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ABSTRACT

The parrot family (Psittacida& one of the moshtelligent, colourful and easily
recognisable of the large bird famili@hey are also one of the mastdangerediue

to habitat lossintroduction of exotic species and diseases; persecution; hunting and
the pet tradeln South America parrots are regularly recorded consuming soil. The
reasons for this behaviour have beemsane for debate over the last decade as
benefits extend to both the adsorption of dietary toxins and the supplementation of
nutrients, most notably sodium.

This study focuses on the species rich parrot assemblage of southeastern Peru,
one of the most iact remaining areas of Amazon forest, but one which faces major
threats due to mining and the paving of a major road through the area which will most
likely be associated with an increase in deforestation rates. Tourism has been
recognised as an importgmtentially sustainable economic activity. Claylicks are a
major tourist attraction for the area but boats passing riverside sites visited by parrots
are a potential source of disturbance.

In this study, a mapping exercise of the extent of claylick oenag across
South America showed that claylick density and associated species richness were
highest in the western lowland Amazon forests and on younger geological formations.
Since similar soils occur on the eastern side of the Amazon, this distribatids {o
sodium being the underlying cause for geophagy as sodium deposition decreases from
east to west.

In southeastern Peru, parrot species richness at claylicks also increased
westwards. Temporal seasonal patterns for most species were correlated at f
claylicks, with the exception of species associated with successional forest types.
Daily feeding patterns were strongly correlated among claylicks for individual
species. Variation in diurnal feeding may be linked to predator evasion strategies. On
adaily basis, 1% of the total population within a 10km radius of a claylick visit the
claylick. This level was higher for species associated with successional forests.

A technique is introduced to correct for the Distance sampling assumption that
all birdson the line of the transect are detected with certainty (g(0) = 1), whereby
correction factors are calculated from vocalisation rates. This technique will improve
density estimates for canopy bird surveys in tall forest environments. Density
estimates wer higher in floodplain forest comparedtierra-firme forests, and higher

in floodplain forests in the dry season compared to the wet season. A degree of this



may be explained by claylick proximity, but there was no difference overall in bird
densities a# site in close proximity to a claylick compared to a site further removed
from a claylick.

Instead, a phenological study conducted suggests that food availability,
especially in the form of flowering trees, may be higher in floodplain forest in the dry
season. A wide range of food items was recorded, but seeds, fruit and flower
predominated. There was evident niche partitioning among the parrot assemblage at
the dietary level. Daily claylick use was not correlated with any dietary metric
(dietary breadthproportion of seeds, rare items in diet, etc.) across the parrot
assemblage, but the proportion of parrots in the area using the claylick on a daily basis
was correlated for species scoring high on an index of successional forest preference.

Disturbanceof feeding activity at claylicks is a concern as the clay is
evidently important, especially during the breeding season. It is also in the interest of
tourist companies in the area to minimise disturbance in order to maximise viewing
opportunities for thie tourists. Boats approaching the claylick within 200m were
more likely to cause an asredatory response compared to boats travelling further
away, even though overall a large degree of tolerance or habituation was displayed by
the birds. Birds displagd avoidance behaviour when tourists observed a claylick
without a blind from less than 100m.

In the study area, many claylicks were faced with no or inadequate protection
from poor tourist practise, incidental human perturbation and direct persecution
through hunting. This study showed that a large claylick would solicit payments of up
to US$100,000 by tourist companies, who could capitalize on their investment by
charging entrance fees to other operators or tourists around US$25.00 a visit. As such,
estdlishing ecotourism concessions provide an economic solution to furthering the
protection of claylicks.

This study found little indirect evidence for the theory that clay is consumed
by parrots to mitigate dietary toxins, although it has previously b&tablshed that
this is a property of the clay. Large numbers of birds visiting clay on a daily basis is
instead better explained by the need to supplement sodium, which is found at low
concentrations in plants. Sodium is essential to cell functioningrielyrates, and is
the most likely reason for the spectacular avian displays along the riverbanks of

southeastern Peru.
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Chapter 1: Parrots and geophagy: an introduction to the status,
distribution, abundance and diet of the parrots of southeastern
Peru

1.1 Introduction

The parrot and macaw family (Psittacideedne of the most endangered large bird
families in the New WorldBennett and Owens, 1997, Collar, 1991Me
Psittaciformess one of nine bird orders that containgrsficantly more threatened
species than average and the Psittacidae is one of 15 extinction prone families according
to IUCN Red List datBaillie et al., 2004)Forty six(34%) of the parrot species in
South Americare at risk of global extinction due habitatloss, fragmentation or
degradation; introduction of exotic species and diseases; persecution; hunting and the
pet tradgSnyder et al., 2000Theyare important flagship species for conservation
efforts in Latin AmericgSnyder et al., 2000, Hias et al., 2005)

Neotropical parrots are distributed from the UniBtates and northern Mexico
to Tierra del Fuego at the southernmost tip of South America, and from over 4000m in
the high Andes to the lowland forests of Amazdnitege and Long, 1995Neotropical
parrots live in many different ecological settings and have evolved different life history
traits (Juniper and Parr, 19983ome species are ecologically flexible and have become
established outside their natural ranges, for example the FamakeeMyiopsitta
monachugBuhrmanDeever et al., 2007Pther species are restricted to specific
habitats; for exampl e MaoagAnodorhynahus&dril y end:
(Nogueira et al., 2006, Yamashita, 19878t very little is known of theiecology,
nesting habits or diets; possibly a consequence of the bias to studies conducted in
temperate zones (Bibby et al., 1998). The Neotropical parrot family also appears to
engage extensively in avian geophagy as seen in popular articles such a4 884nNn
Yet the first journal publication mentioning geophagy in a Neotropical parrot, according
to Web of Knowledgéhttp://www.isiwebofknowledge.comjs Emmons and Stark
(1979) and only eleven publications contain both the word parrot and geophagy.

This thesis aims to further our understanding of the parrot family and their habit
of geophagy by concentrating on a pamnioh community in southeastern Peru, an area
also well known for its parrot claylicks. In this chapter I will give a general backdroun

to our body of knowledge on the parrot family from a Neotropical perspective; and give



a broad introduction to our current state of knowledge on the field of geophagy, with

particular reference to avian and parrot geophagy.

1.2 Threats to Neotropical parrots

Nineteenparrotspeciesare recorded as extinct by Birdlife (2009), including two
Amazonaspecies and fivAraspecies S pMacawCyanopsitta spixinow exists

only in captivity(Juniper, 2003)Population declines of parrots today are mostlg th
anthropogenic activities. Threats vary geographically, temporally, and with the specific
characteristics of the species involved: introduced predators and competitors have been
a major threat primarily for parrot populations on oceanic islands; lyufatirfood is a
principal threat for relatively large species; and trade has been extremely damaging for
many highly charismatic or colourful spec{@hnyder et al., 2000)

Tropical parrots, like many tropical species, face continued loss of habitat
through destruction of tropical forestBeFries et al., 2002jhe consequences of which
can be seen in the rapid avifaunal collapse alon@dimazonian deforestation frontier
(Lees and Peres, 200®)f the 95parrotspecies considered to be in danger oinetion
in a reviewby Snyder et al. (2000), habitat destruction and fragmentatsrbelieved
to threaten 78, while trade endarep36 species.

The loss of keystone nesting trees through selective logging and the
unsustainable harvesting of witéhirros aredirect thread due to the loss of current
generationgBrightsmith, 2005b). Theglso have consequences on reproductive success
as birds are forced to nest in suboptimal nesting sites more accessible to predators
(Koenig, 2001) The recent increaséddrvest oDipteryx panamensig Costa Rica is
the most probable cause for the decline of GBaenMacawsAra ambiguan that
country(Bjork and Powell, 1995, Chassot and Monge, 20@2mmercial timber
harvesting appears t@mveaffeciednest site aviéability for Thick-billed Parrot
Rhynchopsitta pachyrhynchy leaving few snags and trees large enough for parrots to
nest in(MonterrubicRico and EnkerlirHoeflich, 2004) Most parrots are cavity nesters
that require large secondary cavities. A shatafysuitable nesting sites could lead to
increased competitiasulting in arincrease in infanticidandegg destruction
(Beissinger et al., 1998Intraspecific interference competition of nesting macaws may
exclude potential breeders from investiggtoavities, effectively limiting nest

availability where nest sites are clumped in distribu{®enton, 2004)



Continued oveharvesting for the pet tradess, and may still bea widespread
and biologically significant source of nest mortality in Neoitapparrot§Wright et
al., 2001) This is the case for many Neotropical species, for example, Y-akaged
ParrotAmaz ona or at r i XEisérrganra 20@3na Yekowleadsdearrot
Amazona or at r (Rodrigupz@astdlanaadnEbdarhard0P6).

Unsustainable harvest chicks for the pet tradeas had severe imga on populations

of Blue-andyellow MacawAra ararauna,ScarletMacawAra macacand Orange
wingedParrotsAmazona amazonida northern PergGonzalez, 2003)The highest

daily incomes of communities in that area between 1994 and 1997 came from the
extraction of ornamental fishes, turtle eggs and young macaws and parrots (B&$ 10
per day), so unsustainable harvesiwvagsan attractive source of income compared to
agriculture andlay labour that resulted in an average daily earningp @b $5 (Kvist et

al., 2001)

Peres (2000) estimates that between 65,000 and 159,000 individual#\od the
genus, and 121,000 and 297,000 individuals belongiAgnazonagenus aréunted
andconsumed by lowincome rural population of Brazilian Amazonia per year.
Increased hunting pressure is often associated with road building and logging operations
which greatly facilitate access to large, previously inaccessible forest areas and create
opportunites for commercial huntinFimbel et al., 2001)Mean flock size of macaws
and parrots in a Neotropical forese higher imonthunted siteshan hunted sitess
areencounterates (Thiollay, 2005)Some species are persecuted directly as crop or
invasve pestgShelgren et al., 1975, Butler, 2003, Warburton and Perrin, 2005, Cockle
et al., 2007) The persecution of the BlweingedMacawPrimolius maracandas
resulted in its near extermination in Argent{@drati et al., 2006)Whether or not
they ae preferredargets for huntersr killed opportunistically, macaws and parrots are
long-lived with generally low reproductive ratéBhese areemographic traits that

make populations vulnerable when subject to increased mo(tdiiphy et al., 2003)

1.3 Conservation problems and opportunities

Despite the pessimistic outlook for the parrot family on many froptsservatn
action can help (de L. Brooke et al., 2008). Poachisgysficantly lower at protected
sites(Wright et al., 2001, Pain el. 22006). Ppulations of species that have been

classified ashreatened can recover, as seen in Indonesia with &itasted Cockatoo



Cacatua sulphureafter a 10 year ban in international trg@ahill et al., 2006)and in
Costa Rica where populationgScarletMacawAra macaancreased and now sustain
themselves after collaborative conservation by local stakehdqMaughan et al.,
2005)

The ecotourism industry has also played its part in parrot conservation by
providing alternative forms of emplment, as well as education opportuniijg&inn,
1992) The authorities of the Windward Islands haeeognisedhat sound
environmental management measures can complement rather than hinder national
sociceconomic goals and objectivessulting in thedewelopment oflinks between
parrotconservation and other sectors of the econf@hyistian et al., 1996Fuitable
conservation strategies incorporating techniques ranging from reintroduction to
community participation and education have saved some spédadabe Puerto Rican
ParrotAmazona vittatafrom certain extinctiofSnyder et al., 1987With some models
projecting the extinction of 6 14% of all bird species by 21{8ekercioglu et al.,
2004) such conservation measures are sorely neddedauire an understanding of
the biology, ecology and abundance of the target species

1.4 Breeding and Behaviour

Most parrotsiest in cavitiesn trees(Juniper and Parr, 1998) dliffs, e.g. Redfronted
MacawAra rubrogenygLanning, 1991)Sixteen Neotwpical parrot species also nest in
termitaria (termite mounds), but this number may increase as there is a dearth of
information on avian nesting ecology (SancMertinez and Renton, 20Q9)
Competition for nest sites and predation pressure may have éavawhift from

nesting in tree cavities to the exploitation of alternative substrates such as termite
mounds for nesting (Brightsmith, 2005&he reliance of parrots on large hollows for
nesting makes them vulnerable to any reduction in this res(@eogeron, 2006)

In southeastern Peru the community of parrots show a wide range of nest use;
with Amazonian Parrotldflannopsittaca dachilleasing Bromeliads (O'Neill et al.,
1991),Brotogerisspp. using termitaria (Brightsmith, 2000), and the majoritthefrest
for which nesting sites are known (there are still no official recorded nesting sites for
Black-capped Parake®yrrhura rupicolaand Blueheaded Macawrimolius coulon)

using natural tree cavities (Brightsmith, 2004b). Further resource pangics

observed in the | arger mac awanggreen Matawt h e



Ara chloropterusmonopolising large cavities Dipteryx micranthaslightly smaller
Scarlet MacawAra macaaousing cavities in a wider variety of trees; and theend
yellow MacawAra araraunanesting almost exclusively in dead Aguaje paMairitia
flexuosa(Renton and Brightsmith, 20Q9)

Many parrots species tend to be monoganidasello et al., 2002) and are
altricial, born with sparse down and therefore ligtdependent on their parents for
temperature regulation and for fo@huniper and Parr, 1998)he female usuallgroods
the chicks and is often dependent on the male feeding her at tl{€aydst and Perrin,
2004) There is also little sexual dimorghn between sexes, as is typical for many
monogamous birds that form life long pair boil@dadersson, 1994 Although the
predominant colour in parrots is green, some have striking brightarotenoid,
feather pigments unique to the fam{Btradi et al.2001) anctan indicate the quality
and condition of individual@Masello et al., 2004)

Parrots are social birds, often forming large groups that roost together in
monospecific or mixed flock§Harms and Eberhard, 200®arrot flock size depends
on speies(Whitney, 1996) seasorfMatuzak and Brightsmith, 2007, Wermundsen,
1999) and time of dayPizo and Simao, 1997, Wermundsen, 1999, Chapman et al.,
1989) For Australian species, Brereton (1971) hypothesised that aridity was positively
associated witflocking and this has been postulated asekglaration forlarge flock
sizes of BurrowindParros Cyanoliseus patagonuis PatagonigMasello et al., 2006)
Westcott and Cockburn (1988) suggested that predation is a more significant predictor
of socialty in parrots. Wermundsen (1999) suggests that the Pacific Pafakéaga
stenuagroups are larger in the dry season than in the rainy season to find food more
efficiently as well as to better escape predation.

