jan’06) and Duba
Plains (Jan’06). At Vundumtiki and Mombo, we located Mey&arrot nest cavities while conducting
standardized feeding activity road transects, five dayseekw Breeding pairs prospecting for or
establishing breeding territories (Chapter 9: Boyes and Farrieview b) were located by following
“duetting” or territorial vocalizations until nest cavitycated and GPS-marked (Garmin Etrex; Garmin
2006). Nest cavities were subsequently inspected and ltbeifg nest tree characteristics recorded:
tree species, tree height, diameter at breast heightl\C#hd crown condition (CC). CC was estimated
using subjective visual assessment, and scored in incremeftd dfetween O and 1, whereby O
represents a snag (i.e. dead tree) and 1 representheditihy, productive canopy. Tree nomenclature
followed Van Wyk and Van Wyk (1997) and Palgrave (2002). Nestieawitere visited daily or as
often as possible, until the nesting period was ascediaafieer which the cavity was visited bi-monthly
to the most advanced nesting period. The nesting cycte separated into the following nesting
periods: territorial advertisement and nest preparation; abpuland egg-laying; incubation; hatching;

nestling; fledging; and post-fledging.

An intensive study of the Vundumtiki study area was conducéedden February 2007 and
July 2007. To standardize spatial distribution, the samplevaasalefined as an area 250m either side
of an 8.6km standardized road transect. Only breeding pilizsng nest cavities within this sample
area were included. Sample area was subdivided into fofirkm sections along the road transect.
From February to May, we conducted extensive 4-hour bush watksedén 06h00 and 12h00 once a
week in each section of the sample area. Nest treaatbastics of all nest cavities located during this

intensive study were measured for comparison with halssssaments within the sample area.

We also identified the probable disturbance agents respofsititee dead wood in which the
cavity excavated. We used the following criteria: {ahé tree trunk had visible signs of elephant tusk
marks or the cambium was stripped off longitudinally, agsumed elephant disturbance; (b) If there
were signs of drastic habitat change due to water [@vebil salinity fluctuations (MacCarthy 2006;

Bauer-Gottweiret al. 2007) (e.g. mortality of under-storey and other surrounding)fre@sassumed
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shifting floodwaters disturbed the forest community; andf(tf)ere was evidence of fire damage (e.g.
burned wood or bark), we assumed that fire had causeditia¢ disturbance to the nest tree. We also
investigated the incidence of secondary infections, incpélingal attack (e.g. Turkey Tatoriolus
versicolor), Coleopteran bark beetles, termites, ants, and ngitwaing (i.e. natural removal of lower
branches). If there were no signs of primary disturbant@¢oand one of the above indicators of poor
condition or secondary infections were considered to be thapriagent in producing dead heartwood
utilized for nest cavities. For analysis, probable distoce agents were classified as primary and

secondary disturbance agents based on chronology and outcomertiatise.

Habitat assessment

Habitat descriptions followed Ellery and Ellery (1997), Ro@®98) and Elleryet al. (2000). Total
habitat area of each forest habitat type identifiethiwithe sample area was estimated by measuring the
total distance along the road transect line corresponditigetdifferent forest habitat types up to 250m
either side of the road. Thirteen (300x20m) habitat limeseets were conducted within the sample area
(Bullock & Solis-Magallenes 1990, Chapmahnal. 1994, Renton 2001). Each habitat transect was
mapped and the transect line was maintained using a Garragt (armin 2006). We used a stratified
sampling design within which three resource abundance linsetts were dispersed in each forest
habitat type to obtain a representative sample of resoavedability (Renton 2001). Due to
homogeneity and high stand densityLofichocarpus nelsii sandveld only one transect was done in this
forest habitat type. Due to heterogeneityAoicia-Combretum woodland, this forest habitat type was
further stratified to includeAcacia-Combretum woodland dominated byCombretum imberbe,
Combretum hereroense and Acacia nigrescens. Similarly, dry Mopane woodland was stratified to
include dry Mopane woodland dominated by trees under 4m intheighscrub Mopane), above 4m in
height (i.e. cathedral Mopane) and with multiple-storey®tal number of trees of each species were
counted on each transect and a habitat conversion fagjougel to estimate total number of nest trees
in each habitat type (X H; was calculated by dividing the total forest habitataxéhin the sample
area by the total area of habitat line transects ih éa@st habitat type. We also recorded the tree

species, tree height, diameter at breast height (D&#t),crown condition (CC).

Due to the difficulties in locating nest cavities on hatbitansects, we climbed 30 large trees
(i.e. DBH > 100cm) of five different tree species to inigege incidence of nest cavities in tree of
varying degree of disturbance. We assegsadia nigrescens, Combretum imberbe, Colophospermum
mopane, Diospyros mespiliformis and Ficus sycomorus using trees of varying crown conditions (i.e.

from snag (0) to full canopy (1)).
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Data analyses

We counted the number of nesting attempts in each pesses during the study period to evaluate the
degree of specialization in nest cavity preferencedatiRe abundance of each tree species within the
sample area was used to expand the resource matrix (k = 10 T@6)following equation for the

modified Hurlbert's expanded and standardized niche breadéx i3;)) was used:

[

| 1
lzj (10000 XS TR

Where: N is the total number of nesting attempts in tree spgoie®r time period i; andk is the

B, =

|
)Jl [99199]

proportion of the total available nest cavities represkint tree species j multiplied by k = 10000.

For Bi, a value close to O indicates nest tree specializagiod a value tending to 1 indicates
broader nest tree preferences (Hurlbert 1978). Relativeiress@bundance among resource states
should provide adequate information on the ecological distinctnesssofirce states (Colwell &
Futuyma 1971).

Kolmogorov-Smirnov (K-S) and Lilliefors tests were usedtést for normality. One-way
ANOVA was used to test for significant differences legw nest tree characteristics between tree
species. Spearman rank correlatiogs Were used to test for significant correlations betwerown
condition and incidence of cavities in different tree speci8satistical analysis followed Quinn and
Keough (2002) and STATISTICA 7.1 (Statsoft (USA) 2006).

Results
Historical nesting records (1918-1996)

Historical nesting records from Zimbabwe, Zambia, NamiBingola, South Africa and Botswana were
tabulated (Table 1). There were distinct regional déffiees in nest tree utilization by Meyer's Parrot,
wherebyBrachystegia spiciformis (n = 15),Acacia galpinii (n = 3) andentrandrophragma caudatum (n

= 1) were utilized exclusively in ZimbabwBferocarpus angolensis (n = 2) was used exclusively in
Zambia, andHyphaene petersiana was only used in Botswana (Table 1folophospermum mopane,
Adansonia digitata and Ficus sycomorus were also utilized in Zimbabwe, and there was one nesting

record in aBrachystegia spiciformisin Angola (Table 1).
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Table 1: (a) Summary of Meyer’s Parrot nest cavities discovereithguhe Meyer’'s Parrot Project in the
Okavango Delta; (b) Summary of historical records (1918-1996)nibabwe, Zambia and Botswana (there

were no tree species reported in the Namibian and SoutteAfhistorical nesting records)

@
Okavango Delta (2003 — 2008)

FAMILY/Species Vundumtiki  Mombo  Tubu Tree Xigera Chitabe Duba TOTAL

LEGUMINOSAE/Acacia nigrescens 12 8 6 2 4 2 34
LEGUMINOSAE/Colophospermum mopane
COMBRETACEAE/Combretum imberbe
BOMBACEAE/Adansonia digitata
MORACEAE/Ficus sycomorus
EBENACEAE/Diospyros mespiliformis
LEGUMINOSAE/Acacia erioloba
LEGUMINOSAE/Lonchocarpus capassa
ARECACEAE/Hyphaene petersiana 5 2

P R NN PP OO

TOTAL 30 16 12 4 7 6 75
(b)

Historical nesting records (1918 — 1996)

FAMILY/Species Zimbabwe Zambia Botswana

CAESALPINIACEAE/Brachystegia spiciformis 15
LEGUMINOSAE/Acacia galphinii
MORACEAE/Ficus sycomorus
MELIACEAE/Entandrophragma caudatum
LEGUMINOSAE/Acacia nigrescens
LEGUMINOSAE/Colophospermum mopane
BOMBACEAE/Adansonia digitata
FABACEAE/Pterocarpus angolensis 2
ARECACEAE/Hyphaene petersiana 1

N s

TOTAL 23 2 1

Nest tree preferences

Seventy-five Meyer’s Parrot nest cavities were locatethe Okavango Delta during our study, of
which over 40% (n = 31) were W nigrescens trees, followed by almost 15% (n = 11)@nimberbe,
12% (n = 9) inC. mopane, over 9% (n = 7) ifd. petersiana, 8% (n = 6) iPA. digitata, 7% (n = 5) inD.
mespiliformis, and almost 3% (n = 2) each #rerioloba, L. capassa andF. sycomorus (Table 1).

The modified Hurlbert's expanded and standardized niche breadth (piflealue was 0.701.
There was a significant difference between tree condifdOVA: F(8, 64) = 2.18; p-level = 0.040),
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DBH (ANOVA: F(7, 60) = 16.20; p-level < 0.001) and tree heidtflQVA: F(8, 64) = 5.63; p-level <
0.001) between tree speciefdansonia digitata was omitted from the DBH analysis due to a mean
DBH of 473 + 126.82 cm (Figure 2). Meyer’'s parrots preferregelaest trees that were in relative

poor condition (Figure 2).

