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

P. meyerisuperspecies complex with five congeners. Their distaobatirange 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 haglergone 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 Hir@ack in future monitoring became a research and
conservation priority. The primary aim of this stuaigs to correlate environmental (e.g. rainfall, ratbit
availability, resource characteristics, food resowisendance and temperature) and social (e.g. inter- and
intra-specific competition, predation,and human disturbarf@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 parrétsinifying 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 I08fer and Parr 1998), very few have
natural distributional ranges more extensive than MeyerisoPRoicephalus meyeriwhich extend
from the eastern Sahel, southern Sudan and Nile Riveny#iiwugh the Great Rift Valley and Great



Lakes system to South Africa, Namibia and Botswana (RA&983; Juniper and Parr 1998; Pentral.
2002). Wilson (1989) put forward that persistence of a phyllacthrough 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 Lovebidapornis 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 ParrBoicephalus rufiventrigMassa 1995) and the Yellow-faced PaifPot
flavifrons (Boussekeyet al. 2002). Due to the wide distribution and comparative ecological sucte
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; Peatrial. 2002).

Species-specific conservation planning requires a comsifeenknowledge of their
behavioural ecology and population status, thus allowing for thelgement of management
prescriptions that accommodate all ecological requiren(®¥ilkinson 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 drassiofdsrest 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 reductieriabhabitat loss. Meyer's Parrots are



classified as Least Concern as per the IUCN Red Ifidthoeatened Species (Birdlife International
2008), and therefore, are considered widespread and aburid& @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; étrgl. 1988; Lewis and Pomeroy
1989; Wirminghaus 1997; Wilkinson 1998; UNEP-WCMC CITES Trade Da&Ba05; UNEP 2008).
Up-to-date records of the population status and ecologl 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.
senegalu§UNEP-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 claifis vulnerable due to climate change and socio-
economic pressures (Perghal. 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 PafidiEP-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@98n Bt al. 2002), a situation that could
be compounded by the wild-caught bird trade (Boyes 2006), perse@ticrop pests (Rowan 1983;
Juniper and Parr 1998; Boyes 2006,2008a,b) and disease @t1lehth004). 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 ResearchreCenmt African Parrot Conservation

(University of KwaZulu-Natal) to choose this as the studyytetion.



Systematics of the genuBoicephaluswith 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 andebkr(Forshaw 1989). They vary
greatly in size from about 10-100cm in total length. Iric&fr 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). upier mandible is not rigid, but is
articulated with the skull, thus allowing considerable vertimvement (Rowan 1983). Feet are
zygodactylous, and plumage is hard, sparse and usually prigibured (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 remafby 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 idédtfon of the Cape Parr®. robustusas an
independent species to the Brown-necked Parduscicollis fuscicollisand Grey-headed ParrBt
fuscicollis suahelicugWirminghauset al. 2002; Perrin 2005), 19 continental species were recognized
by White (1965) and Peters (1940) for the Ethiopian region dimaufour 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@exmal 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,utiog 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).



There are ten species in the gerRa@icephalus including the: Cape Parrdeoicephalus
robustus Brown-necked Parrd®. fuscicollis Jardine’s ParroP. gulielmj Meyer’'s ParrotP. meyer;
Senegal ParrdP. 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 withBhe
meyerisuperspecies complex.

Poicephalusparrots are distributed throughout subtropical Africa, amydis Parrots live in
parapatry (e.g. Ruppell's Parrot) or sympatry (Red-teMarrot) with all other parrots in tiie meyeri
superspecies complex, except the Senegal Parrot (Figutdeipbers of thd>. robustussuperspecies
complex, however, have disjunct distributional ranges (Figure Th)e 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 MasyParrots and Brown-headed
Parrots hybridize extensively in the contact zone betweethSAfrica and Zimbabwe. Rowan (1983),
however, put forward that natural colour variations in Bréveaded 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%)dhesix. Based on broader acceptance
in the academic community, the six subspecies put forwarditeMd 965) are accepted; however, the
necessity for further revision is noted (Chapter 12). MsyRarrotPoicephalus meyerneyeri was
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.