1.5 Parrot diet

For the most part parrspeciesonsumeseeds and are considered important seed
predatorgFrancisco et al., 2008, Renton, 2006, Galetti, 1992, Gilardi, 1996, Trivedi et
al., 2004, Higgins, 1979, Janzen, 1981, Coatesestrada et al., 3668} are the most
nutritious part oimast plantsoeing high in protein, minerals, and ligidontent(Gilardi,
1996) Several species of parrot have been recotdadumingeconomically important
crops from Brazil nut8erthalletia excelsqTrivedi et al., 2004)o maize(Romera
Balderas et al2006)



Most parrots are frugivorous to some exté@aletti, 1997) butmostspecies are
able to exploit a wide range of food resour@esludingflowers and nectaiRaguse
Netto, 2006, Cotton, 200linsect larvae in gallgviartuscelli, 1994, Renton 0P6),
termites alateéSazima, 1989)eavedqKristosch and Marcondddachado, 2001,

Greene, 1999keedgRoth 1984, Sick 1997, Nemeth and Vaughan 2004, Renton,2006)
and carrionGreene, 1999)

Nectar has been assumed to be a usefeitgysubstitute win fruit is scarce
(Terborgh, 1986). IBwers and nectar provide a rich food resource during prolonged dry
season$or parakeet#n the PantanaBrazil (Ragusdletto and Fecchio, 2006)here
are a few records of pollination by parrots in the Neotrofhtaues and Venturieri,

1996,RagusalNetto, 2002), but generalfgeding of flowers has been recorded to be

destructive and may even be a reason for mass flowering events as plant species attempt

to mitigate damage by flower predatRagusaNetto, 2005)
Many parrots are generalist in theietiand many have proven to be adaptable
In Trinidad the fragmentation of tiauritia palm swamps that provide food for Red
bellied Macaws Ara manilataand OrangavingedParros Amazona amazonidaas
resulted in themuirning to agricultural crop@Bonadie and Bacon, 200@everal
species of parrot have been recorded feeding on introduced plant species, including
Yellow-shouldered Parro®mazona barbadenstd Blanquillo, Venezuela (Rodriguez
Ferraro and Sanz, 2007)caBcarlet MacawAra macagVaughan et al., 2006).
However, not all species are so adaptaltte seriousdecline of the Great Green
MacawAra ambiguan western Ecuador has been attributegtoong other pressures
food scarcity(Berg et al., 2007)Deendence on a selective diet makes wild populations
vulnerable to changes in food resource availability. Habitat loss may have been the
principal factor i n t he Cayptarhymciusfunereust h e
latirostisd ue t o t h e itydsomeapttoehadgesiinfamdresbur(eaunders,
1990). Inadequate nutritidmas been implicated in poor health and suboptimal
reproduction in some parrot spec{dtcDonald, 2003pndparrotpopulations subject to
stress may also be more prone to cealks of latent parasit¢Beem et al., 2005)
Generally, the parrot family display a wide dietary widbarletMacaws Ara
macaohave been reported to consume 52 food species in the Amazonian rainforest of
Peru(Gilardi, 1996) Adult ScarletMacaws Ara macaoobserved over a five month
period in Costa Rica were recorded feeding on 15 plant species from 12 families, with

seeds forming 76% of the digenton, 2006)A longer term study o$carletMacaws
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Ara macaadn Costa Ricaecordedeedng eventn seds, fruits, leaves, flowers and
bark of 43 plant species including exotic species introduced as(&Mapghan et al.,
2006, Marineros and Vaughan, 1995)

Low variety in nestling diets is reported for LitacownedParros Amazona
finschi(Renton, 1998)RedcrownedParros Amazona viridigenaligh Mexico
(EnkerlinrHoeflich and Hogan, 1997) and Scarlet Mac&was macadRenton, 2006)

The high protein requirement for nestling growth may oblige parent birds to select
nutrientrich resources for the yourfglasing, 1998, Renton, 2006lhe role of twigs

and bark in all the diets of the species mentioned above, remains to be clarified
especially in the light of the fact that few foraging events of these materials has been
recorded for adultéRenton, 2006)

Several importanstudies looking at diet arghrrotecologyin Peruhave been
resticted to specific seasons (e@jlardi 1996) and there is no clear picture on how diet
changes through seasons in response to different food source availability even though
the availability of food resources may strongly influence parrot local patterns of
abundance. Changes in local abundance patterns of parrots can be triggered by seasonal
availability offood resources within habitat mosa{8agusaNetto, 2007) Seasonal
fruiting evens in the Cerrado, Brazitorresponded to a significant increasd@hfe-

andyellow Macaws Ara araraunato the aregRagusalNetto, 2006)

1.6 Scales of parrot movements

Changes iocal frugivorous and granivorous bird populations havenbeecorded in

the tropics in response to changes in rainfall and associated resource avdikaoitity
1976) Parrotsforagemostlyin the canopy and may periodically experience food
shortage due to the seasonal flowering and fruiting patterns irotbit fayer,
especially in more seasonal fored@amirez, 2002)resulting in movements to areas of
more favourable food availabilif|Roth, 1984, Renton, 20013easonal movements of
macaws observed in other studjeg). Renton, 2002, Karubian et aD0B)may also be
a result of such resource tracking. Parrots are well known for their movements not only
in relation to their search for food resources, but also for movements from roosts to
foraging areagMasello et al., 2006, Berg and Angel, 2006, Cthagid Marsden,

2004)



The extent of parrot movements vary from a few kilometres for some species
(Ndithia and Perrin, 2008 hundreds of kilometres in the case of Mdzdyrots
Amazona farinosaf northern Guatemal@jork, 2004) Data from a radidelemetry
study of nesting GregjreenMacaws Ara ambiguan Costa Rica revealed that some
individuals migrate at least 1%Mn north intosoutheasterilicaragua during the nen
breeding seasa(iBjork and Powell, 1995)Radiccollars on Hgacinth Macaws
Anodorhyichus hyacinthinushow that juveniledisperseup to 35km after fledging
(Seixas et al., 2002)n Australia, the locally nomadic RainbdverikeetTrichoglossus
haemotoduss able to travel over 10Km in a day(Schodde and Tidemann, 1986)
Yellow-lored ParrotAmazona xantholorhas been recorded making daily crossings of
the 20km wide channel between the Yucatan mainland and Cozumel Island to feed
(Griscom, 1926)Distances between Caribbean islands upwards kfb8ppear to be
enough taestrictinter-island migration and has resulted in several of these islands
having unique specieéltitudinal migration has been suggested for several species
including the Bluebellied ParrotTriclaria malachitacedrom eastern Braz{Whitney,
1996) Blue-wingedParrotlet Forpus crassirostri®f the Atlantic forest of Brazil
(Galetti, 1997)and TucumarParrotAmazona tucumana subtropical montane forests
of Argentina and BolivigPoliti and Rivera, 2005Altitudinal migration is a clear
example of movement betwesssources available at different times over a relatively
short distance. It is suspected that similar movements may be occurring over larger
distances between resources in lowland Amazon forests that have yet to be understood
(Renton, 2002).

1.7 Estimating parrot abundance

Local movements and migrations make the task of estimatiagabundance difficult.
This is especially the case in the tropics where until recently index based counts have
been the method of choi¢aletti, 1997) and there averyfew comparable abundance
estimates across the regiétitow common are parrots generally and what they
contribute to the avian biomass of tropical forests has not been quantified (Snyder et al.,
2000). There is also little information on the ecological l#edistory factors which
determine why some species are rare and some common (Walker, 2006).

Where possible for isolated roosting species, roost counts can produce estimates

of abundance and recruitment (Rodrigltezraro and Sanz, 2007, Berg and Angel,



2006, Matuzak and Brightsmith, 2007), but these studies assume that the main roosts
have been identified and that most of the population uses them. Roost counting has not
yet proved to be feasible for providing population estimates for parrot speciesafrom
forested regions of the Amazdviore recently, distance based sampliBgckland et
al., 2001)has become more popularesdenced bygeveral publications over the last
decadde.g. Marsden et al., 200Marsden and Whiffin, 2003, Evans et al., 2005
Marsden et al., 2@). Abundance estimates have now been produced for some parrot
species across the globe using these metltauix et al., 1999Walker and Cabhill,
2000).However, there are limitations, and for many rare species insufficient encounters
are obtained tallow precise abundance estimat{®darsden, 1999nd so only a few
studies have produced density estesdor Neotropical parro{see Guix et al., 1999
Lloyd, 2004, RivereMilan et al., 200p

Population estimates have yet to be picat formostparrot specieffom
southeastern Peru (Table 1.Egwavianstudies have the financial support or time in
order to engage in the lotgrm studies necessary to account for seasonal changes in
movement that can result in parts of a speciegaafor instance around geophagy sites
or claylicks (Brightsmith et al., 2008, Brightsmith, 2008)

1.8 Geophagy

The consumption of soil or geophagy by a series offraxa butterflies to elephants

has been well documented throughout the wakishes ad Hanson, 1985, Klaus and
Schmid, 1998, Wiley and Katz, 199&nimals deficient in nutrients seek out new

foods if it corrects a nutritional deficit or imbalance (Provenza and Villalba, 2006).

Sois differ greatly in their chemical properties and physstaictureso consumption of

soils is highly selective often causing animals to congregate where the best soils are
exposedDiamond et al., 1999, Houston et al., 20Q1y).to 35 species of birds and 12
species of mammals gather in large numket900 taal individuals)to eat soil at

claylicks in southeastern Pefmmons and Stark, 1979, Brightsmith, 2004gart

from Psittacidae, othavian families which engage in geophaggludeColumbidae
(Pigeons) and Cracidae (Guans, Curassows and Chachalastis)g licks is

associated with costs for the animal such as energy needed to get to the site (Wiles and
Weeks, 1986), increased exposure to diseases due to increased contact among animals

and their faeces (Gilardi et al., 1995), as well as increaslkedfrpredation and



poaching Hebert and Cowan, 197KJaus and Schmid, 1998). The benefits from
visiting licks must outweigh these costs (Kreulen, 1985).

Fromin vitro experiments on captivdmazongarrots,Gilardi et al (1999)
showed that soils fronegular avian geophagy sites from Peéidinot account for many
of the reasons that explain geophagy for other taxa. Specifically the smlaote

(1) useful mechanical aids for grinding fo@rdany bird species swallow
pebbles or very coarse soil (>0.8twith which to grind ingested food in the gizzard
(Best and Gionfriddo, 1991, Gionfriddo and Best, 1995))

(2) ingested by individuals suffering from diarrhddarrhoea can be reduced
by the soil mineral smectite (Mahaney et al., 1999))

(3) significant sources of minerafsoil contains a wide array of minerals (Mills
and Milewski, 2007), but with the exception of sodium these tend to be higher in the
natural diets othe wild parrots of Peru (Gilardi, 1996))

(4) gastric pHouffers (the rumen of doestic livestock can become acidic on a
plant diet low in fibre which alkaline soils can neutralize (Jones and Hanson, 1985). pH
may be a reason, along wihlt and trace elemestipplementatiomfrican Olive
PigeonColumba arquatrixxonsume soil (Down£006)).

Gilardi et al (1999) concluded thaitdsorption oflietarytoxinswas the primary
reason for geophadyr parrots apositively charged alkaloidsoundto the negatively
charged clay particles preventing them from passing from the digestivertratke
bloodstrean{Gilardi et al., 1999)Plants are protected by a broad array of chemical
feeding deterrents including alkaloifddcKey, 1974) The consumption of soil by
parrots may be a step in the evolutionary arms race between plants, whicleproduc
toxins to protect their seeds, and animals, such as parrots, which wish to consume them
(Diamond et al., 1999).

Sodium (Na) is the most common explanation for geophagy (Weeks Jr and
Kirkpatrick, 1976 Tracy and McNaughton, 1995, Holdo et al., 2002, igsmith and
MunozNajar, 2004, Ayotte et al., 20P6Df the elements required for life Na is unique,
as most terrestrial plants have little need of Na (Marschner, 1995), while herbivores and
decomposers need to amass Na in concentrationgdl@MO0fold over the plants they
consume (National Research Council, 20@®dium is a key component of virtually
every mammalian physiological functiems the major electrolyte of the extracellular
fluid Naplays a fundamental role in maintaining the volume amdposition of every

fluid compartment in the bodypanielsa and Fluharty, 20Q04h animals, costly Na
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pumps maintain gradients of cell concentration and membrane voltage, while in plants,
potassium, not Na, performs this function (Taiz and Zeiger, 1988).biogeochemical
disconnect between plants and those that eat them suggests that consumers, but not
plants, should suffer when Na inputs to ecosystems decline to thresholds where cell
function becomes impaired.

In tropical rainforests extensive rairlfafomotes leaching (Vitousek and
Sanford, 1986), and the Na content of that rainfall decreases exponentially as one
travels inland from sources of oceanic aerosols (Stallard and Edmond, 1981, National
Atmospheric Deposition Program, 2006). This declinaarosol deposition has
consequences for ecosystem levelBlafcoastal forests in Panama have higher
concentrations of Na than the Peruvian Amazon both in freshwater streams and rivers
(Kaspari and Yanoviak, 2009) and ants prefer salt baits to swet\hidatincreasing
distance from coastal influences (Kaspari et al., 2008). Consistent with the hypothesis of
Na limitation (Seastedt and Crossley, 1981), leaf litter decomposition rates and the
abundance of decomposers and their predators, increase WtheXdization in an
inland Amazon forest (Kaspari et al., 2009).

There is no published information on the distribution of claylicks from any part
of the world, at any scale, despite being visual spectacles that attract much attention.
The phenomenon dfundreds of parrots visiting claylicks in western Amazon has
generated interest in bidatching literature, especially for Peru and Ecuador (e.g.
Wheatley 1995, Clements and Shany 2001, Ridgely and Greenfield 2001, Valqui 2004),
and mentioned for Dusklyeaded Parakeefgatinga weldellii in Colombia (Hilty and
Brown, 1986). It is not reported from similar tropical countries to the north such as
Venezuela or Surinamélaverschmidt et al., 199#ilty, 2003). There are also no
reports of geophagy in parrspecies accounts from Argentina (Narosky and Yzurieta,
1989), Paraguay (Hayes, 1995) or Chile (Jaramillo et al., 2003). Nearly all published
records of parrot geophagy in South America originate from study sites in Peru
(Emmons and Stark, 1979, O'Neilladt, 1991 Munn, 1992, Munn, 1994, Gilardi et al.,
1999,Burger and Gochfeld, 2003, Montenegro, 20Bdghtsmith, 2004a, Brightsmith
and Aramburu MunoNajar, 2004 with the exception of one site in Bolivia (Mee et al.,
2005), one site in eastern Ecuafuffie, 2003), and one site in central Amazonia
Brazil (Roth, 1984).
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1.9 Parrots and claylicks in southeastern Peru

Peru has an incredible diversity of bird species, with 101 endemics amongst the 1,792
total species (Schulenberg et al., 2007). Thikighes including 52 parrot species, ten of
which appear on the | UCNOG6s Red List of TI
occurring in the southeastern department of Madre de Dios are listed in Table 1.1. Focal
studies for this dissertation are locatedhe district of Tambopata, in the department of
Madre de Dios, in southeastern Peru. The Tambopata forms part of the Endemic Bird
Ar e aSo6tiBeasbPeruvian lowlands ( St at t er s fThedoredtin¢this al . |,
region is humid lowlandbrest, canprisingthe floristically diverse tall, irregularly
inundated floodplain and riverine forest and lges diverse interpluvidierra-firme
forest(Puhakka et al., 1992). The Tambopata also falls between the Important Bird
Areas of Manu, probably the magiecies rich protected area on the planet in terms of
bird species (925 registered species), and Pampas del Heath (BirdLife International,
2007).

The integrity of the environment in southeastern Peru is under various specific
threatsOver 7,000 parrotBom 31 different species were traded in a single market in
central Bolivia in a one year period with confirmed Peruvian contacts, and this level of
trade is also suspected for Peru (Herrera and Hennessey, 200l¢k€lanovide
hunters with easy wait drshoot opportunities requiring little effort compared to
roaming hunting strategi€Montenegro, 2004)Riversideclaylicks are alsaunder
threat from smalkcale gold mining, where gold miners actively erode river banks,
resulting in mercury contaminaticand widespread siltation of South American streams
(Mol and Ouboter, 2003)

Parrots in southeastern Peru face threats from hunting and the timber industry.
The twokeystone tree species used by negpeagots in lowland Amazonia in Peru:
Dipteryx micantha(Fabaceae) andauritia flexuosa(Arecaceaeare increasingly
logged throughout their range as they are in high demand for hardwood flooring
(Toledo and Rincon, 1999, Wood Flooring International, 2083) the wood is also
used to make charco@rightsmith, 2005b)Mauritia flexuosaare threatened because
local people commonly cut entire trees to harvest weevil ld&Rbhg@chophorus
palmarumand fruit(Peters et al., 1989, Vasquez and Gentry, 1988)od source
availability and nesting sites becencompromised, then this will have a detrimental

impact on parrot populations and the claylick phenomedanting, mining, timber
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extraction and largecale agriculture are all expected to increase due to improved
infrastructure through the region resunfifrom the completion of a highway connecting
Brazil to the coastal ports of Peru (Dourojeanni, 2006). This highway may also facilitate
growth in more sustainable economic industries such as Brazil nut extraction and
ecotourism.