Habitat assessment

All forest habitat types outlined by Ellery and Ellery (19H®odt (1998) and Ellerst al. (2000) were
recorded at in the Vundumtiki study area (Table 2) and/oMbenbo, Xigera, Chitabe or Tubu Tree
areas. Hyphaene petersiana woodland was observed at Mombo, Xigera, Tubu Tree and Chitabe.
Terminalia sericea sandveld was recorded at all study sit&sacia tortilis sandveld was sampled at
Mombo, Acacia erioloba sandveld was represented at Vundumtiki, afidus verruculossa was sampled
along the channels at Vundumtiki and XigerBerminalia sericea sandveld and\. erioloba sandveld

were excluded from sample area for intensive study at Mutili due to high aridity during the dry

winter breeding season and logistical difficulties in sumnvgyhese areas regularly.

Over 62% (n = 47) of Meyer’s Parrots nest cavities recomiéoei Okavango Delta were in dry
Acacia-Combretum woodlands, followed by 20% (n = 15) found in riverine forest, {h% 8) inH.
petersiana woodland, and 7% (n = 5) in dry Mopane woodland. Over 93% (n = 57) ofgzasties
were on ecotones, which were usually the disturbed contauszbetweenAcacia-Combretum
woodland and riverine foresBcacia-Combretum woodland andD. lycoides marginal woodland, or
forest habitat (esp. Acacia-Combretum woodland) on the eddmanfplains or seasonally-flooded

grasslands.

At Vundumtiki: We conducted 13 habitat transects, inclgdi124 trees, to estimate nest tree
availability within the sample area (Figure 3), as aslthe DBH, height and tree condition profiles for

each forest habitat type (Figure 4).

Nest cavity availability

At Vundumtiki there was a significant negative correlat@ween crown condition of trees with DBH
>100cm and number of nest cavities discovered acrogeattee species (rs = -0.986; t(n-2) = 7.55; p-
level = 0.005). All tree species utilized for nesting widr@ most abundant tree species in the habitat
mosaic. There was, however, no significant correlatiowdsst nest tree availability and utilizatiog (r
=0.454; n = 8; t(n-2) = 1.25; p-level = 0.258) (Figure 5).
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Figure 2: Nest tree preference system: (a) Tree conditidh) (Bdean = SE); (b) DBH (cm) (Mean £ SE); and (c)

Tree height (m) (Mean = SE) of all nest cavitiesizell by Meyer’s Parrots
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(a) Primary disturbance agents:
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Figure 6: Ecological context of Meyer’s Parrot nest caviti@g: Primary disturbance
agents responsible for initial disturbance; (b) Secgndésturbance responsible for

subsequent decline in tree condition.
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Ecological context of Meyer's Parrot nest cavities

All nest cavities were in dead wood resulting from distade (e.g. elephant, water level fluctuations,
fungal attack, termite or ant infestation, and fire)natural pruning (i.e. natural shedding of lower
branches resulting in dead wood) (Figure 6). Significaetphant disturbance was observed in over
56% (n = 42) of trees containing Meyer’s Parrot nest @vifiollowed by natural pruning (25%; n =

19) and fungal attack (21%; n = 16) (Figure 6). Natural pgieind fungal attack were observed

frequently, but almost always in addition to elepharttewor fire disturbance.

Discussion
Nest tree preference system

Meyer's Parrots were recorded to utilize 18 differene Species for nesting in their southern African
range, of which 15 were hardwood species. An additional &Btrees are anticipated in southern
Africa, and several others elsewhere in the range conuraaswith local habitat composition and
characteristics. Regional differences are, therefgrpar@nt, wherebyBrachystegia spiciformis and
Acacia galpinii are preferred in Zimbabwe, aiflerocarpus angolensis is likely preferred in Zambia.
Local differences were noted in the Okavango Delta, w@elephosper mum mopane was only utilized

for nesting when available in the Vundumtiki area #&hgbhaene petersiana was only utilized at
Mombo and Tubu Tree. The modified Hurlbert's expanded amdistdized niche breadth inde)(
confirmed that, based on relative availability of nesitezs between tree species, that Meyer’'s Parrots
were nest tree species generalist at Vundumtiki, wherebyspecies was insignificant in comparison to
tree size and nest cavity characteristics (Chapter éfedand Perrin in review c¢). In addition, there
was no significant correlation between nest tree avathihihd utilization, thus indicating the existence
of a disparity in nest cavity availability in each tregecies, preferences between tree species (e.g.
thorns or no thorns), and/or differences in the probabilityg specific tree species having nest cavities

suitable for use by Meyer’s Parrots.

Our study was representative of forest habitat types iOkaango Delta system, as all forest
habitat types outlined by Ellery and Ellery (1997), Roodt (1998)HEleryet al. (2000) were sampled
for nesting activity during the primary breeding season (Ch&pteAt Vundumtiki, all nesting activity
occurred inAcacia-Combretum woodland, riverine forest and dry Mopane woodland communities, th
highlighting the importance of multi-storey habitat structwiéh a high canopy and established large
trees. Therefore, Meyer’'s Parrots show distinct peaiee for old growth forest communities, including
trees of between 100 and 500 years old (Boyes unpub. data)eaexpacted to utilize nest cavities in
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the most abundant hardwood tree species with regional higleekibaiity of large trees (i.e. DBH >
50cm) with high canopies (i.e. > 13m). Due to the lack ofimgsecords inD. lycoides marginal
woodland,Terminalia sericea sandveld, antdonchocarpus nelsii sandveld, it seems that nesting habitat
preferences are governed by habitat structure, whereby Melyartots prefer habitat types such as
Acacia-Combretum woodlands, riverine forest, dry Mopane woodlands Brathystegia woodlands
with established high canopies. Comparison of mean nesD&él and height with the availability of
these parameters within the habitat mosaic indicatachds tree preferences of Meyer’'s Parrots were
non-random, as trees of the preferred DBH and height (FRjureere not the most abundant in the
habitat mosaic. Nest tree characteristics prefdmsed/ieyer’s Parrots were significantly different in
each species, however, all represented trees thatsiggriéicantly older than the surrounding trees.
Therefore, utilization of a specific tree could beuadtion of age, whereby older trees have a higher

probability of being disturbed by elephants, changes in watet or biotic agents (e.g. fungi).

Similarities with closest congeners in southern Africa

Ruppell's Parrot and the Brown-headed Parrot are the tlosegeners to Meyer’s Parrot in southern
Africa, forming part of theP. meyeri superspecies complex. Ruppell’'s Parrots occur in dry Acaci
woodlands withA. digitata (Rowan 1983; Selmaet al. 2004). Brown-headed Parrots, on the other
hand, prefer low altitude forest communities which inclAddigitata (Rowan 1983; Taylor and Perrin
2006). Ruppell’s Parrot had five nest trees in common Mijier's Parrot, and is reported to nest in
twelve additional tree species, includidg erioloba, C. imberbe, A. tortilis, A. digitata and A.
nigrescens (Vincent 1944; Rowan 1983; Namibian Nest Record Scheme 1996; SetlalaB004). All

nest trees were >37.8cm in diameter with very few largest(i.e. >70cm) (Selmast al. 2004). No
nest cavities were <3m, however, very few were >7.5m (Seénal. 2004). Brown-headed Parrots
had four nest tree species in common with Meyer’'s Paaratsalso demonstrated a preference for nest
cavities >6m above the ground (Taylor and Perrin 20@@lansonia digitata was the only tree species
common to all three members of tRemeyeri superspecies complex. Results from our study support
the hypothesis that all members of tRe meyeri superspecies complex are nest tree generalist,

preferring specific nest tree characteristics but showingpecific preference for nest tree species.

Ecological processes that support cavity availability

Meyer's Parrots are “weak cavity excavators” (Aitkenal. 2002; Chapter 11), and thus are

predominantly dependent on the productivity of primary excavaferg. Bearded Woodpecker
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Dendropicos nhamaquus) for nest cavity availability in a given area. Produtfiof primary and weak
excavators is dependent on the availability of dead wod#d€Aét al. 2002; Bednarzt al. 2004), thus
linking disturbance agents (e.g. African elephants anjl virln the nesting ecology of cavity-nesting
bird species. At Vundumtiki, we demonstrated that disnobaf trees by African elephants was the
most important causal factor in the production of deadwatédlde for cavity excavation in the habitat
mosaic. Elephants typically stripped off longitudinatteens of bark offC. mopane andA. nigrescens
trees, thus causing either the entire tree or part ofdhepy to die off. The distribution of Meyer’s
Parrot nest cavities was roughly correlated with the annigaation route of the elephants back into the
Okavango Delta each year in AprBdyes unpub. data). Current range conditions for elephants,
however, have restricted their movements and eliminatedriomiy for emigration, resulting in local
population densities detrimental to the concurrent phase otatege (Herremans 2008). This has
resulted in drastic reduction to riverine forest Acacia-Camoion woodland communities along the

Chobe River, and has likely had a significant redudtiodeyer’s Parrot populations in the area.

Natural pruning and fungal attack were most likely secgndafections resulting from
significant disturbance elephants, fluctuating water leapts fire. Further research is required on the
relationship between African elephants and cavity-nesting communities throughout subtropical

Africa.