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
() Niam-Niam Parrot P. crassus (d)

Figure 1: Distributional ranges of alPoicephalusparrots separated according to superspecies

complex.P. fuscicolliskept separate due to disjunct distribution (consideredpeees)



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

Steve Boyes © Dr. C. Christy

Wk
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P

Figure 2: Skins of Poicephalus parrotsfh meyerisuperspecies complex from the Natural History Muoset
Tring, U.K. (2006)



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

1899 (Neumann): Damaraland
(Namibia)

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

Steve Boyes ©

(@)

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 ©

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 sulspeemonstrating a morphological
character that is consistently different between sudbspe (a) Southern subspecies complex; (b) Central
subspecies complex; and (c) Northern subspecies complex.



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 collect&drnibabwe 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 122 meyeriskins at the Natural History Museum at
Tring (U.K.), it became clear there were morphologidadrecters that were inconsistent between
subspecies (i.e. colouration on the rump and abdomen, and iris)cahalibetween individuals within
subspecies (i.e. yellow-blaze on crown and wing culvertgju(Ei4; Figure 5). The only consistent
characters foP. meyeriwere the greyish-brown or ash-brown colouration on the etk 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 <4 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 / Yellow-markings on the carpal joint,
blue towards the distribution &f. t'b"'.’l and under-W|_ng coverts were
rueppellii (e.g.P. m. damarensjsn the variable petween individuals of all _
southern extreme of its range (Figure 2) subspecies, but more pronounced in

There were significant colour variations northern dls_trlbutlon (e.@. m.
within subspecies. saturate$ (Figure 5).

Figure 4: Distinctive yellow-markings proven to be unigue to evadividual Meyer’s Parrot



(@) (b)

Cyril Laubscher ©

(c) (d)

Cyril Laubscher ©

Figure 5: (a) P. m. damarensisvith no yellow
blaze and brown iris; (8. 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 fulaspecies “complexes” or clusters
by noting the relationship between morphological traits (es.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.
damarensisandP. m. transvaalensiwhich form the South African subspecies complex (Chapter 12).
These subspecies complexes were classified according@rghatogical traits as follows: (a) North

African subspecies have a red iris and complete yellowebdsz crown and carpal joint; (b) Central
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African subspecies have both red and
brown iris colours represented and less
yellow with the yellow-blazes on the
crown and carpal joints variable and often
missing; and (c) South African subspecies
have dark-brown iris colouration afd m.
damarensishave no yellow on crown,
while this trait is inconsistent ifP. 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.

L ) matschei and (b) Blue mutation oP. m.
complex are distributed along the Zambezi
o 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 femegdions, 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.gred$b
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 natation 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.
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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 ineevb). 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, slenderalndaa 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 incubaticnteff

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 &oicephalusparrots were restricted by low sighting
frequencies due to small, localized populations camdiyt 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 obyediwere laid out for the Meyer’'s Parrot

Project, including the following:

(a) Gather baseline data on the feeding ecology of Meyer'etfarbetter 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);
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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@wd &nd habitat preferences (Chapter 4:

Boyes and Perrin in review h);

(d) Use a modified Hurlbert's expanded and standardized nichetbreadex 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 patternkffay and roosting behaviour of Meyer’'s
Parrots in the Okavango Delta to provide prescriptions fosusetechniques fdPoicephalus
parrots (Chapter 7; Chapter 8); and

(N 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 (Chap@hehter 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 consgion 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-eagtarh 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 inudaduring 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 grasslangtmittently-inundated grassland and rainwater
seepage pans) and all dryland categories (i.e. lpddsavanna, grassland and forbland). Vundumtiki
was dominated bycacia-Combretunwoodland, established galleries of riverine farelsy Mopane
woodland and.onchocarpus nelssandveld, while Mombo was dominated Adgacia tortilis sandveld
towards the interior of Chief's Island with riveeinforest andAcacia-Combretumwoodland

communities dominating treelines along the floot@a 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 flowsaim@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 apprtedyna3500 (MacCarthgt 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 chdGuoetbrichtet al 2001).