The ecotourism industry @ne of the fastest gnong in the areafide C. Kirkby,
2009. While the ecotourism industry has suffered declines in the northern rainforest
areas of Peru, there has been steady increasing growth in southeastefiddidru (
Shany 2007. The added atiiction of predictable avian behaviour at geophagy sites
may have something to do with this growth asdlaglick spectacle is reliable and a
proven tourist attractio(Gnyder et al., 2000 he industry provides jobs, and in many
cases has changed loctltades towards parrots from being a source of food to now
being a resource that will satisfy the expectatiohtouristswho in turn are a main
source of income for many famili€3ohnson and Brightsmith, 2003)here is thus an
active interest in unastanding and conserving parrots and macaws as an integral part
of the new local economy. Despite a long history of interestaiylicks in the region
(Emmons and Stark, 1979, Munn, 1984ack of information on their distribution,
ecology and importande local animal populations has delayed the implementation of

management plans and hampered conservation efforts.



Table 1.1:Parrots of the Madre de Dios department in the southeastern Peruvian
Amazon. Data on body size was taken from Forshaw (2006le species names,

IUCN conservation status, population estimates and range sizes were obtained from
Datazone (BirdLife International, 2009). * represents species as listed by the SACC
(SACC, 2010) and Schulenberg (2007). For population estimate (Bayg est
individuals, Uk represents unknown i.e. there is no reliable estimate at this time. For
IUCN status LC = least concern, VU = vulnerable, NT = Near threatened.

Species Body IUCN Popest Range
size  status x10°  size
(cm) x10°
km?
Blue-andyellow MacawAra ararauna 86 LC Uk 7.7
Scarlet MacavAra macao 85 LC 20-50 6.7
Redandgreen MacawAra chloropterus 90 LC Uk 8.1
Military Macaw Ara militaris 70 VU 107 20 0.28
Chestnutfronted MacawAra severus 46 LC Uk 5.8
Redbellied MacawOrthopsittaca manilat 46 LC Uk 7.2
Blue-headed Macawrimolius couloni 41 VU 9.27 46 0.37
Redshouldered Macawiopsittaca nobilis 30 LC Uk 4.3
White-eyed Parakediratinga leucophthalma 32 LC Uk 8.5
Dusky-headed Parakeétratinga weddellii 28 LC Uk 2.3
Peachfronted PaakeetAratinga aurea 26 LC Uk 5.7
Black-capped Parake®yrrhura rupicola 25 LC Uk 0.55
Rosefronted Paraked®yrrhura roseifrons* 22 LC Uk 4
Painted Parake&tyrrhura picta
Cobaltwinged Paraked®rotogeris cyanoptera 18 LC Uk 2.6
Tui ParakeeBrotogeris sanctithomae 17 LC Uk 1.7
Amazonian Parrotldtlannopsittaca dachilleae 12 NT 10 0.13
Scarletshouldered Parrotl@touit huetii 16 LC Uk 1.8
Dusky-billed Parrotlet~orpus modestus 12 LC Uk 2.8
(sclateri*)
White-bellied ParroPionites leucogaster 23 LC Uk 3.6
Orangecheeked Parr@®yrilia barrabandi 25 LC Uk 3.5
Blue-headed Parrd®ionus menstruus 28 LC Uk 8.5
Orangewinged AmazorAmazona amazonica 31 LC Uk 7.4
Yellow-crowned AmazomMmazona 38 LC Uk 6.6
ochrocephala
Mealy AmazonAmazona farinsa 38 LC 50500 7.2
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1.10 Overall aim of the PhD

The overall aim of the PhD is tteterminghe extent of parrot geophagy in South
America and at the local scale in southeastern Peru; and examine patterns of claylick
use in relation to abundance, diatidhuman land use to ultimately enathle

development of effective and realisti@aylick management strategies.

| present my analgs and findings in the following chapters.

Chapter2.Parr ot <claylick distributienedbnh8opt
answer the question Owhyod?

Overview:Locations of parrot claylicks were obtained by a survey from across South
America and spatially analysed using the predictive modelling program Maxent. Parrot
species use was related to regional and locat@mviental variables. The implications

of the predicted distribution with respect to current theories driving the daily geophagy

phenomenon are discussed.

Chapter 3: Spatial and temporal patterns of geophagy across a community of parrots in
southeasirnPeru

Overview:Parrot claylick locations from a survey of the rivers of Madre de Dios
department in southeastern Peru were analysed to determine their spatial distribution in
relation to parrot species richness. Parrot claylick use at the temporal level was
monitored at five claylicks. The proportion of birds visiting claylicks was calculated and
the results discussed in terms of the need for geophagy across the local population.

Chapter 4: Parrot abundance: detectability and variability with claylick prot,

season and habitat type

Overview:Parrot abundance was calculated for each species in the parrot assemblage
using Distance sampling techniques. A survey of bird vocalizations was undertaken to
calculate correction factors for imprecise detection@lbe sampling line. Parrot

abundance is discussed in relation to season, habitat and claylick proximity.



Chapter 5: Habitat selection and dietary metrics in relation to claylick use for a parrot
community in southeastern Peru

Overview:Observations ofeeding parrots were conducted both through a formal
survey and from incidental encounters, and patterns of fruit availability were observed
from marked trees. Claylick use is discussed in relation to habitat specialization and

dietary metrics.

Chapter 6: Claylicks and people: conservation status and the impacts of tourism
Overview:Parrot claylick value was determined from a short survey of tourism

operators. Claylick distribution was mapped in relation to protected areas and the role of
ecotourism foextending the protected status of claylicks is discussed. The impacts of
boat and on foot tourism is determined, with mitigation strategies and claylick viewing

best practise proposed.

Chapter 7: Lessons learned and future paths.
Overview:Key points fromprevious chapters are discussed with additional reflections.

Gaps in our current state of knowledge of parrots and claylick use are discussed.

1.11 REFERENCES

ANDERSSON, M. (1994%exual selectiorRrinceton, NJ, Princeton University Press.

AYOTTE, J. B, PARKER, K. L., AROCENA, J. M. & GILLINGHAM, M. P. (2006)
Chemical composition of lick soils: Functions of soil ingestion by four ungulate
speciesJournal of Mammalogyg7, 878-888.

BAILLIE, J. E. M., HILTON-TAYLOR, C. & STUART, S. N. (Eds.) (2004004
IUCN Red List of Threatened Species. A Global Species AssedStardt,
Switzerland and Cambridge, UK, IUCN.

BEISSINGER, S. R., TYGIELSKI, S. & ELDERD, B. (1998) Social constraints on the
onset of incubation in a Neotropical parrot: a nestbox additiparerent.
Animal Behaviour55, 21-32.

BENNETT, P. M. & OWENS, I. P. F. (1997) Variation in extinction risk among birds:
chance or evolutionary predispositidafbceedings of the Royal Society of
London B.264, 401-408.

1€



BERG, K. S. & ANGEL, R. R. (2006) @&sonal roosts of Redred Amazons in
Ecuador provide information about population size and structatenal of
Field Ornithology,77, 95-103.

BERG, K. S., SOCOLA, J. & ANGEL, R. R. (2007) Great Green Macaws and the
annual cycle of their food plants irtiador.Journal of Field Ornithology78,
1-10.

BEST, L. B. & GIONFRIDDO, G. P. (1991) Characterization of grit use by cornfield
birds.Wilson Bulletin, 103 68i 82.

BIBBY, C., JONES, M. & MARSDEN, S. (1998ird Surveys, Expedition Field
Techniquesl.ondon Expedition Advisory Center, Royal Geographic Society.

BIRDLIFE INTERNATIONAL (2007) Species factsheets. Downloaded from
http://www.birdlife.orgon 15/7/2007

BIRDLIFE INTERNATIONAL (2009) Species factsheets. Downloaded from
http://www.birdlife.orgon 1577/2009

BJORK, R. (2004) Delineating Pattern and Process in Tropical Lowlands: Mealy Parrot
Migration Dynamics as a Guide for Regional Conservation Planning. Oregon
State University.

BJORK, R. & POWELL, G. V. N. (1995he Buf f
Costa Rican population, its lowland forest habitat and conservation. IN J.
ABRAMSON, B., SPEAR, L. & THOMSEN, J. B. (EdsThe large macaws:
their care, breeding and conservatidft. Bragg, Raintree Publications.

BODRATI, A., COCKLE, K., ARETA, J. .CAPUZZI, G. & FARINA, R. (2006) El
maracana lomo rojd’fimolius maracangen la Argentina: de plaga a la
extincion en 50 afnosEl Hornero,21, 37-43.

BONADIE, W. A. & BACON, P. R. (2000) Yearound utilization of fragmented palm
swamp forest by Rebelied Macaws Ara manilatg and Orangeavinged
Parrots Amazona amazonitan the Nariva Swamp (Trinidadgiological
Conservation95, 1-5.

BRERETON, J. L. (1971) Inteanimal control of spacéN ESSER, A. H. (Ed.)
Behaviour and Environment: the Use of &pay Animals and Mehlew York,
Plenum Press.

BRIGHTSMITH, D. J. (2000) Use of arboreal termitaria by nesting birds in the
Peruvian AmazornCondor,102 529-538.

17



BRIGHTSMITH, D. J. (2004a) Effects of weather on parrot geophagy in Tambopata,
Peru.Wilson Billetin, 116, 134-145.

BRIGHTSMITH, D. J. (2004b) Nest sites of termitarium nesting birds in Se Peru.
Ornitologia Neotropical 15, 319-330.

BRIGHTSMITH, D. J. (2005a) Competition, predation and nest niche shifts among
tropical cavity nesters: ecologicalidgnce.Journal of Avian Biology36, 74-83.

BRIGHTSMITH, D. J. (2005b) Parrot nesting in southeastern Peru: Seasonal patterns
and keystone tree®Vilson Bulletin, 117, 296-305.

BRIGHTSMITH, D. J. (2008) Rainforest Expeditions and Earthwatch as funding
partners for macaw (Ara spp.) research in southeastern @eritologia
Neotropical, 19 (Suppl.).

BRIGHTSMITH, D. J. & ARAMBURU MUNOZNAJAR, R. (2004) Avian geophagy
and soil characteristics in southeastern PRiatropica, 36, 534-543.

BRIGHTSMITH, D. J. &MUNOZ-NAJAR, R. A. (2004) Avian geophagy and soil
characteristics in southeastern P&iotropica, 36, 534-543.

BRIGHTSMITH, D. J., STRONZA, A. & HOLLE, K. (2008) Ecotourism, conservation
biology, and volunteer tourism: A mutually beneficial triumvir&mlogical
Conservation141, 28322842.

BUCKLAND, S. T., ANDERSON, D. R., BURNHAM, K. P., LAAKE, J. L.,
BORCHERS, D. L. & THOMAS, L. (2001ntroduction to Distance Sampling:
Estimating abundance of biological populatio@xford, UK, Oxford
University Ress.

BUHRMAN-DEEVER, S. C., RAPPAPORT, A. R. & BRADBURY, J. W. (2007)
Geographic variation in contact calls of feral North American populations of the
Monk ParakeetCONDOR,109, 389-398.

BURGER, J. & GOCHFELD, M. (2003) Parrot behaviour at a Rio MantujRday
lick: temporal patterns, associations, and antipredator respéwsas.
Ethologica,6, 23 - 34.

BUTLER, C. J. (2003) Population Biology of the Introduced Rasged Parakeet
Psittacula kramerin the UK.

Department of Zoology, Edward Grey Insté of Field OrnithologyOxford, University
of Oxford.

CAHILL, A. J., WALKER, J. S. & MARSDEN, S. J. (2006) Recovery within a

population of the Critically Endangered citrorested cockatoGacatua

18



sulphurea citrinocristatan Indonesia after 10 years ioternational trade
control.Oryx, 40, 161-167.

CAMERON, M. (2006) Nesting habitat of the glossy blacickatoo in central New
South WalesBiological Conservation]27, 402-410.

CHAPMAN, C. A., CHAPMAN, L. J. & LEFEBVRE, L. (1989) Variability in parrot
flock size: Possible functions of communal rooBke Condor91, 842-847.
CHASSOT, O. & MONGE, G. (2002) Great Green Macaw: flagship species of Costa

Rica.PsittaScen&3, 6-7.

CHRISTIAN, C. S., POTTS, T. D.,, BURNETT, G. W. & LACHER, T. E. (1996) Parrot
conservation and ecotourism in the Windward Isladdsrnal of Biogeography,
23, 387-393.

COATESESTRADA, R., ESTRADA, A. & MERITT, D. (1993) Foraging by parrots
(Amazona autumnali®n fruits ofStemmadenia donnemithii (Apocynaceae)
in the tropical rairforests of LosTuxtlas, Mexico.Journal of Tropical Ecology,
9,121-124.

COCKLE, K., CAPUZZI, G., BODRATI, A., CLAY, R., DEL CASTILLO, H.,
VELAZQUEZ, M., ARETA, J. |, FARINA, N. & FARINA, R. (2007)
Distribution, abundance, and conservation of vinacemazans Amazona
vinaceg in Argentina and Paraguajournal of Field Ornithology78, 21-39.

COLLAR, N. J. (1997) Family Psittacidae. IN HOYO, J. D., ELLIOTT, A. &
SARGATAL, J. (Eds.Handbook of the Birds of the WorBarcelona, Spain,
Lynx Edicions.

COTTON, P. A. (2001) The Behavior and interactions of birds visiEnghrina fusca
flowers in the Colombian AmazoBiotropica, 33, 662669.

COUGILL, S. & MARSDEN, S. J. (2004) Variability in roost size infAamazona
parrot: implications for roost monitognJournal of Field Ornithology75, 67-

73.

DANIELSA, D. & FLUHARTY, S. J. (2004) Salt appetite: a neurohormonal viewpoint.
Physiology and Behavio81, 319 337.

DE L. BROOKE, M., BUTCHART, S. H. M., GARNETT, S. T., CROWLEY, G. M.,
MANTILLA -BENIERS, N. B.& STATTERSFIELD, A. J. (2008) Rates of
Movement of Threatened Bird Species between IUCN Red List Categories and

toward ExtinctionConservation Biology22, 417-427.



DEEM, S. L., NOSS, A. J., CUELLAR, R. L. & KARESH, W. B. (2005) Health
evaluation of freeanging and captive Bluitonted Amazon parrot\fnazona
aestivg i n t he Gr aJdour@hobZoomand VBldife Bledicids,
598605.

DEFRIES, R. S., HOUGHTON, R. A., HANSEN, M. C., FIELD, C. B., SKOLE, D. &
TOWNSHEND, J. (2002) Carbon emissions from tropical deforestation and
regrowth based on satellite @pgations for the 1980s and 199B&AS 99,

14256 14261.

DIAMOND, J., BISHOP, K. D. & GILARDI, J. D. (1999) Geophagy in New Guinea
birds.lbis, 141, 181-193.

DOUROJEANNI, M. J. (2006) Estudio de caso sobre la carretera Interoceanica en la
amazonia sur déterd.Lima, Bank Information Center.

DOWNS, C. T. (2006) Geophagy in the African Olive Pig€mumba arquatrix
Ostrich,77, 40-44.

DUFFIE, C. V. (2003) Clay lick use by parrots in Eastern Ecuador: Factors affecting
daily abundance and distributidacological Society of America Annual
Meeting.

EISERMANN, K. (2003) Status and conservation of YeHogaded Parrckmazona
oratri x 606 gpothetAdamti toashos GuaténaBad Conservation
International13, 361 366.

EMMONS, L. H. & STARK, N. M. (B79) Elemental composition of a natural mineral
lick in AmazoniaBiotropica,11, 311-313.

ENKERLIN-HOEFLICH, E. C. & HOGAN, K. M. (1997) Redrowned Parrot
(Amazona viridigenalj)s IN POOLE, A. & F.GILL (Eds.)lhe birds of North
Short Communications 283vrica No. 292The Academy of Natural
Sciences, Phil adel phi a, PA, and the
Washington, DC.