Conclusion

Prerequisites for Meyer’s Parrot nesting activity igieen geographical area likely include the
following: (a) Large hardwood trees prone to disturbance by &iri€lephants, fungal attack, fire, and
changing soil conditions (e.é. nigrescens, C. mopane, B. spiciformis, A. galphinii, E. caudatum and

P. angolensis); (b) Suitable primary excavators (e.g. Bearded Woodpgcked (c) Suitable resource of
arthropod larvae parasitizing fruits and pods in closeiprioxto nest trees (Chapter 9). Therefore,
prime locations for Meyer’'s Parrot nesting activitylume dry savanna woodlands prone to fire
disturbance, riverine forest communities prone to disturbanflediyating water levels and changes in
water course, and dry Moparigrachystegia andAcacia-Combretum woodland communities prone to
disturbance by African elephants. Therefore, the Olgw@relta, which is a casebook study of
disturbance ecology represents an important area the canserof the Meyer’s Parrot metapopulation
and cavity-nesting species in subtropical Afri¢icephalus parrots likely require a disturbance

regime commensurate with the establishment of trees over iBGtiameter and 7—10m in height.
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Nest trees preferred by Meyer’s Parrots are poorly gieden their southern African range,
whereby onlyAdansonia digitata andD. mespiliformis are protected in Botswana (Botswana Forest Act
1981), andA. digitata, C. imberbe andAcacia erioloba are protected in South Africa (Biodiversity Act
2004).

Further research is required on the reaction of MeyaisoB to reduced availability of old
growth woodlands containing large hardwood tree species prordistirbance and nest cavity
development (e.g. natural pruning). The rapid decline in ®apeot populations due to the selective
removal ofPodocarpus spp. trees from within their distributional range is indicativetloé potential
threat of drastic forest habitat alteration at langsedavel (Perriret al. 2002). As a nest tree generalist,
Meyer’s Parrots will likely persists in an area utitig forest habitat structure changes and large tree are
no longer available. More research is required on therantion with other cavity-nesting species and

their reaction to drastic alteration of forest habitat.
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Chapter 11.:

Nesting ecology of Meyer’s Parrofoicephalus meyeri in the

Okavango Delta, Botswana

Boyes, R.S., Perrin, M.R. and Mpofu, Z. (in review).stifgg ecology of Meyer’s Parrot
Poicephalus meyeri in the Okavango Delta, Botswanal.-Avian Biol.

Poicephalus parrots are widespread long-lived, secondary cavityrgestorest
specialists that usually have restricted nesting populatidbhe. aspects of their nesting
ecology that restrict their breeding success are, henweiwnclear. Meyer’s Parrots
Poicephalus meyeri were demonstrated to be weak cavity excavators thdtfynoest
cavities excavated by woodpeckers and barbets. Nesy gaeferences of Meyer’'s
Parrot were non-random, whereby they preferred nestiesathat were north-facing,
downward-inclining, deeper than 600mm, higher than 10m abowgroled, and had a
nest hole aperture of between 50mm and 70mm. North-facksy cavities were
demonstrated to receive significantly more warmth tithier cardinal point orientations,
downward-inclining cavity entrances likely had anti-predatbenefits and sheltered
Meyer’s Parrots from wind and rain, and a depth of >600motegted them from nest
predation by GymnogenRolyboroides typus. Only 4.5% of 200 random nest cavities
within the sample area not already occupied by MeyerisoRBRawere commensurate
with their nest cavity preferences, indicating thasignificant restriction in cavity
availability likely maintains the limited nesting poptite.

Boyes, R.S., Perrin, M.R. and Mpofu, Z., Research @erffitr African parrot
conservation, School of Biological and Conservatiore@ms, University of KwaZulu-
Natal, South Africa, Private Bag X01, Scottsville, 3201

Very little, beyond historical nesting records and anec¢depeorts in the literature, is known about the
nesting ecology of Meyer’s ParrBoicephalus meyeri in the wild (Perriret al. 2002). Meyer’'s Parrots
have the widest distributional range of any African parroteeding that of the Rose-ringed or African

ParakeetPsittacula krameri and Red-faced Lovebirdgapornis pullarius (Rowan 1983; Juniper and

! Formatted fodournal of Avian Biology, Nordic Society Oikos: Boyes, R.S., Perrin, M.R. Mubfu, Z. (in
review). Nest tree preferences of Meyer’s Papatephalus meyeri in the Okavango Delta, Botswana.
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Parr 1998). They are distributed throughout subtropical Aitia strongest associations with riverine
forest and associated digacia-Combretum or Miombo woodlands (e.@rachystegia woodlands), and
secondary growth around cultivation in areas associatddtidgse forest habitat types (Snow 1978;
Tarboton 1980; Forshaw 1989, Juniper and Parr 1998; Chapter 3: BaolyBgrain in review a). Boyes
and Perrin (Chapter 10: Boyes and Perrin in review b) denadedtthat Meyer's Parrots are nesting
tree generalists, whereby nest tree species was insagnificMeyer’'s Parrots did, however, show
distinct preferences for large hardwood trees (Aagcia nigrescens and Brachystegia spiciformis),
Adansonia digitata and Hyphaene petersiana prone to disturbance (Chapter 10). Our study determined
to gather baseline data on the nest site characterddtiddeyer’'s Parrot for comparison with the

frequency of these nest cavity parameters within thé@dtamosaic.

Comprehensive studies have been undertaken on the nesting ecblbgyCape Parrd®.
robustus (Wirminghauset al. 2001; Symest al. 2004), Rippell's Parrd®. rueppdlii (Selmanet al.
2004), Grey-headed Parret fuscicollis suahelicus (Symes and Perrin 2004), and Brown-headed parrot
P. cryptoxantus (Taylor and Perrin 2006). Preliminary studies have atsmlzione on the Red-bellied
Parrot P. rufiventris (Massa 1995) and Yellow-faced Pariat flavifrons (Boussekeyet al. 2002).
Senegal Parrot8. senegalus and Niam-Niam Parrot8. crassus remain data deficient (Juniper and Parr
1998). Our study tested the hypothesis that the nesting ecdiddgyer’'s Parrots is significantly

different from otheiPoicephal us parrots.

Nest cavity characteristics, including nest cavity de&an, nest entrance inclination and cavity
size, influence nest temperature fluctuations (Hoeigal. 1999; Wiebe 2001) and susceptibility to
disturbance by heavy rainfall (Radford and du Plessis 2098)-random orientation and inclination of
nest cavities has been noted by several studies (Irebaye1981; Peterson and Grubb 1983; Korol and
Hutto 1984). Inclination of the nest cavity entrance likeffjuences the amount of light and heat
entering the cavity and the risk of rainfall disturbing thst m®ntents (Brightsmith 2005). Numerous
studies focusing on nest cavity characteristics have beeducted on cavity-nesting bird species
(Mannanet al. 1980; Inouyeet al. 1981; Muldalet al. 1985; Welsh and Capen 1992; Ingold 1991; Li
and Martin 1991; Merila and Wiggins 1995; Lawler and Edwards 2@@se and Cuthbert 2003;
Martin et al. 2004). Benefit from specific nest cavities likely resudtism the interrelationship of
several social and environmental factors, including predatsdn (Eddington and Eddington 1972;
Martin 1996; Martin and Clobert 1996; Li and Martin 1991; Brgghith 2005; Muchai and du Plessis
2005), local food availability (Lack 1967), temperature (Hooge et9%%l9; Wiebe 2001), parasite load
(Tomaset al. 2007), rainfall seasonality (Radford and du Plessis 1998)fuargal rot (Jackson and
Jackson 2004). Inouyet al. (1981) reported that nest entrance orientations of Giteodfveckers
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Melanerpes uropygialis were non-random, thus supporting the hypothesis that suclatioarserves to
reduce energetic costs of nesting birds, whereby northgfar@sts may reduce water loss in hot summer
months, while warmer south-facing nests may reduce eneggnditure in the winter. Ours study
measured the temperature fluctuations at each of the ahpdimts around active Meyer’s Parrot nest
cavities, thus demonstrating the relationship between campasntation and nest temperature
fluctuations over the entire breeding season. Our study, therdiested the hypothesis that the

orientation of Meyer’s Parrot nest cavities was non-random

Primary excavators generally excavate a new cavitynésting each year, likely to reduce
predation risk and because new cavities have fewer parasitiebris (Aitkeret al. 2002). Secondary
cavity-nesters, by definition, must use existing cavities doccessful reproduction, whereby the
presence of suitable nest cavities is considered td fpmpulation size (Holt and Martin 1997).
Therefore, for secondary cavity-nesting species, the teaterest-site limitation depends on the number
of cavities available in relation to the demand (Holt andtid997). Phylogenetic analyses of parrots
show that secondary cavity-nesting is the ancestral stathiotaxon and there have been multiple
transitions to both primary tree cavity nesting and i@ma nesting (Brightsmith 2005). All nests
utilized by thePoicephalus parrots studied comprehensively thus far have been in exdasatatural
cavities in large trees (Massa 1995; Boussekey. 2002; Symest al. 2004; Symes and Perrin 2004,
Selmanet al. 2004; Taylor and Perrin 2006). Red-bellied Parkotsufiventris have, however, been
reported to utilize both termitaria (e.§lacrotermes spp.) and excavated cavities (Fgy al. 1988;
Juniper and Parr 1998). Evidence of excavation activitiesrt@difying the nest entrance or removing
wood chips from the cavity) have only been observed in Ruppaisot and Meyer’s Parrot (Vincent
1944; Rowan 1983; Selmahal. 2004). Selmamt al. (2004) also noted that Meyer's Parrots may be
responsible for a disproportionate amount of the excavatffort in their nest cavities. We, therefore,
assessed Meyer’'s Parrot nest cavity characteristiccdmparison with nest cavities excavated by
primary excavators resident in the study area to evaMater's Parrot excavation effort. We also
monitored excavation rates for thirteen Meyer’'s Parrot ceegities over the 2007 breeding season to

corroborate their status as secondary cavity-nestaveadk cavity excavators (Aitkesh al. 2002).