This patchwork mosaic of habitat types provides for tHe digersity of plant, mammal, reptile,
amphibian and bird species represented within the syst&n.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% amiphibian 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 surfdae 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, msamigl) 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 tf@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 sacpmachd 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 eate-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 incretsessalinity of the groundwater beneath
islands, inducing the precipitation of calcite and silicathe surface. More soluble salts, such as
sodium bicarbonate, become extremely concentrated in thedwater (McCarthet 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 salsaustbarren (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 pRmognix
reclinata and Hyphaene petersiandegin to dominate as the centre of the island becomes amal
more barren due to the precipitation of salts and niceedased salinities in the groundwater. These
salinities increase until the palms begin to lose cayditit which point the channels should be ready to
switch due to sedimentation. Upon switching these satilEmds 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 chasui®iserged 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 periothwd tay 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 corymbosasid Oryza longistaminata Short
grasslands of Eragrostis inamoena dominate areas fldod#éue 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 sycamoryigelia africang Ficus thonningii andPhoenix
reclinata Further inland this community gives way laterally t@ideous woodlands dominated by
species such ascacia nigrescen®erchemia discolgrCombretum imberhe&roton megalobotrysand
Lonchocarpus capassadlypaene petersianaccurs in the saline interior of these wooded island fange

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

The mainland and sandveld areas are dominated by savanna woedtandgenerally
homogenougolophospermum moparma the heavy textured soils aAdacia eriolobadominating on
the sandy soils in these areas. These areas arelyed@pendent on seasonal rainfall. The Meyer’s
Parrot is restricted to the islands, mainland and sadéreks, feeding seasonally Eious verruculosa

andPhoenix reclinataadjacent to the main channels.

Timing and logistical difficulties

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

Botswana was invaluable in getting supplies in and out afethearch camp.
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Fieldwork was conducted between January 2004 and July 2007, #imenth 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 regimeraintiki 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 associatiorepigZh3), 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 romubsécts 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 liteth¢ure has
been done on the habitat associations of African parr@sirffet al. 2000). Habitat loss in forest
communities has been identified as a primary factor tinésg 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 4vmaillion hectares of forest every year (UNEP
2008). Recognizing this potential threat, this study teftedmpact 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 Purpketeéd 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 dispgsatsaon 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; Wirmingheuus
al. 2001; Boussekegt al. 2002; Symes and Perrin 2003; Taylor and Perrin 2004). Bimpdiald also
been reported in the daily activity patterns of Neotroppeatots (Snydeet al. 1987; Lindseyet al.
1991; Pittier and Christianson 1995; Cassagrande and BeissingerPi#®&nd Siméao 1997; Gilardi
and Munn 1998; Salinas-Melgoza and Renton 2005; Masiedib 2006), Australasian parrots (Marsden
1999; Marsden and Fielding 1999; Robieetal. 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, dueethigh protein
and energy content of their food resources, feeditigitgan the morning was likely sufficient
to support the daily dietary requirements of Grey-hddel@rots and Brown-headed Parrots. |
tested the hypothesis that Meyer’s Parrots are notreamesti 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 membé&eship
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), acdlscohesion and
information-sharing (Stutchbury and Morton 2001). Similar he Cape Parrot (Skead 1964,
Wirminghauset al. 2001), Yellow-faced Parrot (Boussekely 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 19%8sy@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 (Earpus 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 meaihdresind group dynamics in
Poicephalugarrots is likely intra-specific association, wherdlogking is a function of the aggregation
and dispersal of pair sub-units governed by food resourceabii?yh. Brown-headed Parrot pairs
showed no special affiliation to other members of theigr@except 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 flockésbetween 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 asynchiorBoicephalusparrots. Hypotheses
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tested included: Brood Reduction hypothesis (Ricklefs 1965; Mi&®4); Energetic Constraints
Hypothesis (Slagsvold 1986); Limited Breeding Opportunity Hyesis (Beissinger and Waltman
1991; Beissinger 1996); Egg Protection Hypothesis (Bolliegjel. 1990; Bollinger and Gavin 2004);
and Brood Parasitism Hypothesis (Lombaetal. 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 Bherobustussuperspecies complex includes nest tree

specialists.

Presentation of thesis

This thesis was presented as a collection of papers dreltavioural ecology of Meyer’s Parrot in the
Okavango Delta. Papers were presented in the formaireel of each journal, however, the tables and
figures were embedded in the text. Notification of revastus 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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