EVANS, B. E. I, ASHLEY, J. & MARSDEN, S. J. (2005) Abundance, habitat use, and
movements of Bluavinged MacawsKrimolius maracangand other parrots in
and around an Atlantic Forest ReseM#lson Bulletin 117, 154-164.

FIMBEL, R. A., GRAJAL, A. & ROBINSON, J. G. (200The cutting edge:
conserving wildlife in logged tropical foredew York, Columbia University

Press.

2C



FRANCISCO, M R., LUNARDI, V. O., JR., P. R. G. & GALETTI, M. (2008) Factors
affecting seed predation &fiotheca gracilipegBombacaceae) by parakeets in
a cerrado fragmen#cta Oecologica33, 240-245.

GALETTI, M. (1992) Comparative Seed Predation on Pods by Barr®razil.
Biotropica, 24, 222-224.

GALETTI, M. (1997) Seasonal abundance and feeding ecology of parrots and parakeets
in a lowland Atlantic forest of BraziArarajuba,5, 115126.

GILARDI, J. D. (1996) Ecology of parrots in the Peruvian Amazon: Habge,
nutrition and geophagy. Davis, University of California.

GILARDI, J. D., DUFFEY, S. S., MUNN, C. A. & TELL, L. A. (1999) Biochemical
functions of geophagy in parrots: Detoxification of dietary toxins and
cytoprotective effectslournal of Chemical Eology,25, 897-922.

GILARDI, K. V. K., LOWENSTINE, L. J., GILARDI, J. D. & MUNN, C. A. (1995) A
survey for selected viral, chlamydial, and parasitic diseases in wild Busky
headed Parakeetaratinga weddell)j and Tui Parakeet8(otogeris
sanctithomagin PeruJournal of Wildlife Disease8]1, 523528.

GIONFRIDDO, J. P. & BEST, L. B. (1995) Grit Use by House Sparrows: Effects of
Diet and Grit SizeThe Condor97, 57-67.

GONZALEZ, J. A. (2003) Harvesting, local trade, and conservation of parrots in the
Northeastern Peruvian Amazdiological Conservationl 14, 437-446.

GREENE, T. C. (1999) Aspects of the ecology of Antipodes Island Parakeet
(Cyanoramphus unicoldand Reischek's Parake€t (hovaezelandiae
hochstettenon Antipodes Island, OctobeNovember 1995Notornis,46, 301-
310.

GRISCOM, L. (1926) The ornithological results of the MaS§minden Expedition to
Yucatan. Part 2, Chinchorro Bank and Cozumel Isl&nderican Museum
novitates 236.

GUIX, J. C., MARTIN, M. & MANOSA, S. (1999) Conservatistatus of parrot
populations in an Atlantic rainforest area of southeastern BBaaiiversity
and Conservatiors3, 10791088.

HARMS, K. E. & EBERHARD, J. R. (2003) Roosting behavior of the Bralnoated
ParakeeAratinga pertinaxand roost locationsrofour southern Caribbean
islands.Ornitologia Neotropical 14, 79i 89.

21



HARRIS, M. B., TOMAS, W., MOURAO, G., SILVA, C. J. D., GUIMARAES, E.,
SONODA, F. & FACHIM, E. (2005) Safeguarding the Pantanal Wetlands:
Threats and Conservation Initiativ€onservatn Biology,19, 714 720.

HAVERSCHMIDT, F. O., MEES, G. F., BARRUEL, P. & VAN NOORTWIJK, I.
(1994)Birds of SurinameRaramaribo, Vaco Uitgeversmaatschappij.

HAYES, F. E. (1995) Status, distribution, and biogeography of the birds of Paraguay.
Monographs irfield ornithology, no. 1. [Colorado Springs, Colo.], American
Birding Association.

HEBERT, D. & COWAN, I. M. (1971) Natural salt licks as a part of ecology of
mountain goatCanadian Journal of Zoolog#9, 605-610.

HERRERA, M. & HENNESSEY, B. (2007) Quatying the illegal parrot trade in
Santa Cruz de la Sierra, Bolivia, with emphasis on threatened syiinikes.
Conservation International, 7, 295-300.

HIGGINS, H. L. (1979) Intensity of Seed PredationByrosumum utildy Mealy
Parrots Amazona farings Biotropica, 11, 80.

HILTY, S. L. (2003)Birds of Venezueld,ondon, Christopher Helm.

HILTY, S. L. & BROWN, W. L. (1986)A Guide to the Birds of ColombiRrinceton,
New Jersey, Princeton University Press.

HOLDO, R. M., DUDLEY, J. P. & MCDOWELL, L. R. (20 Geophagy in the
African elephant in relation to availability of dietary sodiudlaurnal of
Mammalogy83, 652-664.

HOUSTON, D. C., GILARDI, J. D. & HALL, A. J. (2001) Soil consumption by
Elephants might help to minimize the toxic effects of plant sesynd
compounds in forest browsdlammal Review31, 249-254.

IUCN (2007) 2004 IUCN Red List of Threatened Species.

JANZEN, D. H. (1981Ficus ovalisseed predation by an Orangleinned parakeet
(Brotogeris jugulari$ in Costa RicaAuk,98, 841-844.

JARAMILLO, A., BURKE, P. & BEADLE, D. (2003Birds of Chile. Princeton field
guides,Princeton, N.J., Princeton University Press.

JOHNSON, A. & BRIGHTSMITH, D. (2003) Helping local people value their natural
treasuresPsittaScenel 5.

JONES, R. L. & HANSON, H. C(1985)Mineral licks, geophagy, and biogeochemistry

of North American ungulatedmes, lowa, lowa State University Press.

22



JUNIPER, T. (20035 pi x6s Macaw: the race Londons ave
Fourth Estate.

JUNIPER, T. & PARR, M. (1998parrots: A Guide to Parrots of the Worldew
Haven, Connecticut, Yale University Press.

KARR, J. R. (1976) Seasonality, Resource Availability, and Community Diversity in
Tropical Bird CommunitiesAmerican Naturalist110, 973-994.

KARUBIAN, J., FABARA, J., YUNES, D., JORGENSON, J. P., ROMO, D. &
SMITH, T. B. (2005) Temporal and spatial patterns of macaw abundance in the
Ecuadorian AmazorCondor,107, 617-626.

KASPARI, M., YANOVIAK, S. & DUDLEY, R. (2008) On the biogeography of salt
limitation: A study of antommunitiesPNAS,105 1784817851.

KASPARI, M. & YANOVIAK, S. P. (2009) Biogeochemistry and the structure of
tropical brown food webgcology,90, 33423351.

KASPARI, M., YANOVIAK, S. P., DUDLEY, R., YUAN, M. & CLAY, N. A. (2009)
Sodium shortage as artstraint on the carbon cycle in an inland tropical
rainforestPNAS 46, 19405 194009.

KLASING, K. C. (1998)Comparative avian nutritiorf\ew York, CAB International.

KLAUS, G. & SCHMID, B. (1998) Geophagy at natural licks and mammal ecology: A
review.Mammalia 62, 481-497.

KOENIG, S. E. (2001) The breeding biology of Blamked ParrotAmazona agiliend
Yellow-billed ParrotAmazona collarian Cockpit Country, Jamaic8&ird
Conservation Internationall 1, 205-225.

KREULEN, D. A. (1985) Lick use by lardeerbivores: a review of benefits and banes
of soil consumptionMammal Reviewl5, 107-123.

KRISTOSCH, G. C. & MARCONDESMACHADO, L. O. (2001) Diet and feeding
behavior of the Reddisbellied parakeetRyrrhura frontalig in an Araucaria
forest in southedsrn brazil.Ornitologia Neotropical 12, 215223.

KVIST, L. P., GRAM, S., CACARES, A. & ORE, I. (2001) Soaconomy of flood
plain households in the Peruvian Amazbarest Ecology and Management,
150 175186.

LANNING, D. V. (1991) Distribution and brekng biology of the Redrronted Macaw.
Wilson Bulletin, 103 357-365.

LEES, A. & PERES, C. A. (2006) Rapid avifaunal collapse along the Amazonian
deforestation frontieBiological Conservation] 33 198-211.

t



LLOYD, H. (2004) Habitat and population estiraatof some threatened lowland forest
bird species in Tambopata, sowhst PeruBird Conservation Internationall4,
261-277.

MAHANEY, W. C., ZIPPIN, J., MILNER, M. W., SANMUGADAS, K., HANCOCK,

R. G. V., AUFREITER, S., CAMPBELL, S., HUFFMAN, M. A., WINK\.,
MALLOCH, D. & KALM, V. (1999) Chemistry, mineralogy and microbiology
of termite mound soil eaten by the chimpanzees of the Mahale Mountains,
Western Tanzanidournal of Tropical Ecologyl5, 565-588.

MARINEROS, L. & VAUGHAN, C. (1995) Scarlet Macaw$ Garara: Perspectives
for management. IN JJABRAMSON, SPEER, B. L. & J.B.THOMSEN (Eds.)
The large macaws: their care, breeding and conserva@atifornia, Raintree
Publications.

MARSCHNER, H. (1995Mineral Nutrition in Higher PlantsSan Diego, Academic

MARSDEN, S. J. (1999) Estimation of parrot and hornbill densities using a point count
distance sampling metholdbis, 141, 377-390.

MARSDEN, S. J. & WHIFFIN, M. (2003) The relationship between population density,
habitat position and habitat breadth witl neotropical forest bird community.
Ecography26, 385392.

MARSDEN, S. J., WHIFFIN, M. & GALETTI, M. (2001) Bird diversity and
abundance in forest fragments and Eucalyptus plantations around an Atlantic
forest reserve, BraziBiodiversity and Conseation, 10, 737-751.

MARSDEN, S. J., WHIFFIN, M., GALETTI, M. & FIELDING, A. H. (2005) How well
will Brazil's system of Atlantic forest reserves maintain viable bird populations?
Biodiversity and Conservatiof4, 28352853.

MARTUSCELLLI, P. (1994) Marootbdlied Conures feed on gaibrming homopteran
larvae.Wilson Bulletin, 106, 769-770.

MASELLO, J. F., PAGNOSSIN, M. L., LUBJUHN, T. & QUILLFELDT, P. (2004)
Ornamental notarotenoid red feathers of wild burrowing parré&sological
Research]9, 421-432.

MASELLO, J. F., PAGNOSSIN, M. L., SOMMER, C. & QUILLFELDT, P. (2006)
Population size, provisioning frequency, flock size and foraging range at the
largest known colony of Psittaciformes: the Burrowing Parrots of the-north

eastern Patagonian coastal clifésnu,106, 69-79.

24



MASELLO, J. F., SRAMKOVA, A., QUILLFELDT, P., EPPLEN, J. T. & LUBJUHN,
T. (2002) Genetic monogamy in burrowing pari@i&noliseus patagons
Journal of Avian Biology33, 99-103.

MATUZAK, G. D. & BRIGHTSMITH, D. J. (2007) Roosting of Ya@iv-naped Parrots
in Costa Rica: estimating the size and recruitment of threatened populations.
Journal of Field Ornithology78, 159-169.

MAUES, M. M. & VENTURIERI, G. C. (1996) Ecologia da polinizagio do bacurizeiro
(Platonia inrignir Mart.) ClusiaceaentbrapaCPATU, Boletim de Pesqusa 170.
Belem, Brasil.

MCDONALD, D. (2003) Feeding ecology and nutrition of Australian lorikeets.
Seminars in Avian and Exotic Pet Medicih2, 195204.

MCKEY, D. (1974) Adaptive Patterns in Alkaloid PhysioloBlye American Bituralist,
108 305-320.

MEE, A., FAIRCLOUGH, R. D. K., PULLAN, D. M. & BOYBWALLIS, W. (2005)
Observations of parrots at a geophagy site in BolBiata Neotropicab, 1-4.

MILLS, A. & MILEWSKI, A. (2007) Geophagy and nutrient supplementation in the
Ngorongoro Conservation Area, Tanzania, with particular reference to selenium,
cobalt and molybdenundournal of Zoology271, 110-118.

MOL, J. H. & OUBOTER, P. E. (2003) Downstream Effects of Erosion from Small
Scale Gold Mining on the Instream Habitat amshFCommunity of a Small
Neotropical Rainforest Streai@onservation Biologyl8, 201-214.

MONTENEGRO, O. L. (2004) Natural licks at keystone resources for wildlife and
people in Amazonia. Ph.D. thesis. University of Florida, USA.

MONTERRUBIO-RICO, T. & ENKERLIN-HOEFLICH, E. (2004) Present use and
characteristics of Thichilled Parrot nest sites in northwestern Mexigmurnal
of Field Ornithology,75, 96i 103.

MUNN, C. A. (1992) Macaw biology and ecotourism, or when a bird in the bush is
worth two in the Bnd. IN BEISSINGER, S. R. & SNYDER, N. F. R. (Eds.)
New World Parrots in CrisisSNVashington, Smithsonian Institution Press.

MUNN, C. A. (1994) Macaws: winged rainbowsational Geographic]185, 118 140.

MURPHY, S., LEGGE, S. & HEINSOHN, R. (2003) The brieegbiology of palm
cockatoos (Probosciger aterrimus): a case of a slow life higkmuynal of
Zoology,261, 327-339.



NAROSKY, T. & YZURIETA, D. (1989)Birds of Argentina and Uruguay : a field
guide,Buenos Aires, Vazquez Mazzini.

NATIONAL ATMOSPHERIC DEPOSITION PROGRAM (2006%50dium ion wet
depositionChampaign, IL.

NATIONAL RESEARCH COUNCIL (2005Mineral Tolerance of Animals,
Washington, DC, Natl Acad Press.

NDITHIA, H. & PERRIN, M. R. (2006) The spatial ecology of the Réaged
Lovebird Agapornis reeicollisin Namibia.Ostrich, 77, 52-57.

NOGUEIRA, D. M., SOUZA, L. M. D., GOLDSCHMIDT, B., SILVA, C.P.D. &
MONSORES, D. W. (2006) The karyotype of the critically endangered Lear's
macaw,Anodorhynchus leaBonaparte 1856 (Aves, PsittaciformeSgnetcs
and Molecular Biology29, 14154757.

O'NEILL, J. P., MUNN, C. A. & J., I. F. (199Nannopsittaca dachilleae new
species of parrotlet from eastern Pekuk,108 225229.

PAIN, D. J., MARTINS, T. L. F., BOUSSEKEY, M., DIAZ, S. H., DOWNS, C. T,,
EKSTROM, J. M. M., GARNETT, S., GILARDI, J. D., MCNIVEN, D.,
PRIMOT, P., ROUYS, S., SAOUMOE, M., SYMES, C. T., TAMUNGANG, S.
A., THEUERKAUF, J., VILLAFUERTE, D., VERFAILLES, L., WIDMANN,

P. & WIDMANN, I. D. (2006) Impact of protection on nest take and nesting
success of parrots in Africa, Asia and Australa&r@mal Conservatiorf), 322
330.

PERES, C. A. (2000) Effects of subsistence hunting on vertebrate community structure
in Amazonian forestsConservation Biologyl 4, 240-253.

PETERS, C. M., BALICK, M. J.KAHN, F. & ANDERSON, A. B. (1989) Oligarchic
forests of economic plants in Amazonia: utilization and conservation of an
important tropical resourc€onservation Biology3, 341 349.

PI1ZO, M. A. & SIMAO, 1. (1997) Daily variation in activity and flockz& of two
parakeet species from sotghstern BrazilWilson Bulletin, 109, 343-348.

POLITI, N. & RIVERA, L. O. (2005) Abundance and distribution of parrots along the
elevational gradient of Calilegua National Park, Argent®mitologia
Neotropical, 16, 43-52.

PROVENZA, F. D. & VILLALBA, J. J. (2006) Foraging in domestic herbivores:
linking the internal and external milieux. IN BELS, V. L. (EBeding in

26



domestic vertebrates: from structure to behavidMallingford, Oxfordshire,
CABI Publishing.