Methods

Study area

The Okavango Delta was chosen as our study area becatsssighificant Meyer’s Parrot population
(Wirminghaus 1997)Our core study area, where habitat assessments andvetkteyer’'s Parrot
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nesting surveys were conducted, surrounded Vun#tutatand in the north-eastern Okavango Delta
(Figure 1). Vundumtiki is a wilderness area withiled human impact or disturbance to habitat and
animal behaviour. In addition, we surveyed Mey@&asrot nest cavities at Mombo Camp from August
2005 — January 2006. We also compiled nesting dsdoom the following Wilderness Safaris
Botswana camps: Chitabe Trails, Duba Plains, XigaeTubu Tree (Figure 1).

| | | | | | |
LMohembo ~— 22°15’ 22045’ 23015’

e
h:
— 18°30’

100km

—19°00’

—19°30’

= Study sites:

(@) Vundumtiki Island
(b) Mombo Camp

(c) Chitabe Trails Camp
(d) Duba Plains Camp
(e) Tube Tree Camp

| | il | |

Figure 1: Map of the Okavango Delta showing area of inuodaduring flood season and location of Vundumtiki
and Mombo
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Climatic conditions in the Okavango Delta are distinctgsonal, comprising a wet season
(November—March) and dry season (April-October). Meanamainfall is 450-560mm (Ellerst al.
2003; Wolski and Savenije 2006). During the annual flood the areseddvg water expands from its
annual low of 2500—4000KngFebruary—March) to its annual high of 6000—12000ihugust—
September). Arrival of the annual flood lags the rainy@easd follows one or two months after the
end of rainfall in the region (Gumbrictal. 2001; Elleryet al. 2003).

Analysis of historical nesting records

Historical nesting records from the Nest Record Cale®e (NERCS) were provided by the Avian
Demography Unit (University of Cape Town) and Birdlife So#ftica.

Data collection

A preliminary survey was conducted from January 2004-January 20@Matmtiki (Jan'04—July’05),
Mombo (Aug'05-Jan’06), Chitabe Trails (Jan'06), Xigera (Jan’0B)bu Tree (Jan’06) and Duba
Plains (Jan’06). At Vundumtiki and Mombo, we located Mey&arrot nest cavities while conducting
standardized feeding activity road transects, five dayseekw Breeding pairs prospecting for or
establishing breeding territories (Chapter 9: Boyes and Perri@view c) were located by following
“duetting” or territorial vocalizations until nest cavitycated and GPS-marked (Garmin Etrex; Garmin
2006).

Nest cavities were subsequently inspected once durohgraae following the breeding season.
Trees were climbed using an 8m ladder and professionalintjn@guipment. During nest inspections
the following data were recorded: height above ground (HA®yity entrance compass orientation;
entrance dimension (H x W); entrance inclination, cadiépth until the first significant change in
direction (D1), angle of descent into the nest cawy énd depth from bend to the bottom of the nest
chamber (D2) (Figure 2). During the nest inspection é&fter breeding season we measured all
parameters to check for changes due to modifications lyeRéeParrots during the breeding season. If
access to the nest cavity was impossible, a spottiqgeseas used to estimate the height and width of
the cavity entrance by measuring the diameter at breagitth@BH) and diameter highest point
possible to estimate taper. Then we compared the widtiheight of the nest entrance to the width of

the tree at that height (corrected for taper) using a 3vakspotting scope.
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D1

Figure 2: Nest cavity measurements (Total depth of nest cavitil + D2)

An intensive study of the Vundumtiki study area was conducétdden February 2007 and
July 2007. To standardize spatial distribution, the samplevaasalefined as an area 250m either side
of an 8.6km standardized road transect. Only breeding pilizsng nest cavities within this sample
area were included. The sample area was subdividedountoX.7 km sections along the road transect.
From February to May, we conducted extensive 4-hour bush watksedén 06h00 and 12h00 once a
week in each section of the sample area. Nest cawiacteristics of all nest cavities located during

this intensive study were measured for comparison withdtedmsessments within the sample area.

Cardinal point experiment

DALLAS Thermochron data loggers (Fairbridge Technologies 2006) vestered in heavy, thermally-
inert canvas to protect them from disturbance by ChacmaddaPapio ursinus and attached in north,
south, east and west compass orientations around an aestecavity to measure temperature

fluctuations in these compass positions.

Log missions were initiated on 18 May 2007 and stopped on @0QK;.
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Results

Historical nesting records (1918—-1996)

Only 12% (n = 3) of nest cavities recorded were naturalies, while the rest were excavated cavities.
Three nesting records put forward woodpeckers as probabilargrexcavators and one put forward the
Black-collared Barbdtybiustorquatus. One nesting record confirmed that the nest cavity had
previously been occupied by a Bearded WoodpeDkadropicos namaquus. There were three nesting
records that reported hole aperture, whereby all haidth of between 6 and 6.5cm and one had a
cavity entrance height of 7.5cm. Height above ground wasvegrable throughout their range in
southern Africa, ranging from 2.5m to 12m. The mean Hy&S 6.77 = 0.75m (n = 18). Total depth of
nest cavities recorded in nesting records was 82.3 + 14 {#fBsr6), but was typically between 55cm
and 65cm. Nest preparation typically involved a thin lajeoft wood chips at the base of the nest

cavity, while one nest cavity had at least 35cm of wood @tipise bottom and had a terrible odour.

Nest cavity preferences

Meyer's Parrots preferred nest cavities with moderate cover the entrance over 10m above the
ground (Table 1). The mean nest cavity entrance heigh6W8&st 0.25m (n = 73) with a mean width
of 5.6 + 0.12cm (n = 73). There was a significant differenetevéen height above ground of nest
cavities in different tree species (ANOVA: F(8,64) = 4.p4« 0.001) (Figure 3). There was also a
significant difference between nest hole areas (i.e. hgightth of entrance) in different tree species
(ANOVA: F(8,64) = 3.25; p = 0.004) (Figure 3). There was, howawrsignificant difference in the
total depth (i.e. D1 + D2) of nest cavities in differaeetspecies (ANOVA: F(8,36) = 1.63; p = 0.151)
(Figure 3).

Over 40% (n = 29) of nest cavities were in snags (i.e. tteadrunk) or branches, while over
57% (n = 41) were in nest cavities excavated in knots neguitom branches breaking off the living
trees. Only 3% (n = 2) were in the crook between twadbres of a living tree in poor condition. In
addition, 64% (n = 46) of nest cavities were in dead woodandbres, while only 36% (n =26) were
established on the trunk of the tree. Over 90% (n =65) of aaasties had one entrance hole, the
remaining 10% (n = 7) having two entrances. Meyer's Papotterred nest cavities that were

downward inclining (Figure 4) and north-facing (Figure 5).
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Chapter 11: Nesting ecology of Meyer’s Parrot
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Figure 3: Nest cavity preferences: Hole area {grotal depth (cm) and height above ground of Meyer’sdPar
nest cavities in different tree species. Verticat limpresent + SE.
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OO

90°

180°

Figure 4: Incline €) of Meyer’s Parrot nest cavity entrances from

0° (directly up to the sky) to 18@directly to the ground) (n = 75)

Nest cavity availability

The compass orientation of nest cavities were evenly distdiingiveen Dand 360, however, 58% (n

= 116) were south-oriented (i.e. betwee? 80d 270) (Figure 5). Based on nest cavity preferences
measured during our study, only 4.5% (n = 9) of nest cawiteze suitable for Meyer’s Parrots (Figure
6). Over 80% (n = 163) of nest cavities in the sample weravaked by primary excavators (e.g.
woodpeckers or barbets). Only 49% (n = 98) of potential rsasties that were investigated yielded

signs of occupation during the summer breeding season.
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S

Figure 5: (a) Compass orientations of nest cavities withiaredom sample (n = 228)
of nest cavities from the sample area at Vundumtiki; Gbmpass orientations of
Meyer’s Parrot nest cavities measured during study (n = 72)
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, total cavity depth (including D1

Cavity height/width class (cm)
and D2) (b) and nest entrance height and width classest(@) & sample of 200 nest cavities within the sample

Figure 6: Relative frequency of different height above ground (Hala$ses (a)
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Chapter 11: Nesting ecology of Meyer’s Parrot

Nest-building behaviour and commensal excavators

There were signs of modification by Meyer’'s Parrots limast cavities, whereby most cavities had
beak marks radiating from the nest cavity entrance, evideh@nlarging the cavity entrance, and
evidence that the cavity had been further excavated. ficydarly old nest cavities there were signs of
smoothing due to extended use and nutrient streaks down thefdide tree indicating leaching of
waste materials from the cavity over subsequent summsors®ea There was evidence of excavation
during the 2007 primary breeding season for 8 of 13 nest cavitiesared. Mean excavation rate was
4.54 cm per season with a maximum excavation rate of 18 omeiseason observed at in a nest cavity
in the branch of arcacia nigrescens tree. Meyer's Parrots were observed actively excavaieyy
cavities on five occasions. All of these instances involwesding pairs that had been individually
sexed and identified during 10-hour nest cavity observationapf€h9). At each sighting the male
excavated the nest cavity alone, while the female was eitisent or in an adjacent tree. Males were
strong excavators and were able to enter the cavitgieedge several minutes with several wood chips.

There were no signs that these parrots were feedingod-toring Coleopteran larvae.

Six potential excavators were identified in the study ,amuding: Black-collared Barbet
Lybius torquatus; Crested Barbetrachyphonus vaillantii; Bearded WoodpeckeFhripias namaquus;
Golden-tailed WoodpeckeE. abingoni; Bennett's WoodpeckeCampethera bennettii; and Cardinal
WoodpeckemDendropicos fuscescens. Crested Barbet utilized Meyer’s Parrot nest caviteg nesting
during summer (n = 6), while Black-collared Barbet werey ardted to do this on three occasions.
Bearded Woodpeckers, Crested Barbets and Black-colleadie® were the most frequently sighted

primary excavators.

Cardinal point experiment

Temperature readings from each of the cardinal points sigréficantly different (ANOVA: F (3,
8188) = 120.26, p < 0.001). Overall the mean temperature at themesnce was highest (F
21.96C; n = 2048) for N-facing nest cavities, followed by W-faciiig £ 21.58C), E-facing (T =
19.1%C) and S-facing (= 17.46C) (Figure 7). As would be expected temperatures weteehi in

E- and N-facing orientations in the early morning andagirfg entrances in the late afternoon (Figure
7).
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Figure 7: Cardinal point experiment: Ambient temperature fluctuatmnsorth- (N), south- (S), east- (E) and
west-facing (W) nest cavities between

Discussion

Non-random nest cavity preferences

Although Meyer’s Parrots were found to be nest tree gertsrgiShapter 10), which indicates
adaptability and utilization of a wide range of nest treeisge Individual utilization of nest cavities
was specialized and non-random, whereby they preferred sathtaé were north-facing, downward
inclining, deeper than 600mm, higher than 10m above the graumtlhad a nest hole aperture of

between 50mm and 70mm.

The preference for north-facing nest cavities was sigmfi@and we hypothesize that in the
southern hemisphere north-facing nest cavities minimize ggnexxpenditure during winter.
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Furthermore, our cardinal point experiment supported thisggnexpenditure hypothesis for nest
entrance orientation, whereby temperatures at thecasity entrance were significantly higher with
north-facing orientation. The predominant wind directioning the breeding season was SSE (Boyes
unpub. data), and therefore, N-facing nest cavities woellest sheltered from the effects of wind chill
during winter. Selmaret al. (2004), however, found no preference for nest cavity orientation
Ruppell’'s Parrot. This was likely due to the low avaiigpibf nest cavities in their natural habitat
(Selmaret al. 2004). Our study demonstrates that given the opportunity wirgedioig populations of

Meyer’s Parrots will likely select N-facing nest cawsti® minimize energy expenditure.

Radford and du Plessis (2003) found that nest cavitiesdemmward-facing entrances were
more likely to be successful than those with an inttmebetween 9and 90. This was due to reduced
food provisioning rate by adults to nestlings and nest flooding duririgdseof excessive rainfall
(Radford and du Plessis 2003). Meyer’'s Parrots, howeveedhpredominantly during winter when
rainfall is not a consideration in the Okavango Deltalm&eet al. (2004) also found that Ruppell's
Parrot demonstrated no preference for the inclinatiohehest cavity entrance, likely due to restricted
nest cavity availability. Meyer’s Parrots, however, showetistinct preference for downward-facing
nest cavities. Downward-facing nest cavities likely assitt nest defense by restricting access to
snakes and other predators. Radford and du Plessis (200&)yér, found no evidence to support a
relationship between anti-predatory considerations ancnarefe for downward-facing nest cavities.
Downward-facing nest cavities likely benefit from reliarm® ambient temperatures and not direct
sunlight, which during the middle of the day could cause heggssto chicks. Based on the preference
for nest cavities deeper than 60cm, however, it is likleat effective insulation maintains a stable
micro-climate, thus reducing the significance of ambitamhperatures in nest cavity inclination
preferences. Ambient nest temperatures inside MeyerietReest cavities were very consistent over
time indicating effective insulation from low ambient temggares in the early morning (Chapter 9). Ar
et al. (2004) observed that hypoxia may become a problem for cavitrgésrds during the breeding
season. Wiebe (2007), however, found that oxygen levels insicgpied nest cavites were not
significantly lower than ambient levels. GymnogeReb/boroides typus were observed frequently in
the study area and were reported to prey on one Meyer@t lrast cavity during our study (Chapter 9).
Gymnogenes have a tarsal joint that flexes in all direstitmus allowing it to remove nestlings from
shallow nest cavities (Hockey al. 2005). Chacma babooRspio ursinus have been reported to prey
on eggs in nest cavities (Skinner and Smithers 1996). In @udMeyer’'s Parrots preferred nest
cavities with a angleoaj of between 4%5and 60 downward from the horizontal (Figure 2), further
supporting the notion that this is in reaction to the rispaiential predators reaching in and removing

the trapped nest contents. The findings of Selebah (2004) concure with nest box prescriptions put
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forward by Manning (1996), whereby Rippell's Parrots in the wikfer a tilt inside the nest cavity of
35° from the horizontal. Predation risk was demonstratedet an important consideration of nesting
female Meyer’s Parrots (Chapter 9), and thus it isyilleht preference for deep nest cavities is linked

to anti-predatory behaviour.

Nest cavity availability is limiting

Cavity availability is restricted by rate of excavatiochiavable by primary excavators, subsequent
cavity re-use by these excavators, rate of naturalyckss, and territoriality and competition among
secondary cavity-nesters (Holt and Martin 1997). Differermstsveen Meyer’'s Parrot nest cavity
characteristics and those of nest cavities availaliteeistudy area meant that only 4.5% of nest cavities
were suitable for Meyer’s Parrots. This is likely amportant contributing factor to the low breeding
population (Chapter 9) and limited number of active Mey&d&srot nest cavities in the study area
(Chapter 10). It seems that, as long-lived cavity-nediirdyspecies, Meyer’'s Parrots prioritize adult
survival over nesting, and thus likely do not initiate nesticiivity until preferred nest cavities become

available.

Secondary cavity-nester or primary excavator?

Secondary cavity-nesting bird species are charactehigtiopportunistic in their cavity adoption
behaviour (Holt and Martin 1997; Aitkesi al. 2002) and due to the likely requirements of Meyer’s
Parrots to excavate the nest cavity further over severatlibgeseasons the probability of directly

linking Meyer’s Parrot nest cavities with primary excavataver three breeding seasons was very low.

Bearded Woodpecker nest cavities are usually 3—5m above the gvabralcharacteristically
oval nest entrance (77mm x 55mm) and a mean cavity de80aim (300-500mm) (Tarboton 2001).
Golden-tailed Woodpecker nest cavities are typically 2ovatthe ground with a smaller entrance hole
(50mm x 53 mm) and cavity depth of 200—380mm (Tarboton 2001). BenNétitxipecker nest
cavities are normally 2—4m above the ground with an entfasieeof 55mm x 60mm and cavity depth
of 230—-460mm (Tarboton 2001). The smallest woodpecker represvesseitie Cardinal Woodpecker
that excavated nest cavities between 1-3m above the groundmwentrance hole of 44mm x 37mm
and cavity depth of approximately 190mm (Tarboton 2001). Crd3aeblet excavates nest cavities
with an entrance hole of 45-50mm in diameter between 1.5 &ndabove the ground, entering the

stem at a right angle and descending to a depth of 30-400mm (Ta200tb). Black-collared Barbets
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also excavate nest cavities about 1-4m above the groundmahtrance diameter of 35-40mm and an
overall depth of approximately 300mm (Tarboton 2001). Nestycelharacteristics of all these primary
excavators fall within the range of utilization by MeydParrots; however, Meyer’s Parrots consistently
preferred deeper nest cavities, higher up in the tree.likelg that this poor correlation with the nesting
behaviour of primary excavators resulted in only 4.5% oflab@ nest cavities located within the
sample area being compatible with the recorded nest qargtgrences of Meyer’'s Parrots. Therefore,

all indications are that Meyer’s Parrots should be ifladsas weak excavators (Aitkehal. 2002)

Similar to Ruppell's Parrot, which enlarged the holes chda Pied Barbdtybius leucomelas
(Selmaret al. 2004); Meyer's Parrots were demonstrated to modify nest catitles deeper and wider.
This may have been to produce new nesting material easbrs (i.e. moist wood chips at the bottom of
the nest), but due to significant increases in cavity odpehto excavation by Meyer's Parrots recorded
during one breeding season, it seems that excavation ighgitimtention of actively modifying these

cavities to their preferences.

Noting that Meyer’s Parrots were shown to modify existing oasities, it seems that Meyer’'s
Parrots could utilize cavities excavated by any of thegeary excavators — probably selecting those
excavated higher in the canopy. Meyer’'s Parrots denaiedtithe ability to further excavate nest
cavities, and thus nest cavity depth restrictions arigriificant. Nesting records from Zimbabwe,
however, noted the Bearded Woodpecker as the previous occupaviiegeds Parrot nest cavity, thus
establishing the only direct link with a primary excavatBearded Woodpeckers, Crested Barbets and
Black-collared Barbets were the most frequently sightadary excavators in the Okavango Delta. In
addition, Selmaret al. (2004) observed that Rippell's Parrots predominantly utilized ceesties
excavated by Bearded Woodpecker. Hockey et al. (2005) pwarrthat Meyer's Parrots re-use
barbet nest cavities. Further research is required ond$teng ecology of primary excavators in the
African subtropics to understand this interaction. It li®wever, likely that Meyer's Parrots
opportunistically usurp barbet or woodpecker nest cavitiesavexe them further for one or two

breeding seasons, while utilizing another nest cavity witieir breeding territory (Chapter 10).
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Chapter 12:

Conservation biology of Meyer’s Parrot Poicephalus
meyeri (Cretzschmar) 1827 Kordofan!