PUHAKKA, M., KALLIOLA, R., RAJASILTA, M. & SALO, J. (1992) River types,
site evolution and successional vegetation patterns in Peruvian Amazonia.
Journal of Biogeography,9, 651-665.

RAGUSA-NETTO, J. (2002) Exploitation dErythrina domingueziHassl. (Fabaceae
nectar by perching birds in a dry forest in western BrBzdzilian Journal of
Biology, 62, 877-883.

RAGUSA-NETTO, J. (2005) Extensive consumptionlabebuia auregmanso)

Benth. & Hook. (Bignoniaceae) nectar by parrots in a tecoma savanna in the
souhern Pantanal (BrazilBrazilian Journal of Biology65, 1-8.

RAGUSA-NETTO, J. (2006) Dry fruits and the abundance of the BlugYellow
Macaw @Ara araraung at a cerrado remnant in central Bra@itnitologia
Neotropical, 17, 491-500.

RAGUSA-NETTO, J. 2007) Nectar, fleshy fruits and the abundance of parrots at a
gallery forest in the southern Pantanal (Bra&tudies on neotropical fauna and
environment42, 93-99.

RAGUSA-NETTO, J. & FECCHIO, A. (2006) Plant food resources and the diet of a
parrot conmunity in a gallery forest of the Southern pantanal (BreBizilian
Journal of Biology66, 1021-1032.

RAGUSONETTO, J. (2006) Nectar, fleshy fruits and the abundance of parrots at a
gallery forest in the Southern Pantanal (BrakiBotropical Fauna ad
Environment, 1-7.

RAMIREZ, N. (2002) Reproductive phenology, life forms, and habitats of the
Venezuelan central plaidmerican Journal of Botang9, 836-842.

RENTON, K. (1998) Reproductive ecology and conservation of the-tiawned
Parrot Amazma finsch) in Jalisco, Mexico. Canterbury, University of Kent.

RENTON, K. (2001) Lilaecrowned parrot diet and food resource availability: Resource
tracking by a parrot seed predatGondor,103 62-69.

RENTON, K. (2002) Seasonal variation in occurreotmacaws along a rainforest
river. Journal of Field Ornithology73, 15-19.

RENTON, K. (2004) Agonistic interactions of nesting and nonbreeding Macaws.
Condor,106, 354-362.

27



RENTON, K. (2006) Diet of adult and nestling Scarlet Macaws in southwest Belize,
Central AmericaBiotropica, 38, 280-283.

RENTON, K. & BRIGHTSMITH, D. J. (2009) Cavity use and reproductive success of
nesting macaws in lowland forest of southeast Rlerurnal of Field
Ornithology,80, 1-8.

RIVERA-MILAN, F. F., COLLAZO, J. A., STAHALA,C., MOORE, W. J., DAVIS,

A., HERRING, G., STEINKAMP, M., PAGLIARO, R., THOMPSON, J. L. &
BRACEY, W. (2005) Estimation of density and population size and
recommendations for monitoring trends of Bahama parrots on Great Abaco and
Great InaguaWildlife Socety Bulletin,33, 823-834.

RODRIGUEZCASTILLO, A. M. & EBERHARD, J. R. (2006) Reproductive
behaviour of the Yellovcrowned parrotAmazona ochrocephglan western
PanamaThe Wilson Journal of Ornitholog$,18 225-236.

RODRIGUEZFERRARO, A. & SANZ, V. (B07) Natural history and population
status of the Yellovshouldered parrot on La Blanquilla island, VenezuBhe
Wilson Journal of Ornithologyi, 19 602-609.

ROMERGOBALDERAS, K. G., NARANJO, E. J., MORALES, H. H. & NIGH, R. B.
(2006) Damages caused byldwertebrate species in corn crops at the Lacandon
Forest, Chiapas, Mexictnterciencia,31, 276-283.

ROTH, P. (1984) Reparticao do habitat entre psitacideos simpatricos no sul da
Amazonia.Acta Amazonical4, 175221.

SACC (2010) South American Checklidommittee. SACC checklist online.
http://www.museum.Isu.edu/~Remsen/SACCBaseline03.#todessed May
2010.

SANCHEZMARTINEZ, T. C. & RENTON, K. (2009) Availability and selection of
arboreal termitaria as nesites by Orangéronted Parakeetaratinga
canicularisin conserved and modified landscapes in Mexios, 151, 311-320.

SAUNDERS, D. A. (1990) Problems of survival in an extensively cultivated landscape
-t he case of CG@alyptoshpnghdrineeusatikostris.o o
Biological Conservatioyb4, 277-290.

SAZIMA, I. (1989) Peachronted parakeet feeding on winged termii&8son
Bulletin, 101, 656.

SCHODDE, R. & TIDEMANN, S.C. (Eds.) (198Reader 6 s Digest Com

Australian BirdsSy d ne vy , Reader s Digest Servic

28



SCHULENBERG, TS., STOTZ, D. F., LANE, D. F., O'NEILL, J. P. & PARKER I,
T. A. (2007)Field Guide to the Birds of Perupndon, Christopher Helm.

SEASTEDT, T. R. & CROSSLEY, D. A. (1981) Sodium dynamics in forest ecosystems
and the animal starvation hypothegisierican Naturalist,117, 10291034.

SEIXAS, G. H. F., GUEDES, N. M. R., MARTINEZ, J. & PRESTES, N. P. (2002) Uso
de radiotelemetria no estudo de psitacideos. IN GALETTI, M. & P1ZO, M. A.
(Eds.)Ecologia e Conservacédo de Psitacideos no BrBglo Horizonte,
Melopsittacus Publicagoes.

SEKERCIOGLU, C. H., DAILY, G. C. & EHRLICH, P. R. (2004) Ecosystem
consequences of bird declin®NAS,101, 1804218047.

SHELGREN, J. H.,, THOMPSON, R. A., PALMER, T. K., KEFFER, M. O., CLARK,
D. O. & JOHNSON, J. (197%n evaluatio of the pest potential of the Ring
necked Parakeet, Nanday Conure and the Camanged Parakeet in
California, Sacramento, California Department of Food and Agriculture, Div.
Plant Industry Special Services Unit.

SNYDER, N., MCGOWAN, P., GILARDI, J. & GRJAL, A. (Eds.) (2000Parrots.
Status Survey and Conservation Action Plan 22004,Gland, Switzerland,
and Cambridge, UK, IUCN.

SNYDER, N. F. R., WILEY, J. W. & KEPLER, C. B. (198The Parrots of Luquillo:
Natural History and Conservation of the PueR&an Parrot,Los Angeles,
California, Western Foundation of Vertebrate Zoology.

STALLARD, R. F. & EDMOND, J. M. (1981) Geochemistry of the Amazon 1.
Precipitation chemistry and the marine contribution to the dissolved load at the
time of peak dischargdournal of Geophysical Resear@g, 98449858.

STATTERSFIELD, A. J., CROSBY, M. J., LONG, A. J. & WEGE, D. C. (1998)
Endemic bird areas of the world: priorities for biodiversity conservation,
Cambridge, UK, BirdLife International.

STRADI, R., PINI, E. & ELENTANO, G. (2001) The chemical structure of the
pigments inAra macaglumage Comparative Biochemistry and Physiology B,
130 57-63.

TAIZ, L. & ZEIGER, E. (1998)Plant PhysiologysSunderland, MA, Sinauer.

TAYLOR, S. & PERRIN, M. R. (2004) Intraspecifassociations of individual brown
headed parrot$picephalus cryptoxanthusAfrican Zoology 39, 263-271.



TERBORGH, J. (1986) Keystone plant resources in the tropical forest. IN SOULE, M.
(Ed.) Conservation BiologySunderland, Massachussets, Sinauer.

THIOLLAY, J. M. (2005) Effects of hunting on guianan forest game bBawdiversity
and Conservationl4, 1121-1135.

TOLEDO, E. & RINCON, C. (1999tilizacion industrial de nuevas especies
forestales en el Perlima, Peru, Camara Nacional Forestal.

TRACY, B. F. & MCNAUGHTON, S. J. (1995) Elemental analysis of mineral lick
soils from the SerengelationatPark, the Konzgorairie and Yellowstone
NationatPark.Ecography18, 91-94.

TRIVEDI, M. R., CORNEJO, F. H. & WATKINSON, A. R. (2004) Seed predation on
Brazil nuts Bertholletia excelsaby macaws (Psittacidae) in Madre de Dios,
Peru.Biotropica, 36, 118122.

VASQUEZ, R. & GENTRY, A. H. (1989) Use and misuse of fottestvestedruits in
the Iquitos areaConservation Biology3, 350/ 361.

VAUGHAN, C., NEMETH, N., CARY, J. & TEMPLE, S. (2005) Response of a Scarlet
Macaw @Ara macag population to conservation practices in Costa Rioal
Conservation Internationdl5, 119-130.

VAUGHAN, C., NEMETH, N. & MARINEROS, L. (2006) Scarlet Macaira
macagq (Psittacibrmes: Psittacidae) diet in Central Pacific Costa FRewista
de Biologia Tropical54, 919-926.

VITOUSEK, P. M. & SANFORD, R. L., JR, (1986) Nutrient cycling in moist tropical
forest.Annual Review of Ecology and Systemati@s137-167.

WALKER, J. S.(2006) Resource use and rarity among frugivorous birds in a tropical
rain forest on SulawedBiological Conservation130 60-69.

WALKER, J. S. & CAHILL, A. J. (2000) Population size and status of the Yellow
breasted Racqu¢ail ParrotPrioniturus flavi@ans Bird Conservation
International,10, 131-136.

WARBURTON, L. & PERRIN, M. R. (2005) Roosting requirements and behaviour of
the Blackcheeked Lovebirdgapornis nigrigenigSclater 1906) in Zambia.
Tropical Zoology 18, 39-48.

WEEKS JR, H. P. & KIRKPATRCK, C. M. (1976) Adaptations of Whi€ailed Deer
to Naturally Occurring Sodium DeficiencieBhe Journal of Wildlife
Management40, 610-625.

3C



WEGE, D. C. & LONG, A. J. (199%ey Areas for Threatened Birds in the Neotropics,
Cambridge, UK, BirdLife Conseation Series, BirdLife International
Publications.

WERMUNDSEN, T. (1999) Seasonal and diurnal variation in pacific paré&tathga
strenuaflock sizes in Nicaraguardeola46, 39-43.

WESTCOTT, D. A. & COCKBURN, A. (1988) Flock size and vigilance inrpis.
Australian Journal of Zoology36, 335-349.

WHITNEY, B. M. (1996) Flight behaviour and other field characteristics of the genera
of Neotropical parrototinga,5, 32-42.

WILES, G. J. & WEEKS, H. P. (1986) Movement and use patterns ofaehiéel deer
visiting natural licksJournal of Wildlife Managemer&0, 487-496.

WILEY, A. S. & KATZ, S. H. (1998) Geophagy in pregnancy: a test of a hypothesis.
Current Anthropology39, 532-545.

WOOD FLOORING INTERNATIONAL (2003) Species hardness.

WRIGHT, T. F, TOFT, C. A., ENKERLINHOEFLICH, E., GONZALEZ
ELIZONDO, J., ALBORNOZ, M., RODRIGUEZAERRARO, A., ROJAS
SUAREZ, F., SANZ, V., TRUJILLO, A., BEISSINGER, S. R., BEROVIDES,
V., GALVEZ, X., BRICE, A. T., JOYNER, K., EBERHARD, J., GILARDI, J.,
KOENIG, S. E., SODLESON, S., MARTUSCELLI, P., MEYERS, J. M.,
RENTON, K., RODRIGUEZ, A. M., SOSASANZA, A. C., VILELLA, F. J.

& WILEY, J. W. (2001) Nest poaching in neotropical parr@snservation
Biology, 15, 710-720.

YAMASHITA, C. (1987) Field observations and commeaitsthe Indigo Macaw
(Anodorhynchus lea)j a highly endangered species from northeastern Brazil.
Wilson Bulletin 99, 280-282.

31



Chapter 2: Parrot claylick distribution in South America: Do

patterns of @vheredhelp answer the question avhy@

2.1 SUMMARY

Geophagy is well known among some Neotropical parrots. The clay apparently adsorbs
dietary toxins and/or provides supplemental nutrients. Location data and 23
environmental layers were used to develop a predictive model of claylick distribution
using Maent software. | related species characteristics to claylick use and examined
how parrot assemblages using claylicks changed with distance from the centre of
claylick distribution. Fiftytwo parrot claylicks were reported from an area of ~4 million
km? but over 50% were restricted to a 35,000%egion of southeast Peru and northern
Bolivia. Claylicks were strongly associated with moist forest on younger (xil6én

yearold) geological formations and expos@ger banks. The predictive model of

claylick distribution matchethereported range well, with precipitation of warmest
quarter, land cover, temperature seasonality, and distance from the ocean being most
important predictors of claylick presence. Twesity of a potential 46 parrot species
visitedclaylicks. Species differed greatly in their lick use, but body size, dietary

breadth, abundance and other traits were poor predictors of lick use. | am confident that
thesurvey identified the distribution of major parrot claylicks in South America,

althaugh less conspicuous parrot geophagy may occur elsewhere. Claylick distribution
reflects both underlying geology (allowing claylick formation in only some regions) and
the physiological need for geophagy among parrots in different parts of the continent.
Data on the latter are inconclusiveit parrot claylick distribution supports the

contention that geophagy is related to sodium deficits than to protection from dietary

toxins.

2.2 INTRODUCTION

The intentional consumption of soil occurs in a range & taxall continents, except
Antarctica (Brightsmith, 2004). In the Neotropics, large flocks of parrotsolasiticks

on a regular basis to ingest soil at clearly deficlagllicks (Gilardi and Munn, 1998,

Brightsmith, 2004). Most studies of parrot clais in South America originate from
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study sites in Peru (Emmons and Stark, 1979, Gilardi et al., 1999, Burger and Gochfeld,
2003, Brightsmith and Muneldajar, 2004) with the exception of single sites in Bolivia
(Mee et al., 2005), eastern Ecuador (Duf@03), and southern Amazonian Brazil
(Roth, 1984). Parrot geophagy sites have also been recorded in Mexico {Neidést
al., 2008), Congo (May, 2001) and Papua Navin€a (Diamond et al., 1999; Symes et
al., 2006).

The function/s of geophagy among bitds/e been discussed in more detail in
chapter (Wink et al., 1993; Diamond et al., 1999; SanderdJarvis, 2000; Symes et
al., 2006. In summary, many bird species consume grit for mechanical digestion of
seeds and insecf8erbreek, 1994, Gionfriddonal Best, 1995, LopeZalleja et al.,
2000), whereas two hypotheses have been proposed to explain the consumption of fine
clay soils: 1) clay protects the birds from toxins and/or digestion inhibiting plant
secondary compounds in their diets (Diand@t al, 1999; Gilardi et al., 1999) and 2)
clay is a source of essential minerals suiecbadium (MarclandSadleir, 1975;
BrightsmithandMunozNajar, 2004). Bth functionamay beimportantbut it is unclear
if one of these physiological drives results in thdydphenomenon of many parrots
visiting claylicks No studyto datehasexaminedclaylick use and distribution at a

regional or continentvide scale

2.2.1 Aim

To determine the spatial distribution of claylicks and their species richness across South
America and explain why claylicks are distributed as they are in respect to
environmental factors, site availability and the physiological need for geophagy. To

achieve this aim | have the following objectives:

1. Identify known claylick locations acrossi8h Americaand model the probable
extent across the continent

2. ldentify claylick characteristics that influence parrot species richness

3. Identify differences in the parrot assemblages using claylicks

4. Identify characteristics of individual specthat use claylicks



2.3 METHODS

2.3.1 Survey of claylick locations

Information on South American claylick distribution was collected from March to
August 2007 through a formal survey of ornithological experts via personal contact and
posting on populaforums (seehaptetAc k nowl edgement s for r esy
Published scientists and bird tour operators from all major South American countries
were contacted (except French Guiana). Respondents were asked for the following
information: 1) local namef the claylick; 2) geographical location; 3) the position of
the claylick (major riverbank, stream or within forest); 4) height and width of the
exposed soil surface; 5) number of visits made by respondent to the claylick; 6) the
largest number of parrotecorded on the claylick; 7) species observetherclaylick.
Sitesthat were used by only one parrot individuedre excludeas they fall outside the
scope of regular avian geophagy.