Summary

Meyer’s ParrotPoicephalus meyetas the widest trophic niche and distributional range gfRmcephalus
parrot studied thus far, and therefore, is expected todre nobust to macroclimatic (e.g. climate change),
ecological (e.g. deforestation and influx of exotic spécesl historical (e.g. population growth, poverty and
social unrest) factors that influence population statasgdiven area. African deforestation rates are, howeve
so high that alPoicephalugparrot metapopulations are likely under threat. Range redutsis been recorded
in all Poicephalugparrots studied and surveyed in southern Africa. Mosirdscof the population status of
otherPoicephalugarrots pre-date the chronic loss of forest cover in 2@eange states, resulting in 12 out of
18 range states undergoing significant habitat loss. NefRarrots have three ecological weaknesses that
make them vulnerable to habitat loss, including the lowingegpopulation, specialist nest tree and cavity
requirements, and their strong affinity for riverineefstrand associated dAcaciaCombretunBrachystegia
woodlands. Meyer’s Parrots need to be classified asdgditzient or near-threatened until a continent-wide
survey of the population status of all African parrots atiterocavity-nesting forest specialists has been
undertaken. The wild-caught bird trade should also be haltedtiuatsustainability of this trade has been

evaluated and the relevant information made available.

Introduction

The derivation of a conservation plan for Meyer’'s PaPaitephalus meyers complicated by the wide
distributional range of this species across subtropicat#frihe paucity of data on their population
status and distribution, and the logistical difficulties surveying remote areas within their range
(Wilkinson 1998). At present, Meyer’'s Parrots are classifis Least Concern with respect to the IUCN
Red List of Threatened Species (Birdlife Internatid@08), and therefore, are considered widespread
and abundant (IUCN 2001). This classification is applicablthé Meyer’'s Parrot population in the
Okavango Delta, Botswana, because of high sighting freigsand distribution throughout the system

! Formatted foBird Conservation InternationaBirdlife International, Cambridge, U.K.
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(Wirminghaus 1997; Chapter 2: Boyes and Perrin in review a)ln Southern Africa, however,
Ruppell’'s ParrotsP. rueppellii (Selman 1998; Selmaet al. 2000), Brown-headed ParrofB.
cryptoxanthugTaylor 2002; Boyes unpubl. data), Cape ParrotsobustusDowns 2000,2005; Perrin
2005) and Meyer’'s Parrots (Rowan 1983; Boyes unpub. data) havecatided significant range
reduction and population decline over the last 25 years (Wilkih868). Both habitat loss (e.g. Cape
Parrot) and wild-caught bird trade (e.g. Ruppell's Parhaive facilitated these declines (Wilkinson
1998; Selmaret al. 2000; Perrin 2005). There is no evidence that Meyer's Paretable to adapt to
the urban or agricultural landscapes, beyond becoming a espprpareas associated with significant
protected areas, indigenous forest or undeveloped riveeysale.g. Luangwa Valley) (Rowan 1983;
Boyes 2006a). Therefore, the population status of Meyer’s tBaanal othefPoicephalusparrots is
likely linked to the carrying capacity and compatibility afitable forest habitat with specialist

ecological requirements (e.g. food resources and nasesav

Two primary threats to the population status of Meyedsrds were reviewed in this study,
including habitat loss and the wild-caught bird trade @adnd Juniper 1992). Deforestation rates in
African countries are twice that of the rest of the ldjowhereby the continent loses over 4 million
hectares of forest cover every year (UNEP 2008). Logging] tomversion to agriculture and
settlement, wildfires, cutting of firewood and charcaahd civil unrest are the primary causes of
African deforestation (Kelatwang and Garzuglia 2006). Allhase are primarily driven by population
growth, poverty and climate change (UNEP 2008). Between 1975 and 200B500@60 wild-caught
Meyer’s Parrots and almost 1 millidgtoicephalugparrots were recorded in international trade (UNEP-
WCMC CITES Trade Database 2005).

Habitat loss in forest communities has been identifieda primary factor threatening avian
species survival (Collaet al. 1994). Davidaret al. (2001) highlighted the value of keystone forest
habitat types and the requirement to identify and prdteete plant communities. Species-habitat
associations are important in conservation planning andagement for identifying the potential
impacts of habitat change on species survival (Brown &tn 1993, Marsden and Fielding 1999).
To this end numerous studies have been undertaken on thet laaisibciations of Psittaformes (Bryant
1994, Gilardi & Munn 1998, Marsden and Fielding 1999, Robateal. 2003, Evanst al. 2005).
However, no research, beyond anecdotal descriptions in thatdite has been done on the habitat
associations of African parrots (Perghal. 2000). This study evaluated the habitat associations and
behavioural ecology of Meyer’s Parrot to correlate ecobdgicocesses (e.g. niche specialization) with

current threats to population status.
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M ethods

Data on forest cover from up-to-date satellite image® weviewed for evidence of threat to Meyer’'s
Parrots and othdPoicephalusparrots (UNEP 2008). The UNEP-WCMC CITES Trade Datalbase
reviewed to evaluate past and future threat posed byiltieaught bird trade to species survival of all
Poicephalusparrots. Wild-caught trade data féwmgapornis lovebirds and African Grey Parrots
Psittacus erithacusvere also evaluated. The feeding ecology (Chapter 2), bgebitilogy (Chapter 9:
Boyes and Perrin in review b), nesting ecology (Chapter @@e®and Perrin in review c; Chapter 11:
Boyes and Perrin in review d), habitat preferences (€hdptBoyes and Perrin in review e), food
resource tracking (Chapter 4: Boyes and Perrin in reviewarf)l trophic niche metrics (Chapter 5:
Boyes and Perrin in review g) were reviewed for evidengehehotypic plasticity or vulnerability to

drastic habitat changes and wild-caught bird trade.

Results and discussion
Paucity of data on population status

Global population and population trends of Meyer’'s Parrots ather African parrots have not been
guantified (Birdlife International 2008), and the majorityoc@immentary on their population status is
out-dated to the point of place names being redundantént 1944; Mackworth-Praed and Grant
1952, 1962, 1970; Irwin 1956; Traylor 1965; White 1965; Urban and Brown 19¥letFal. 1988;
Lewis and Pomeroy 1989; Wirminghaus 1997; Wilkinson 1998). Most of tieeseds pre-date the
rapid deforestation over the last ten to fifteen years (UREF8). Based on the review of current data
on population status and distributional range, Meyer’s Paaiodl othePoicephalugparrots, should be
classified as data deficient within the IUCN Red IGsttegories and Criteria (IJUCN 2001). Up-to-date
records of the population status and ecology of Raicephalusparrot populations represent a
conservation priority, especially in data deficientcsge (e.g. Yellow-faced Parroi& flavifronsand
Niam-Niam ParrotsP. crassup and historically heavily-traded species such as Seérfegaots P.
senegalugUNEP-WCMC CITES Trade Database 2005).

Rapid deforestation threatens species survival

Deforestation rates have slowed since the 1990s (KelatwahGarzuglia 2006), however, commercial
logging, illegal charcoal production, cutting for fuelwoodd a&onversion of forest habitat to agriculture

or monoculture agro-forestry (e.g. oil palms) maintain hinghest deforestation rates in the world
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(Kelatwang and Garzuglia 2006; UNEP 2008). All Meyer's Pamatge states are experiencing net
loss of forest cover (UNEP 2008). Of these Zimbabwe and Udaadldeforestation rates of over 15%
per annum between 2000 and 2005 (UNEP 2008), and thus could Ipeeatly forest cover within 10
years at current rates. Botswana, Zambia, TanzaxigEtnopia also have significant deforestation
rates (i.e. 1-15% per annum). Deforestation rates nyd&are comparatively low, but primary forest
cover has been reduced to less than 2% (UNEP 2008). Mostsego the population status of
Poicephalusparrots pre-date 1990, and Rbicephalusparrots are dependent on primary hardwood
forest communities, population declines commensurate wigstfdabitat loss in these range states are
expected. According to the IUCN Red List categories aritria, and inferred population size
reduction 0£~50% over the last 10 years indicates that a species is vble¢ralUCN  2001). At
deforestation rates of 15% this loss occurs within 5 yélaws, indicating that cavity-nesting hardwood
forest specialists such as Meyer’s Parrots are likeatened at several locations within their range. It
is projected that within the next 10 years several Africamiziis may only have small forest patches
dispersed within a disturbed landscape (UNEP 2008). Loss etdkey habitat resulted in the Cape
Parrot population declining to under 1000 individuals (Wirminghaued. €000, 2001; Downs 2000,
2005, 2006).

In this study, Meyer’s Parrots were strongly associateld egtablished riverine forest galleries
and associateAcacia-Combretunwoodlands (Chapter 3), whereby collectively these habipastare
likely keystone to the persistence of Meyer’s Parrots givan area. Riverine forest galleries and the
associated\cacia-Combretumvoodlands provide their nesting and roosting opportunities, afokity
of seasonal food resources important to Meyer's Pafmts seeds from fruits, Combretaceae and
Leguminosae pods, figs and arthropod larvae) (Chapterdht@h9). In addition, Meyer's Parrots feed
almost exclusively in the high canopy over 20m (Chapter 4) andiaige in nesting in large
hardwoods (e.gAcacia sppandCombretum spp.over 100cm in diameter (Chapter 10), and therefore,
are likely dependent on old-growth primary forests over 100 — 1&@ ydd (Elleryet al. 2000; Boyes
unpub. data). Habitat assessments in the Okavango Del@nskeated that large trees preferred by
Meyer's Parrots (e.gCombretum imberbandAcacia nigrescensrees over 100cm in diameter) were
infrequent in the habitat mosaic. Similar to the CRperot (Symes and Downs 2000; Perrin 2005),
removal of these trees from the habitat mosaic due tallggal charcoal industry and commercial
logging would likely cause gradual population decline. Nespegificity was compounded by the low
incidence of suitable nest cavities in suitable hardwooestrevhereby only 4.5% of nest cavities
measured in the Okavango Delta corresponded with the non-randboawiég preference of Meyer’s
Parrots (Chapter 11). Nest trees preferred by Meyersot8aare poorly protected in their southern
African range, whereby onhAdansonia digitataand D. mespiliformisare protected in Botswana
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(Botswana Forest Act 1981), ard digitatg C. imberbeandAcacia eriolobaare protected in South
Africa (Biodiversity Act 2004).