Generic search engines (e.g. Google) were used to search for insiftice
words: colpa, collpa, lick, saladero, barreiro, parrot and matawreports for South
American countries from the birding portal www.travellingbirder.com were also
searched.

Where GPS coordinates were not provided information from nearest,town
rivers and associated travel times were used to calculate approximate locations.
Information provided was either useful as location data that was used for distribution
modelling, while a smaller subset of responses included species claylick use data and

information on local site conditions and associated species assemblages.

2.3.2 Environmental variables and claylick distribution

Claylick locations were mapped using &iS version 9.2 (ESRI, Redlands, California,

USA). 100% minimum convex polygons (NPS), as well as 75%, 50% and 25% MCPs,

were mapped for claylicks based on a system of elimination of the furthest outlying

| ocations. A oO0centre of distributiond f ol
outlying claylicks using MCP tools ungl cluster of six claylicks within 25 km of each

other was reached. A GIS database (Hearn et al., 2000) was used to overlay
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geographical information on the claylick locations to determine their distribution in
terms of the following: 14 major habitatelg@ively large areas of land or water that

share a large majority of their species, dynamics, and environmental condRiens

land cover typesderived from the U.S. Geological Surve§@obal Land Cover
Characteristicddatabask 29 geological ages a9 geologicaprovinces. The

geological provinces can be broadly grouped into basins, which represent 24% of South
America, and shields and other provinces which represent 26% (Hearn et al., 2000).
Chi-squared tests were used to compare the observezkaected claylick distribution

between geological age groups and between shields and basins.

2.3.3 Predicting claylick distribution

| used the machine learning method Maxent (Phillips, 2005) to predict the spatial
distribution of claylicks across South Anwa. Maxenthas been used in many areas of
species distribution modelg based on locations; for example, locality information
from herbarium specimens (Dudék et al .,
2008), and | extend this use to claylick locations. Maxent can handle continuous and
categorical variablegnd nonlinearity and interactions among predictors, making it
well-suited for species distribution modelling (Phillips et al., 2006), especially with
small sample sizes (Hernandez et al., 2006). Maxent identifies cells with suitable
conditions for occurmce (Phillips, 2006), with the importance of individual
environmental variables (training gains) based on decreases in gains when that predictor
is omitted from the predictor set.

Predictor variables included 19 bioclimatic variables from WorldClim da&ba
(Hijmans et al., 2005). These Bioclim variables (~1 km spatial resolution), were
generated from monthly averages of minimum, maximum, and mean temperatures, and
average precipitation for the period 195000 (Hijmans et al., 2005, Nix, 1986).
Vegetationcontinuous field (VCF) products generated using optical remote sensing data
from the Moderate Resolution Imaging Spectroradiometer (MODIS) (Hansen et al.,
2000) were used, as were Advanced Very High Resolution Radiometer (AVHRR) land
use and land cover mpas categorical predictors (Hansen et al., 2003). In addition, the
U.S. Geol ogi c dakKvafableselevgtions slopey asped, flow
accumulation, flow direction and compound topographic index were included. Aspect

was converted into two lineand orthogonal gradientsorthness (cos (aspect)) and
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eastness (sin(aspect)) (Kumar et al., 2006). Euclidean distance from the Pacific and the
Atlantic oceans were calculated as a surrogate for the influence of nutrient deposition

from precipitation eventssing a South American continent boundary shapefile in
ArcMap using 6Euclidean distanced functi
different spatial resolution (e.g. MODIS data; 500m resolution) from Bioclim variables

were resampled to ~1 km resadut (using bilinear method) to match the resolution for
Maxent analysis.

The 40 data layers were distilled to a set of less correlated variables, after
assessing crosrrelations (Pearson prodemioment correlation coefficient, r) among
predictors (Nedr et al., 1996) based on 1,050 localiti&® claylick locations and 1,000
randomly generated points from the northern half of South Am@igcarmann et al.,

2008). Only one variable from a set of highly correlateedr9) variables was used in
the aralyses. The decision to drop or include a variable was made by considering the
ease of interpretation and the biological relevance with the claylick distribution. The

resulting variable set contained 23 environmental layers (Appé&riix

2.3.4 Correlates of claylick use by parrots

Parrot species range maps from Juniper and Parr (1998) were overlaid onto the location
of each claylick to provide a comparabl e
richness. Although not entirely accurate for all spedhesse are consistent and

considered superior to other similar sources in a recent macroecological mapping
exercise (Blackburn et al., 2004, Mathias et al., 2004).

For each parrot species whose distributions overlapped at least one claylick,
range size da was obtained from Birdlife International species accounts (BirdLife
International, 2007). As this was not available for the Amazonian Parrotlet
Nannopsittaca dachilleaeange size was calculated by remapping the species map in
JuniperandParr (1998) wh ArcGIS. A measure of relative abundance was calculated
for each species as follows: rare = 1, uncommon = 2, common = 3, and abundant = 4
(Birdlife International, 2007). An index of habitat breadth (excluding urban) was
created by s ummsencgacdordieg toslpnper and Badr (1998) in the
following six categories: 1) Andean foothills or cloud forest; 2) lowland or humid forest
including Atlantic rainforest, varzea atidrra-firme; 3) gallery forest; 4) savanna; 5)

cultivated; 6) woodlanthcluding cerrado, caatinga, chaco or deciduous forest. An
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index of dietary breadth was calculated by summing, for each species, the incidences of
known feeding on the following ten dietary categories as listed in Juniper and Parr
(1998): palm (fruit pul@nd or seeds); othauts leaf or flower budsberries fruit;
seedsflowers including blossoms or nectaries; grain crops; insects; other (e.g. bark,
leaves). These data were supplemented with field observations from Peru for Black
capped Parake®yrrhura rupicolaand Blueheaded Macawrimolius couloni

(Chapter 4), for which Juniper and Parr (1998) listed no information. Mean weight for
species was obtained from Dunning (2008).

MannWhitneyU tests were used to compare species attributes (body weight,
range size, ranked abundance, habitat and dietary breadth) for claylick users and non
claylick users. Spearmands rank correl at]
the proportion of licks used by lick users and body weight, abundance, range size

number of licks within range, and dietary and habitat breadth.

2.3.5 Parrot community analysis

A nonrmetric multidimensional scaling analysis (NMDS: CAP, Pisces Conservation
Limited, 2002) was used to compare parrot community composition acrosskdayli

NMDS maximizes ranlorder correlation between distance measures and distance in
ordination spaceNMDS has several advantages over other ordination methods, since it
does not assume linearity of the data and it does not require data transformaitike, (Cl
1993). Analysis was run using the Sgrensen index as the distance measure, a PCA
(Principal Component Analysis) starting configuration, a maximum of six axes, with

200 iterations, and a final solution (number of axes) determined by minimising stress
(McCune and Grace, 2002). A Spearmands r a
between the scores on axes 1 and 2 and distance from the centre of distribution of the

claylick.

2.4 RESULTS

2.4.1 Claylick locations

Locations of 6Zlaylicks were receiveddne response, providing the locations of 33

claylicks from the Los Amigos river systemsonutheasPery was excluded to avoid
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any adverse effects upon modelling results through sample selecti¢Rips,

2008) Birdwatching trip reports yieldedradditionalclaylicks, but internet searches
led to the location of two additional claylickéen locations were discarded due to
potential location repetition or poor data quality, leaving 52 clayticktions(Figure
2.1). Two locations were removedrihg GIS analyses to maintain only one presence

location within a 1xXkm pixel (i.e.thespatial resolution of predictor variables).

2.4.2 Reported distribution of claylicks

Claylicks occurred in Paraguay, Peru, Bolivia, Brazil and Ecuador, and were
concentrated in Amazon rainforest along the eastern base of the Andes in Ecuador and
Peru. No parrot geophagy sites were reported from the following areas, and their
absence was checked with the following individuals: Argenfida E.H. Bucher, J.F.
Maselb); Atlantic Rainforestf{de M. A. Pizo, S. Marsden); central Amazonian Brazil
(fide A. Whittacker); the Pantanal regiofidg |. Pfeifer); Surinamefide J.H. Ribot);
and Venezueldifle D. Ascanio, S. Beissinger).
All reported claylicks were within théropical and subtropical moist broadleaf
f or est 6 hapitatSylkBvEh)a | | but one claylick occur

broadleaf foresto | and cover type (a sini
broadl eaf foresto).
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& Claylick
A No reported
claylick

Bolivia Brazil

Figure 2.1 Distributionof known parrot claylicks in South America (with 100%
Minimum Convex Polygon) in relation reas with no parrot claylicks. For 25

claylicks at known altitudes, all are below 1000m and althmgeare below 500m.

The 100% Minimum Convex Polygon (MERvhich contained all claylicks, was 3.87

million (M) km? The 75% MCP was only 0.60M Krf15.6% the area of the 100%

MCP), and the 50% MCP was just 0.035M%¥ 1% of the 100% MCP). Most

claylicks were found in southeast Peru (Figure 2.1). The 100% d6@éred 18

geological provinces, of which nine contain claylicks. More claylicks than expected
(43) occur within geol%-@94Pa0.00b)anhénns t han
considered as a proportion of the total area of TSMBF. The 100% MCP included 17
different geological ages as classified by Hearn et al. (2000), but claylicks were found in
only seven. More c%=a25p=0Kk0) occhrracinyeungere ct e d
geological age groups (< 65 million years old), which contain 43 (83%) afaiikcks

yet covered only 60% of the total area (Table 2.1).



Table 2.1:Age of geologic settings for South American claylicks. The proportional area

of South America is from Hearn et al. (2000). Significantly more claylicks than
expectedoccurinQuaten ary and Tertiary redd=dh% t han
p =0.002).

Age grouping Age range Proportional Reported Expected
(millions of area of South claylicks claylicks
years) America
Quaternary 1.80 0.31 20 16
Tertiary 65-1.8 0.29 23 15
Pre@ambrian to 450065 0.40 8 20
Tertiary

2.4.3 Predicted distribution of parrot claylicks

The Maxent predicted distribution of claylicks (Figure 2.2) showed broad agreement
with their known distributions, suggesting thia¢ sampling was adequate for pretthg

the current distribution. Biol8 (precipitation of warmest quarter; 31.3 %), Land cover
(20.4 %), Bio 4 (temperature seasonality; 12.1 %), distance from ocean (7.2%), and
MODIS herbaceous cover (4.8%) contributed most to the Maxent prediction. Area
under the receiver operating characteristic curve (AUC) was used to evaluate
performance of the model at all possible thresholds, and to compare among algorithms
(Phillips et al., 2006). Terandom subsets of the datare createavith 80% of the data
(40 records) used for training the model and 20% of the data (10 records) used for
testing the model performance. Tineantest AUC was 0.94 (AUC range 0.89.99),
which shows that the model predictions would be correct 94% of the time in finding
claylicks atlocations where they are predicted to be preSére final model was run
using all the data (50 records) (Figure 2.2).
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Figure2.2: Predicted probability of occurrence of parrot claylicks in South America as
determined byhe Maxent model using 23 environmental variables. Red regions are

areas with highest probability of claylick occurrence.

2.4.4 Physical characteristics of claylicks used by parrots

Physical attributes of claylicksere reported for 27 sites (Table 2.2)wdfich 20 were
located on the banks of large rivers, five on stream banks and two in forest interiors.
Mean claylick height was 10.8 + 9 m (n 6)2nd width was 91 + 139 m (n 62

indicating much variation in dimension across silé®re was a signifant positive
correlation between number of monitoring visits and number of parrot species recorded
at claylicks(rs= 0.51,p = 0.01, n = 2%, so only the 18 claylicks that had been visited

nine or more times were included in the subsequent analyse®(tékaton between
species richness and visitation was no longer significant at this lewé);33,p = 0.19,

n = 18). Thereweresignificantpositivecorrelatiors between claylick areandspecies

richness = 0.501,p = 0.034, n = 18and maximum nenber of individuals recorded
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(rs=0.74,p =0.001, n = 17). Maximum number of parrots was correlated with distance
to centre of claylick distribution {&= 0.53,p = 0.029, n = 17).

Table 2.2: Claylick physical and bird use characteristics for sitesevadstailed

information was available. No map references are given in order to protect sensitive

sites.
Name Country Type Lick Lick Max # Total Potential Distance to
height  width birds number # of cente of
(m) (m) seen of ' parrgt distribution
species species
on lick in area
Vallee de la Luna Bolivia River 35 150 1,044 6 15 700
Flor de Oré Bolivia Forest 0.5 25 5 1 25 250
Tuichi® Boliva River 10 20 1 22 200
Cristalino Salierd Brazil Stream 0.2 25 10 1 21 1,800
Rio Madeira Brazil River 10 15 200 3 19 500
Aripuan& Brazil River 1,000 5 20 1,200
Yasunl Ecuador River 15 30 80 2 20 1,550
Saladero de las loras Ecuador River 7 2 20 3 21 1,450
Tiputini colpa de loras Ecuador River 8 6 30 2 21 1,450
Tiputini colpita perico$ Ecuador River 10 15 100 6 21 1,450
Mbaracuya’ Paraguay  Forest 1 12 1 13 1,900
Heath" Peru/Bolivia  River 6.25 44.5 350 12 24 50
Pantiacolla® Peru River 20 200 500 9 21 200
Blanquillo™ Peru River 20 40 100 8 21 150
Mascoitania’ Peru River 25 55 100 11 21 250
Rio Blancd® Peru River 4 12 150 10 21 150
Explorer's Inf® Peru River 4 10 180 11 21 50
Colpa Hermosd Peru River 10 30 350 12 21 50
Manu™ Peru River 12 350 600 10 21 150
Colpa Chunchd Peru River 10 400 800 13 21 50
La Cachueld Peru River 10 300 250 5 21 0
El Gato” Peru Stream 12 50 150 12 21 50
Colpita Posadd Peru Stream 5 20 150 10 21 50
Piedras LPBS Peru River 18 28 400 12 21 50
Refugic” Peru Stream 1 25 20 2 21 50
ColpaColoradg® Peru River 27 500 1,400 16 21 100
Tarapot6® Peru Stream 1 2 25 2 20 1,000
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Respondent or papéiMee et al(2005),°R. Wallace, B.Hennessey’B. Hennessey
“A. Lees,’M. CohnHaft, °Roth (1984)/D. Luther,®G. BandaCruz,®J. Fabara:’M. A.
Morales,”'P. Nunez, C. Kirkby, P. Donahue, O. Doest, M. Berrdéa, ten Haven,
13B. Quispe Estrada, H. LloydiC. Torres, 0. Doest!®V. Vysna,*’A. Lee, **Burger
and Gochfeld (2003f°Hammer?°Y. Quispe **E. Hume,*C. Cosmopolis**K.
Quinteros **R. Ahlman

2.4.5 Correlates of claylick use among parrots

Twenty six of a potential 46 species (57%) (13 of 17 genera) whose range overlapped
with at least one claylick were reported as using one or more claylicks (Appe®dix 2
Of the genera with more than three specfeadzona, Ara, Aratinga, Brotogelasd
Pyrrhura), half or more of all species visited claylicks, except¥orazong3 from 8).
All five Araspecies visited claylicks.