Meyer’s Parrots have the widest trophic niche of Roicephalugparrot (Chapter 5). There is,
however, no evidence to support the assumptions of the Ecol®&pealialization Hypothesis put
forward by Gaston and Lawton (1990), Pomeroy and Ssekab8@0) and Brandle and Brandl (2001)
(Chapter 5). Therefore, it is unlikely that the wide rilisttion of Meyer's Parrots is facilitated by
phenotypic plasticity to macroclimatic (e.g. climate m@ and historical (e.g. population growth,
social unrest and deforestation) factors that influepopulation status and distributional range.
Meyer’s Parrots are the small&icephalugparrot (approximately 2.5 times smaller than Cape Rarrot
(Rowan 1983) and thus have considerably lower absolute proteian@ngly requirements (Koutsos et
al. 2005). Boyes and Perrin (Chapter 5) found a significagdative correlation between body size and
extent of distributional range, whereby the smallerRb&ephalusparrot, the wider the distributional
range. Therefore, the wide distribution of Meyer’s Pariotaore likely due to their ability to persist in
the most widespread forest habitats in central andraastéd-Saharan Africa, rather than phenotypic

plasticity and resultant high tolerance for disturbance.

Riverine forests and associated dry tropical forestngonities (e.gBrachystegiawoodlands
and dryAcacia-Combreturwoodlands) likely facilitates their wide distribution and bshment of six
sub-species along the Kavango and Zambezi basins, Great &lifty \6ystem, and across the Nile
Valley towards Lake Chad in the Sahel (Figure 1). Tlaesehe most significant rivers and associated
catchments in southern and eastern Africa, and likely ifumets “conservation corridors” facilitating
gene flow between subspecies at contact zones such as tren@k®elta (i.eP. meyeri damarensis
P. m. transvaalensjs The speciation oPoicephalusparrots and other forest non-passerines can be
explained by the hypothesis of “forest refugia” (Diamondi&milton 1980; Crowe & Crowe 1982),
whereby it is likely that during climatic vicissitudes e's Parrots remained in river valleys, Brown-
headed Parrots in coastal forest refugia, and Rippel’sof in a forest refuge in southern Angola
identified by Crowe and Crowe (1982). This interrelationshgtween their distribution and
macroclimatic conditions supports the hypothesis that Meyatsots populations will disappear from
an area if suitable forest habitat disappears. The o@ig of riverine forest communities is thus
paramount to the persistence of Meyer’s Parrots througheintrange and they are likely the sources of
meta-populations. At present, Meyer's Parrot populatioeslikely retreating to river valleys and

catchments throughout their range.
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Based on the analysis of up-to-date satellite imagesyvilyer's Parrot subspecies populations most
threatened by deforestation &em. matschein Tanzania, Malawi, and Keny®, m. saturatusn Uganda,
andP. m. transvaalensig Zimbabwe and South Africa (Figure 1). Surveys of thasge states yielded
Meyer’s Parrot sighting frequencies between 10 and 20 tiesssthan the Okavango Delta (Boyes unpub.
data). Figure 1 represents the distributional range of Néelarrots as per historical records (Vincent 1944;
Mackworth-Praed and Grant 1952, 1962, 1970; Irwin 1956; Traylor 1968 \W®865; Urban and Brown
1971; Fryet al. 1988; Lewis and Pomeroy 1989) and the sampling locations of 183 M&gerst skins at
the Natural History Museum at Tring (Tring, United Kingdoro)lected between 1852 and 1951 (Boyes
unpub. data). Range reduction is likely occurring in the neetdtern part of their distributional range in
Chad, northern Central African Republic and western Sudlhare increased climate change has resulted in
the desertification of vast, previously forested areas ([®IB08). In addition, there incidence in areas of
Mozambique, Malawi, Uganda, Zimbabwe, Angola, Zambia, ideayd the Democratic Republic of Congo,

also needs to be confirmed due to massive habitat conversiotegradation in these countries (Figure 1).

Wild-caught bird trade and UNEP-WCMC CITES Trade Database

According to the UNEP-WCMC CITES Trade Database (2005) 8verillion African parrots have been
removed from the wild, including almost 1 millid*oicephalusparrots, over 850 008gapornislovebirds,
over 1.2 million African Grey Parrots, and over 11 @fracopsisparrots from Madagascar (Table 1). The
wild-caught bird trade is, therefore, a significant thiteathe species survival of African parrots in the wild,

regardless of current population levels.

Since 1975, the majority #foicephalugparrots exported from Africa were wild-caught, most notably
Meyer’s Parrot with captive-breeding deficit of almost 75 000 the Senegal Parrot with 98% of the almost
830 000 parrots exported being from wild populations (Table 1jnileéBly, 93% of the over 1.3 million
African Grey Parrots traded were wild-caught (TableTihere has seemingly been no attempt to source these
African Parrots from captivity, even though they are bioitreasing in popularity in private collections
(Perrin 1999). African Grey Parrots (Low 1992; Clark 2001), MsyRarrots (Brickell 1985) and Senegal
Parrots (Low 1992; Brickell 1997) are easily bred in captithiys indicating that the wild-caught bird trade
is likely driven by profiteering and not market demand (Galad Juniper 1992; Beissinger and Bucher
1992a,b). The only feasible alternative source to wildcAfriparrot populations is aviculture, and therefore,
the development of avicultural techniques and market atcaesmntral to the conservation of wild African

parrot populations.

294



S6¢

(ec6TE) 19.G€ v16T L¥8EE snure|nd v pJiIgaAn0T paoe)-pay
696VETT 6.€2veT ¥/988TT GO.ES S|||0219s01 'Y pJIgaA0T pade)-yoead
G9€229 L10g€L 121119 9GESS snjeuos.ad "y pJIgaA0T padSeN
(ov8T1) 9912 Z166 ZS.TT seuel|l| 'y pJIgaA0T S,uel||i]
(9880T) 0TvECT 8.2/ 2eTITT snued 'y pJIganoT papeay-Aa1o
28Lev2 v/99T¥T 8220€8 9117985 ISRV PJIGBAOT SJ8YISI
(8¢) 8¢ 0 g€ eluRIR] 'Y pJIgeAoT pabum-3oe|g
(607) 601 0 601 SNUeILIBPUIMS Y PJIgaA0T pate|j0d-Xde|g
v1EGC 98992 00092 989 sluabuBiu siuiodeby pJIgan0T] paxaaya-xoe|g
(9vTY) 0ZeS 185 geLy eseA sisdooeio) loljed eseA Jayeal
(5609) €619 66T 629 elfiu sisdooeion Jolled BSBA 19ss97]
(LEV9ETT) L9/ETET 69988 20TS22T shoeyjIa snoejisd Josied Aa19 uedlyy
0ET 8T 6ET 6 suodjine|} 'd j0.lred paoe}-Mojla A
(ev6e2) 065.2 28T 99/G¢ sLjusAlnI *d loled pal||ag-pay
8485 029 T€09 €L1 ieddani *d Josed s,jladdny
(ozszy) 90T¥S €6.S €TE8Y iwiaiinb o Joljed s,auiprer
(r98€6.) 296828 ¥GGLT 80VTT8 snjeBauas 'd Joled [eBauas
(g8geT) 19291 8EET €Z6vT xSnisngou “d lo1ed aded
(98s21) 0S6ET Z89 89Z€T snyuexoldAid “d Joiled papeayumoig
(v6€) 90V 9 0l0}% snssei 'd Joled WeIN-weIN
(9zvyl) 8698/ 9gTC 2959/ uaksw snjeydsalod 1010ed s ahs N
uo1jop (u) suodxa ssoi9 (u) paig-annden  (u) wybnea-pipn [elwoulg a1nualos sjolled ueduy

Buipaalig-annde)d

1010ed S, ksl Jo ABojoig uoneAlasuo) :ZT Jaidey)d

apeJ) [euoneuIaIUI 0] 81N)NJIAR JO UONNQLIU0D Jood Acppamiep Buipsaig-aandes e areoipul () (5002 8seqereq

apelL SILID DNDIM-dINN) S00Z Pue G/6T Usamiagsnoenisd puesisdodelo) siuiodeby snieydadiogy aseqered apedl SILIDO DNOM-dINN T d|qeL



Chapter 12: Conservation biology of Meyer’s Parrot

Relevance of feeding ecology to conservation biology

Rainfall seasonality and the consumption of parasitic@td larvae incubating in and feeding on pods
and fruits in their diet were likely significant factons the timing and synchrony of breeding at
population level (Chapter 9). Rainfall also has a sigmifianfluence on the nesting success of cavity-
nesting bird species due to nest flooding and reduced mmowig rate (Radford and du Plessis 2003). It
is, therefore, reasonable to assume that, when possabvigy-nesting bird species avoid breeding during
wet periods. Stutchbury and Morton (2005) observed that breedmgot occur outside of the wet

season unless there is suitable food resource available cheidgytseason.