Species using claylicks had larger ranges tharusans (claylick userg.25M
+ 2.99M knf, nonusers: 2.12M + 1.58M kfnU = 142,Z = 2.19,p = 0.029). There
was no difference between users and-users in terms of body size (claylick users:
322 £ 378 g, notusers: 192 + 118 ¢ = 244, Z = 0.069p = 0.95), habitat breadth
(claylick users: 2.8 £ 1.3, newsers: 2.9 + 1.4) = 257,Z = 0.07,p = 0.95), dietary
breadth (claylick users: 3 + 1.1, nosers: 2.7 £ 1.1) = 187, Z = 0.99p = 0.33), or
ranked abundance (claylick users: 2.9 + 0.7 -msers: 2.9 + 0.4) = 245, Z =-0.06,p
= 0.95). Within those 26 species using claylicke mean proportion of available
claylicks (those within the range of the species) used was 0.44 + 0.24, with proportion
of claylicks used significantly correlated with habitat breadtk (.40,p = 0.045), but
not with range size {& 0.18,p = 0.37),ranked abundance;é 0.06,p = 0.77), or
dietary breadth {= 0.29,p = 0.17).

2.4.6 Differences in parrot community composition across claylicks

Claylicks and their species composition range from unique single species claylicks to
multi-species chgicks with member species represented at most claylicks. The
assemblages of clayliaksing parrots (axes 1 and 2 of the NMDS) were significantly

correlated with distance from the claylick centre of distribution (axis0.42,p =



0.037, n = 25; axi&: rs=0.42,p = 0.037). Licks near the centre had higher diversity

while most outlying claylicks were used by relatively few species (Figure 2.3).
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Figure 2.3: Nommetric multidimensional scaling (NMDS) visual interpretation of
scaled distances (AxisvIAxis 2) for 25 claylicks based on similarity of species
composition (STRESS = 0.17). Claylicks are defined by country as an indication of
spatial proximity. The only major cluster indicating a community relationship is based
around the claylicks of Per&cuador and western Brazil. Outliers are typified by
claylicks with low species richness.

2.5 DISCUSSION

2.5.1 Did the survey capture claylick distribution across South America?

Most parrot claylicks wereeportedirom the forest ecozones of the wasst Amazon

basinin Bolivia, Peru, Ecuador, Brazil and Colombighe claylick locations received

may be biasedue toa range of issues including site accessibility, survey outraach
associated demographics of responddthdsvever, extensive effortsexe made to

follow up on regions where no claylicks were reported. Few responses were received
from Colombia and large claylicks may exist unreported in this country. Isolated
geophagy incidents occur outside the range reported here, for instancenped
ParrotletForpus passerinusat soil in Venezuela, but this is rare and unudics $.
Beissinger). Overall, | am confident that regular parrot geophagy is a western Amazon

phenomenon.
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The analysis captured the distribution well enobgbauseredided
distributionwith >70% probability and real location data diot differ greatly.The
Maxentmodel predicted little extension of the reported range, apart from extrapolations
i nto o6dat a p opoahedBolavia @nd the Bsamiliarhprogiree dfcre. A
degree of overprediction the Maxent modglbut at probabilities <20%) occurred for
some regions whelleam confident theravere no claylicks §round Iquitos in Perun
Venezuela, the BraziliaAtlantic Foresiand in northern Brazil south of @ana and
Suriname Figure2.2).

| am less sure that we know about all the parrot species that use claylicks. Parrot
species richness increases with observer effort and few claylicks have been the subject
of ongoing investigations. Parrot species with emig southwest Amazon, such as
GreencheekedParakeePyrrhura molinag may engage in geophagy unreported as of
yet

2.5.2 Characteristics of the parrot community that use claylicks

The analyses showed that parrot claylicks are strongly associatettopittal forest

areas Community analysis indicated that claylick parrot assemblages are largely similar
within the core zone of claylick distribution. In turn, tropical forest parrots appear to
havea greatemeed to engage in geophappan communitiesssociated with savanna or

other biomes where no parrots have been reported using mammalian geophagy sites, for
example, in the Pantanal, Brazil (de Oliveira et al., 2006).

Life history characteristics were poor correlates of claylick use among parrots
AlthoughDiamond (1999) reportedteend towards larger species of birds eating clay in
New Guinea, median parrot weight was not significantly higher for South America
claylick users compared to naisers and correlative analyses on traits such as body size
are likely confounded by phylogenetic relatedness. The lack of strong life history
correlates of claylick usage among parrots coupled with the strong spatial
autocorrelation among parrot communities using claylicks may indicate a general need
for geophagymong the group as a whole within specific regions rather than a
requirement by some species across larger geographical areas. For instance, the large
Ara spp, although found across the continent, consume soil nowhere else in their range
except in southed®eru, where they are joined by a host of other species. This indicates

that the drive to consume soil may be more a product of a general dietary deficit across



the group, rather than a specific need for detoxification which is more likely to be
speciesspecific as diets differ widely across parrot species within a given area (Ragusa
Netto, 2007, Matuzak et al., 2008).

2.5.3 Conditions needed for claylick formation

The presence of soils suitable for geophagy requires the deposition and subsequent
exposire of clays, such as smectites, which retain sodium and bind toxins (Levy et al.,
1998), so the white sand deposits from Suriname and around Iquitos would be
unsuitable for parrot geophagy. Geophaitgssverestrongly correlated with basins and
younger gological typesn the western Amazon, which are regarded as eutrophic
compared to northern, central and southern Amazon (Tuomisto, 2007). Geophagy is
rare on th&suiana and Brazilian shieldwhose soils are mostly nutrient poor (Stark,
1970, Haridasan,@®1). However, sediments of the lower Amazon River have a high
content of smectites (Guyota et al., 2007). Smectites are also found in Paraiba
(Rodrigues, 2003) and Para, Brazil (Guerra et al., 2006) and other regions where no
parrot geophagy is reported.

Depositions of suitable sediments need to be exposed and visible to parrots in
order to be found and consumed. Geophagy is not observed along the course of the
Amazon River from Iquitos, Peru, to beyond Manaus, Brazil, where the flooding
regimes of gapoand varzea forestaundate suitable soils (Worbes, 1985). In contrast,
southeast Peru, where the highest number of claylicks is reported, is characterized by
tectonic uplift and downcutting rivers that expose large expanses of river bank (Puhakka
et al.,1992). These continue to be exposed during the wet season when visitation rates

by macaws and large parrots are at their highest (Brightsmith, 2004).

2.5.4 What drives geophagy among Neotropical parrots?

Claylick soils are known to have properties tbatild provide protection against

alkaloid toxins, which has led to the theory that parrots consume soil predominantly as a
protection from dietary toxins (Gilardi et al., 1999), asrpts consume nutritionally

rich butpotentiallyhighly toxicfoods,espeially during the dry season when food is

limiting (Terborgh, 1986). However, adtifying potentially toxiccompoung in seedss

not sufficient to demonstrate toxicity, axicity is a dosageand animalkpecifictrait
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(Janzen et al., 1986). | am unawafestudies which have examined the toxicity of
Neotropical parrot dietim this context (Gilardi 1996 tested general toxicity of around X
species of parrot food in a brine shrimp bioassayg) none that explore the

geographical variation in toxicity. Ira€t there is limited study giotentialtoxins in the

seed of most tropical plants. However, seeds from a range of Costa Rican members of
the Fabaceae family, identified as an important food family for parrots (Matuzak et al.,
2008),containmultiple defensivecompoundghat can potentially reduceedpredation
(Janzen et al., 1986%0me éaves in tropical forests are defended by a wide variety of
secondary metabolit€€oley and Barone, 1996) and some of these traits may extend to
immature fruit and sefs. In general, better plant defen@®associated witiplantson

poor soils(Janzen, 1974ColeyandBarone, 1996McKeyet al, 1978). If protection

from toxins was driving claylick use, we would predict high levels of geophagy in
nutrient poor areasush as th&uiana and Brazilian shiel@slaridasan, 2001)nstead,

parrot claylicks are centred on the nutrient rich deposits at the base of the Andes and |
argue that this is not what we would expect if geophagy was driven by the need for
protection fromdietary toxins. Ultimately, parrots are a family of birds renowned for
their ability to deal with o6toxicé food
1998).

Due to the physiological importance of sodium to vertebrates (Randall et al.,
1997) ad its relative scarcity in many ecosystems (Whittaker et al., 1979), the
regulation of sodium levels and sodium seeking behaviour are under tight hormonal
control (Schulkin, 1991). If sodium deficits are a potential driver of geophagy in this
system, ongvould predict that claylick use would be greatest in areas with the lowest
sodium concentrations in the food supply. Claylick use was concentrated in tropical
moist forest areas where turnover of sodium is very rapid (Whittaker et al., 1979) and
absent fron temperate and more arid areas where leaching and weathering are reduced,
and sodium concentrations usually higher (Levy et al., 1998).

Claylick use was positively correlated with distance from the ocean. Seasalt
aerosol influx in rainfall is an importasource of ecosystem sodium, and deposition
decreases with distance from the coast. Annual inputs close to the coast can be as high
as 65 kg/ha (Heartsitbcalley et al., 2007) compared to the Amazon average of 3 kg /ha
(Mortatti and Probst, 2003Jhe Ardes form a barrier to Pacific rainfall influences to
the Amazon basin (Strecker et al., 2007), so oceanic influence is from the eastern sea

bodies of the Caribbean and Atlantic Oceans. Geophagy is conspicuously absent from
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coastal forests such as the Atlamainforests and basins of northeast Brazil, and
instead is found in the western Amazon where sodium hunger is predicted to be
greatest.

The distribution of parrot claylicks across South America has important
community and conservation implications farrot populations. The western Amazon
has until now been little impacted by anthropogenic change but now faces increasing
infrastructure development with associated conservation implications, including
colonisation, deforestation and forest fragmentatitiaylicks in southeast Peru visited
by up to 20 parrot species are an anomaly on the gradient of decreasing parrot species
richness from northeast to southwest South America (Blackburn et al., 2004). If the
presence of geophagy sites aid the persistehtauginalized species in this region
remains to be seen, but the impact of increased disturbance on parrot activity at
riverside geophagy sites needs to be investigated. The distribution of parrot claylicks
across South America lends strength to the the@t the need for sodium results in
one of the western Amazonds most interes:
needs to be understood on the factors, both human and ecological, that influence parrot

geophagy across South America.
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Appendix2.1: Environmental variables considered for use in modelling claylick
distribution using Maxent, indicating their original spatial resolution or scale, if they
were ultimately used, and the final percent contribution to the model. AVHRR is
AdvancedVery High Resolution Radiometer; MODIS VCF is MODerate Resolution
Imaging Spectroradiometer Vegetation Continuous Field. Biol to Biol9 are Bioclim
variableg(Nix, 1986)

Environmental variable  Original Used % Data source
spatial (yes/ Contribu
resolution/  no) tion in
scale Maxent
model
Elevation ~1km Yes 3.0 http://edc.usgs.gov/products/elevation/gtopo30
dro/index.html
Slope (degrees) ~1km Yes 0.2 Same as above
Northnesgcos(aspect)) ~1km Yes 3.3 Generated from Aspect from
http://edc.usgs.gov/products/elevation/gtopo30
dro/index.html
Eastness (sin(aspect)) ~1km Yes 0.6 Generated from Agect from
http://edc.usgs.gov/products/elevation/gtopo30
dro/index.html
Compound topographic ~1km Yes 4.5 http://edc.usgs.gov/products/elevation/gtopo30
index dro/index.html
Flow accumulation ~1km Yes - Same as above
Flow direction ~1km Yes 0.1 Same as above
Distance from Pacific 1km Yes 7.2 Generated in GIS
and Atlantic oceans
Solil types 1 x 1 degree No - http://www.sage.wisc.edu/atlas/maps.php
Soil pH 0.5x0.5 No - Same as above
degree
Soil Carbon 0.5x0.5 No - Same as above
degree
Soil moisture 0.5x0.5 Yes 2.3 Sameas above
degree
Growing degree days 0.5x 0.5 No - Same as above
degree
Evapotranspiration 0.5x0.5 Yes 1.8 Same as above
degree
Potential 0.5x0.5 Yes 0.0 Same as above
Evapotranspiration degree
Geology 1:1 million No - Hearn et al. (2000)
Geological age 1:1 million No - Hearn et al. (2000)
AVHRR land use land 1km Yes 20.4 Hansen et al. (2000); available at
cover types http://glcf.umiacs.umd.edu/data/
MODIS VCF Bare 500 m Yes 3.0 Hansen et al. (ZIB); available at
cover http://glcf.umiacs.umd.edu/data/
MODIS VCF Tree 500 m Yes 0.1 Same as above
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http://edc.usgs.gov/products/elevation/gtopo30/hydro/index.html
http://edc.usgs.gov/products/elevation/gtopo30/hydro/index.html
http://edc.usgs.gov/products/elevation/gtopo30/hydro/index.html
http://edc.usgs.gov/products/elevation/gtopo30/hydro/index.html
http://edc.usgs.gov/products/elevation/gtopo30/hydro/index.html
http://edc.usgs.gov/products/elevation/gtopo30/hydro/index.html
http://edc.usgs.gov/products/elevation/gtopo30/hydro/index.html
http://edc.usgs.gov/products/elevation/gtopo30/hydro/index.html
http://www.sage.wisc.edu/atlas/maps.php
http://glcf.umiacs.umd.edu/data/
http://glcf.umiacs.umd.edu/data/

cover

MODIS VCF Herb 500 m Yes 4.8 Same as above
cover

Annual mean ~1km No - Hijmans etal. (2005); available at
temperature (Biol) http://www.worldclim.org/
Mean diurnal range in  ~1km Yes 0.0 Same as above
temperature (Bio2)

Isothermality (Bio3) ~1km Yes 0.0 Same as above
Temperature ~1km Yes 12.1 Same as above
seasonality (SD x 100)

(Bio4)

Maximum temperature ~1km No - Same as above
of warmest month

(Biob)

Minimum temperature ~1km No - Same as above
of coldest month (Bio6

Temperature annual  ~1km Yes 0.0 Same as above
range (Bio7)

Mean temperature of ~1km No - Same as above
wettestquarter (Bio8)

Mean temperature of ~1km No - Same as above
driest quarter (Bio9)

Mean temperature of ~1km No - Same as above
warmest quarter

(Bio10)

Mean temperature of ~1km No - Same as above
coldest quarter (Biol1l)

Mean annual ~1km Yes 0.2 Same as above
precipitation (Bio12)

Precipitation of wettest ~1km No - Same as above
month (Bio13)

Precipitation of driest ~1km Yes 3.2 Same as above
month (Bio14)

Precipitation ~1km Yes 0.6 Same as above
seasonality (CV)

(Biolb)

Precipitation of wettest ~1km No - Same as above
quarter (Biol16)

Precipitation of driest ~1km No - Same as above
quarter (Biol7)

Precipitation of ~1km Yes 31.3 Same as above
warmest quarter

(Biol8)

Precipitation of coldest ~1km Yes 1.0 Same aslaove

guarter (Biol19)



http://www.worldclim.org/

Appendix2.2: The characteristics of South American parrot species whose range

overlaps with at least one of claylick.