In the Okavango Delta, there was a significant negatiuelation between monthly rainfall and
total number of clutches, whereby the influence of rdlimfas indirect and likely linked to declining food
resource availability (e.g. insects and ripe fruitg) dther cavity-nesting bird species and subsequent
cessation of their breeding activity (often in Meyer'srBtanest cavities). Consumption of arthropod
larvae protected inside Combretaceae and Leguminosaepales Meyer’s Parrots to breed during the
dry season when other cavity-nesting bird species, whelprdominantly insectivorous, experience a
food resource bottleneck. Our findings support the hypottiegishe breeding seasonality of Meyer’s
Parrots is dependent on the interrelationship of inter-spe@ammpetition for Meyer’s Parrot nest cavities
during summer and resource abundance fluctuations of arthtap@® in their diet during the early
breeding season (i.e. egg-laying, incubation and early nestiragiper Therefore, Meyer's Parrots are
likely very sensitive to disturbances such as unnaturally res {i.e. poor land management) and aerial

pesticides that may influence arthropod larvae infestédiceis.

Possible conservation tools to mitigate threats to species survival

Conservation tools identified as potentially useful nve ttonservation of Meyer’'s Parrots and other

Poicephalugarrots include the following:

(@) Census techniqueConservation planning requires a comprehensive knowledge etdhegy and

status of a species, thus allowing for the developmentmahagement prescriptions that
accommodate all ecological and habitat requirements (Mgitki 1998, Snydeet al. 2000).

Meyer’s Parrots have green under-parts, are arborealegydskittish. Therefore, to ensure the
highest probability of detection without flushing them, thus nglsubsequent double-counting, line
transects should be conducted when Meyer’'s Parrots di@atg and vocalizing most frequently
(Chapter 7: Boyes and Perrin in review h). They are lintpeders (i.e. vocalize involuntarily

during feeding activity) and the probability of detecting adileg Meyer's Parrot was over three
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times greater than detecting socializing or resting paraotd over 5 times greater than detecting
parrots in flight (Chapter 7). In addition, the probabiliyobserving a Meyer's Parrot feeding
between 08h30 and 11h00 was between two and three times Higheattany other time of day
(Chapter 7). Therefore, population estimates should be defieen survey counts of feeding
Meyer's Parrots between 08h30 and 11h00. Feeding activity be@8#d® and 11h00 was not
significantly influenced by seasonal temperature fluctuafioainfall, flood regime, food resource
availability or change in location, and therefore, wikely provide a useful index of relative
abundance between different sites and over time (Chaptétopulation density estimates should be
gathered between August and January in southern Africa thigemajority of the population is not
breeding, as females are absent during the majority d@irdesling effort. Future work on one of the
other P. meyerisubspecies, however, is required to test the applicabilithesfe prescriptions to
different study populations. These prescriptions likely afgpBrown-headed Parrots and Ruppell’'s
parrots, however, below certain population levels sightregufency may be too low for viable
inferences concerning population level. Further researckqgsired on the Red-bellied Parrot,

Niam-Niam Parrot and Senegal Parrot before prescriptande adapted for these species.

Sustainable harvesting practicedn Africa, the social (e.g. poverty and unrest), caltue.g.

utilitarianism) and political (e.g. legislation and goveroe) obstacles put forward by Beissinger and
Bucher (1992) as prerequisites to the sustainable harvestpayrots are too significant for use of
this practice as a conservation tool. In addition, thei@dn of the conservative sustained-harvest
model to African parrots is impossible due to inabildyeffectively sex and age these species in the
field. Given the demonstrated low breeding turnover and ecofdiipese long-lived, cavity-nesting
forest specialists, it is unlikely that sustainable hamgsould to be an economically viable. Based
on the low breeding population observed in Meyer’s Parrot in #@&hgo Delta (Chapter 9), all
current harvesting quotas for African parrots from the waild unsustainable until proven to be
otherwise. For example, harvesting quotas for Senegedt®and African Parakeets in Senegal
were 12 000 live parrots each (CITES 2008). Regardless ebtiree populations, this level of off-
take is unlikely to be sustainable given our knowledge of tireleding biology. The development
of aviculture in both source and market countries isothlg way the international pet trade can
sustainably be provided with African parrots. UNEP-WCMITES Trade Database demonstrate
that international trade in African parrots is drilgneconomics of the wild-caught vs. the captive-
bred bird trade, whereby although more convenient the ftiradmptive-bred parrots is not as

profitable as trade in wild-caught parrots (Wrighial.2001).
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Nest boxes Nest box trials in natural habitat of Caf
Parrots and Meyer’'s Parrots have failed to yield pasit
results (Downs 2005; Boyes 2008a,b). During the 2(
field season of the Meyer’s Parrot Project 105 nest bo
of varying designs were dispersed along fc
representative forest habitat transects in the Okava
Delta (Boyes unpub. data). After two breeding seasc
only two nest boxes have been included in Meyer’'s Pa
nesting territories, however, they were never utilized

breeding (Figure 2). Due to the apparent failure of n
boxes as a conservation tool to overcome reduced

cavity availability due to forest habitat alterationg(e.
logging), conservation authorities need to concentrate
mitigating threats such as the wild-caught bird trade :
deforestation.

Figure 2: Nest box incorporated into
Meyer’s Parrot nesting territory.

Artificial snags Conservationist should now test the efficacy of ardfisnags (e.g. palm stems or

dead hardwood trees supported by metal frame of over 10height, thus more effectively

accommodating the specialist nest tree preferences ofri@&aarots (Chapter 10), while providing

the ideal nest cavity characteristics as per Chapter 11.

Future research on African parrots

Future research on African parrots needs to centreneresser-knowrPoicephalusparrots and the

African Grey Parrot. Both the African Grey Parrot é8whegal Parrot are near-threatened by the wild-

caught bird trade, and thus urgently require our attebi@bore populations decline below levels useful to

empirical scientific research. African conservatarthorities need to establish ecological benchmarks

for cavity-nesting bird species vulnerable to deforestatignmotivating research on the ecological

processes (e.g. disturbance regime (Chapter 10) and niestlymamics (Aitkeret al. 2002). Future

research needs to include analyses of food resourcéomskips (Chapter 4), nest tree preferences

(Chapter 10) and habitat associations (Chapter 3).
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Conclusion

If deforestation continues, local conservation authordied CITES need to ensure that the wild-caught
bird trade does not compound the problem. Meyer’s PamdtstherPoicephalugarrots need to be re-
classified as near-threatened or data deficient (I206L) until further research has been conducted on
the behavioural ecology of lesser-knoRaicephalusgparrots (e.g. Yellow-faced ParrBt flavifronsand

the African Grey Parrot). National and regional conservadiathorities and ministries responsible for
the environment need to coordinate into a continent-wide Afpearot and forest bird survey, targeted at
regions where deforestation and wild-caught bird trade hega most severe. It is likely that several
subspecies, populations and sub-populations of African paretdraady endangered (e.g. Cape Parrots

and the Meyer’s Parrot population in South Africa).
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Appendix |I. International seminars on the Meyer's Parrot Projeat the

Okavango Delta

1. April 2006: Seminar on the Meyer's Parrot Project and @kge Delta as part of the
Distinguished Lecturer Series of the Cooperative InstitmtdResearch into the Environmental

Sciences (CIRES) at the University of Colorado, Boulder

2. July 2006: Seminar on the Meyer’s Parrot Project and Okavanga &ebpart of the Wildlife
Management Lecture Series of the Department of Environmestance, Policy and

Management (ESPM) at the University of California, kédey.

3. November 2006: Seminar on the Meyer’'s Parrot Project and Ogavelta at the Wildlife

Conservation Society (Bronx Zoo), New York.

4. November 2006: Seminar on the Meyer’s Parrot Project andaDiavDelta at the Edward

Grey Institute for Ornithology (University of Oxford).

5. November 2006: Seminar on the Meyer’'s Parrot Project andaDga Delta at University of

Cambridge for UNEP-WCMC, Fauna & Flora International Birdlife International.

6. September 2008: Seminar on the Meyer's Parrot Project amada®g§o Delta at WildCru
(University of Oxford).
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Appendix I11. Popular publications

1. Boyes, R.S. 2005. The Meyer's Parrot — An African ParrétsittSceng 17(4): 14-15.
November 2005.

2. Boyes, R.S. 2006. The Meyer’s Parrot of the Okavango DBHarots April 2006: 42—47.

3. Boyes, R.S. 2006Meyer’s Parrot Project: Conserving a common parrot ircafrBirdTalk,
September 2006.

4. Boyes, R.S. 2006. Meyer’s Parrot — A German parrot ircAfRapageien8 (2006): 16-21.

5. Boyes, R.S. 2008. On life in Africa: Interview with arqed researcher. World Parrot Trust.
PssitasceneFebruary: 6-10.

6. Boyes, R.S. 2006. The Meyer's Parrot of the Okavango Dé&tbbler — Journal of Birdlife
Botswana April 2006: 42—-47.

7. Boyes, R.S. 2008. Fruitful endeavours: Observations of MeyertstBan the Okavango Delta.
Africa Birds & Birding February/March: 41-46.

8. Boyes, R.S. 2008. No competition: generalist feeding behagfoairhabitat niche specialist.

Wingspan, May: 61-66.

9. Boyes, R.S. 2008. Beobachtungen zur Brutbiologie von Goldbugpapadeageien.
11(2008): 388-393.
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