Common Name
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Maroonbellied 1 1 1.00 1600 3 5 3 5 88 1 1
Parakeet
Blue-headed Parrot 19 24 0.79 8300 4 5 5 4 251 24 18 1.8 18
Yellow-crowned Rrrot 16 24 0.67 6700 3 5 6 2 440 1.7 15 1.67 15
PeacHfronted Parakeet 2 3 067 5700 3 5 3 5 865 2 2 1 2
Redandgreen Macaw 16 25 0.64 8100 3 5 3 2 1214 16 16 2 19
Mealy Parrot 15 24 0.63 7200 3 5 5 3 626 24 15 253 15
Dusky-headed Parakee 15 24 0.63 2300 3 5 3 5 108 23 15 1.56 16
Orangecheeked Parrot 13 22 059 3500 3 5 1 3 140 1.3 12 1.08 13
Chestnuffronted 14 24 058 5800 3 5 2 2 343 2 14 2 18
Macaw
Cobaltwinged Parakee 11 20 0.55 2600 3 5 3 3 56 2.4 11 247 15
Military Macaw 1 2 050 298 1 4 3 3 1134 15 2 15 2
Goldenwinged 1 2 050 3100 3 5 3 4 545
Parakeet
White-eyed Parakeet 12 25 0.48 10000 3 5 4 2 158 1.7 12 18 15
Black-capped Parakeet 6 14 0.43 550 3 5 2 3 75 15 6 2 9
Scarlet Macaw 10 24 0.42 6700 3 5 3 3 1015 14 10 1.69 16
Blue-headed Macaw 6 16 0.38 373 2 2 2 2 250 13 6 1.08 12
Crimsonbellied 1 3 0.33 1100 3 5 2 2 75 1 1 3 1
Parakeet
Blue-andyellow 7 24 0.29 7800 3 5 3 4 1125 14 7 169 16
Macaw
Amazonian Parrotlet 4 14 0.29 200 1 4 1 2 41.5 1 4 1 8
White-bellied Parrot 4 19 0.21 3600 3 5 2 155 1 4 183 12
Dusky-billed Parrotlet 4 21 0.19 2900 3 5 2 3 27.2 1 4 1.18 11
Redbellied Macaw 4 24 0.17 7200 3 5 4 1 372 17 3 1.38 13
Painted Parakeet 3 19 0.16 4000 3 5 3 5 621 1 1 133 3
Orangewinged Parrot 1 8 0.13 7400 4 5 5 3 370 1 1 .
Tui Parakeet 1 19 0.05 1700 4 5 1 2 59 2 1 1 2
Scarletshouldered 1 22 0.05 1800 2 5 1 60 1 1 1 4

Parrotlet
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Festive Parrot 0 4 0.00 860 3 5 4 430
Black-headed Parrot 0 4 0.00 2900 3 5 2 5 157
Maroontailed Paakeet O 4 0.00 1500 3 5 2 67.9
Sapphirerumped 0 4 0.00 3800 2 5 2 1 597
Parrotlet

Blue-fronted Parrot 0 3 0.00 4200 4 5 5 2 451
Redshouldered Macaw 0 3 0.00 4300 3 5 5 3 156
Monk Parakeet 0 3 0.00 2800 3 5 4 5 120
Canarywinged 0 3 000 3400 3 5 3 3 746
Parakeet

Redfan Parrot 0 2 0.00 4300 3 5 1 2 246
Scarletfronted 0 2 0.00 420 4 5 2 3 194
Parakeet

Blue-crowned Parakeel 0 2 0.00 2300 3 5 4 3 171
Greencheeked 0 2 0.00 680 3 5 5 77.1
Parakeet

Scalyheaded Parrot 0 1 0.00 4500 3 5 1 2 293
Yellow-faced Amazon O 1 0.00 1500 2 4 2 2 260
Blue-winged Macaw 0 1 0.00 3 4 3 256
Vinaceous amazon 0 1 0.00 106 1 3 2 3 254
Yellow-collared 0 1 0.00 600 3 5 5 4 245
Macaw

Pileated Parrot 0 1 0.00 730 3 5 2 2 119
Grey-hooded Parakeet 0 1 0.00 600 3 5 3 2 33.6
Kawall's Parrot 0 1 0.00 720 5 1 2




Chapter 3: Spatial and temporal patterns of geophagy across a

community of parrots in southeastern Peru

3.1 SUMMARY

While parrotgeophagy at riverside claylicks is mostly a phenomenon observed in the
western Amazon forests, no information exists on the spatial distribution of the

resources along the rivers of the region. An extensive survey of five major river systems
was conducteth the southeastern Peruvian department of Madre de Dios, an area

known for parrot geophagy. Selected sites were monitored over a three year period to
determine temporal patterns of claylick use for the local parrot assemblage. Parrot
geophagy sites rangé&mm 0.05 to 1.1 per kilometre of river. Species richness varied

among claylicks, and although all of the parrots of the region were observed on at least
one claylick, no single claylick registei
determinedy feather availability at the base of claylicks, increased westwards. The
amount of feeding observed on a daily basis varieddienamong monitored sites, and
feeding may be a functi on 0fiverswitefewerar ea o1
clayic ks probably have a greater Oéparrot ca
patterns of claylick use were similar for individual species among claylicks, suggesting
species specific strategies to feeding that may be influenced by predation. Although the
visual spectacle of a claylick would suggest intense usage by parrots, on average only

1% of the potential population within a 10 km radius were observed at the claylick on a
daily basis, although for species associated with secondary habitat this aalosueh

higher. Although this study elucidates patterns of claylick distribution and claylick use,

much needs to be done to determine how far individuals are travelling to use claylicks.
3.2 INTRODUCTION

Avian geophagy, especially by parrots, occura wide area across South America
(Chapter 2). Claylick distribution and patterns of species richness at claylicks across

South America lends strength to the role of sodium in clay consumption (Chapter 2).

Parrots in southeastern Peru target soil with bagion exchange capacity and high
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sodium contentGilardi et al., 1999Brightsmith and Aramburu Muneldajar, 2004,
Brightsmith et al., 2008). Parrot geophagy in the western Amazon, where hundreds of
birds descending to consume soil at exposed riverban&s almost daily basis, has

been the subject of several investigations as tohisiqgal properties of the soil

(Emmons and Stark, 197Brightsmith and Aramburu Munelajar, 2004, Brightsmith

et al., 2008, Powell et al., 2009), and a behavioural sBdsgér and Gochfeld, 2003).

No study has attempted to understand the fscafe spatial distribution of these sites,
while temporal trends in activity have been reported from just two sites (Burger and
Gochfeld, 2003, Brightsmith, 2004). With southeastenu facing massive

development with the completion of a highway through the middle of what was one of
the Amazondés best protected areas (Dour o]
these claylicks are in order to quantify their protected status.

In South America, broad patterns suggest that claylick distribution is related to
the availability of suitable soils in areas of sodium deficiency (Chapter 2).
Understanding the spatial distribution of claylicks may have important consequences for
understading their impacts on parrot movement, distribution, dietary ecology and
conservation. Isolated resources such as mineral licks and artificial water holes have
been shown to influence landscape use and abundance in mammals (Smit et al., 2007),
and clayliks have been attributed to parrot flight direction patterns in southeastern Peru
(Ward, 2007). While some namigratory birds are capable of flying long distances to
obtain resources (Lloyd et al., 2000), how far parrots will travel for resources is not so
clear. Munn (1992) estimated that Rakgreen Macaw#ra chloropterudly not
more than six to seven kilometres upon leaving a lick on the Manu River and stated it
was unlikely that macaws visited a claylick nine kilometres away.

Temporal patterns gfarrot claylick use are becoming better understood. For a
claylick in Manu National Park (in southeastern Peru), Burger and Gochfeld (2003)
report three diurnal patterns of claylick use which appear to be species specific: most
small parakeets and all pats use the claylick in the early morning only; large macaws
use the claylick in the mithorning, while Cobaltvinged Parakeet8rotogeris
cyanopterause the claylick in the afternoon. Seasonal patterns in soil consumption at a
claylick in southeastern Rehave been linked to breeding season for parrot species
observed at claylicks (Brightsmith, 2006). Whether these patterns are site specific or

apply to a wider area has not been demonstrated.
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Understanding relationships between claylicks and local pesromunities has
implications for the use of these sites for population monitoring (Lee, 2009a). Sites
where parrots congregate regularly to consume soil may provide useful inforaegion
long term monitoring at one site has shown broadly repeatingm#arong years
(Brightsmith, 2004). But claylicks may be ephemeral resources impacted by changing
environments and the impact of humama®andonment ahineral sites used yand
tailed PigeonsPatagioensis fasciate western Oregohas been attributed tand use
change (Overton et al., 2006). The department of Madre de Dios in southeastern Peru
has a fast growing population and is undergoing rapid development (Dourojeanni, 2006,
NaughtonTreves, 2004), so there is a real danger the natural phenomemamdoéds
of parrots coming to the ground to consume soil will disappear before we fully
understand it. When, where and how claylicks are used by which parrots, has yet to be

broadly described at a community level and this chapter addresses these issues.

3.2.1 Aims

Determine the spatial distribution of claylicks in relation to habitat proximity; and
classify the parrot community of southeastern Peru on the basis of temporal patterns of
claylick use and the numbers of parrots visiting them. To achiesedahms | have the

following objectives:

1. Map spatial distribution of parrot claylicks and their species richness in a region of
lowland Amazon rainforest in relation to floodplain distra-firme habitat types

2. ldentify daily patterns of claylick visation by parrots

3. Identify seasonatiifferences in claylick usage by parrots

4. Determine vhat proportion ofhe local parrot population use claylicks on a daily
basis

5. Broadly classify the parrot assemblage of Tambopata according to their alesgick

patterns
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3.3 METHODS

3.3.1 Study Area

The study was conducted in the Madre de Dios department in southeastern Peru, along
lowland Amazon rivers which form part the approximately 160,000\taure de Dios
drainage basin (Goulding et al., 2003). ®amverbanks where geophagy occurs have
been identified as intertidal alluvial depogiAsanen et al., 1987, Rasanen et al.,

1995) The clay is characterized by a high cationic exchange cag&sigydi et al.,
1999)andcontainhigh levels of sodiuniBrightsmith and MunodNajar, 2004)

3.3.2 Spatial patterns of claylick distribution

A rigorous survey for both avian and mammal geophagy sites was led by Gabriella
Vigo Trauco of the Tambopata Macaw Project from July to October 2007, covering
1,760kilometres of five major river systems and streams in the rétpoetails see
Brightsmith et al., 2009 Claylick locations were identified by regular bird activity
around exposed sections of clay, beakrks, or as indicated by local guides and
researchersarrot claylick locationgvere plotted using ArcMap 9.2 (ESRI Inc, 2006)
The distances between claylicks and the degree of clustering was measured using
Nearest Neighbour feature (ArcToolbo&)aylick species richness was based on
feathers found at thease of the claylick for claylicksiwere monitoring of feeding was
not conducted. Spatial autocorrelation for claylick species richness was measured using
Morands | f e a tHgh/lew Clusterindgl(GeatiDrtd Gexegral Gyvas used
to measureéhe dgree of clustering for either high values or Ispecies richnesslues

To determine o6areas of influenced, th
delimited by the departmental border to the south, the Piedras River to the east and the
furthest claylickeencountered to the north (126 S) a n & 3weld)a areb af 1
floodplain andierra-firme forests within 3, 5, 10 and 15km radius of each claylick was
calculatedi si ng t he O0Buffer Featuresé function
extractedfom t he O0si stemas ecologicas Peru Bol
http://atrium.andesamazon.org/metadata_search@mrlapping buffers were merged
using the Edit toolbar. The area of intersection of the resulting buffers was calculated

using the Intersec¢ool (ArcToolbox).



3.3.3 Temporal patterns of claylick use by parrots

Monitoring of birds visiting claylicksvas conducted fromanuary 2006 to December
2008along two river systemisLas Piedras and Tambopata (Figure 3.1). Five claylicks
were monitoed along the Tambopata RiveE X p | olnn éEl), &slpaHermosa
(Hermosa), Posadaolpita(Blind Il), Colpa Colorado (TRC) and a small tributary of
the Tambopta: El Gato Creek (Gato). Monitoring on the Las Piedras River was
conducted at theas Piedra8iodiversity Research Station (Piedras). Previous studies
focused on geophagy have been conducted at Hermosa and TRC (Brightsmith and
MunozNajar, 2004, Brightsmith, 2004).

Claylicks were monitored to obtain indices of species richness and clay
consumptia. The monitoring protocol follows that described by Brightsmith (2084)
summary of the monitoring protocol is as follo@bservers begamatching the lick
before the birds arrive@pproximately at sunrise) until the birds finistiedir early
morninglick use (usually befor88h00, or at claylicks frequented by macaws until
whenever birds had left the area or 17h00 at Hermosa andQs¥€rvers recordetie
time, number, and species of first birds that landed on the lick. Startifrgm this
point, observers counted all birds tre lick everyfive minutes Multiple observers
were used for this task over the course of this study due to the length of the study period
and wide distribution of study sites. The principal investigators participateginmty
and monitoring at all sites. Each observer was trained and tested to ensure they could
readily distinguish all of thbird species on the liclObservers were rotated between
sites wherever possible to minimise any observer and site bias. No nmgnitas
conducted on days with rainy mornings, as rain can potentially reduce bird activity to
zero (Brightsmith, 2004). Weather was recorded as sun, cloud, rain or fog each five
minutes as per Brightsmith (2004he time of # boats passing the clayliskvere
recorded.

Three indices of claylick use were calculated for each species. The principal
index was the daily feeding index (generally referred to as claylick use here), calculated
as the sum of the five minute counts multiplied by five (birdminutespresent all the
birds for that period, as described by Brightsmith (2004). This daily feeding index was
al so used to examine correlations among

correlations). Since this is a composite value that combines lehfglading and group
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sizes, two secondary indices are measures of these values. The second index was the
total number of five minute counts (feeding counts) where birds were observed on the
claylick. The third index was based on the highest count ondlyeial each day.
Furthermore, the ratio of claylick use for the three highest months to three lowest
mont hs was calcul ated as the O0degree of
across all five Tambopata claylicks were usedPiancipal ComponestAnalysis

correlation (PCA) community analysis (CAP, 2002).

3.3.4 Issues related to monitoring claylick complexes

On the Tambopata River the three claylicks El, Hermosa and Blind Il are located within
two kilometres of eachther and observations ofght patterns suggested extensive
movement among these licks suggesting that each was potentially as likely as the other
to be used by the local bird community. As a result, these are considered together as a
claylick complex.In addition, individual patt@s of claylick use could vary
dramatically on a monthly basis but this variation was not seen when claylicks were
considered together, as birds seem to favour one claylick over another on an almost
daily basis (Lee, 2009a). Gato and Piedras also consiktdasters of at least three
claylicks each. As only one claylick of each cluster could be monitored at these sites at
any time,seasonagxtrapolations cannot be undertaken for these two claylick.
Monitoring at Gato was limited by accessibility issuey] was conducted at one site
only, while monitoring at the Piedras complex focused on the site where large macaws
were observed regularly.

For the claylick complex (El, Hermosa, Blind II) the summed daily feeding
index, used for analysis of temporal tlsnwas not based on the same day since
monitoring was rarely conducted simultaneously, but instead on cumulative days from
the same monthly period, i.e. the first day of monitoring at each claylick was summed
regardless of date and this process repegigdeumaximum number of days monitored
at any claylick. So although 885 days were monitored all together across the complex
these are condensed into 320 days (monthly means were used to make up for shortfall in
monthly monitoring for any individual clayks and consist of 9% of data). This was
also done for the maximum count estimates across the cofspiehelow)

To present data on seasonal patterns, average daily feeding at each claylick for

each month was calculated as a proportion of the monththétiargest amount of



feeding. This was done to present standardized visitation rates, as monthly patterns
using total numbers between claylicks varied greatly. Similarly, diurnal feeding patterns

at each claylick were standardised to the hour with thetggeamount of feeding.

3.3.5 The proportion of the local parrot population that visits claylicks

Parrot density was estimated across the landscape and for the area around the complex
and TRC using transects and Distance sampling techniques in Chaptafly,
transects of two, three and five kilometres length were conducted from sunrise and in
the late afternoon before sunset. Transects were located through representative habitats
at each site.

To determine the proportion of birds of a local popafathat visits the
monitored claylicks on a daily basis, the mean highest on clay count for the five
Tambopata River claylicks was divided by the regional population estimates for
differing distances from the claylick i.e. proportion of population uslaglick =
(mean high count / (density™* km radiug)).

To examine this pattern in more detail at the site level, at Hermosa, El and Blind
Il (the complex) an estimate of the total number of birds present was noted after peak
activity had finished; referred to as the maximum count. At TRCIthdick high count
was used, as the large numbers of birds observed in the physical area of the claylick
combined with antpredatory flushes resulted in wide variation in estimations of
maximum counts by observers. To calculate the proportion of eachispes 6 | oc al
population that visit on a daily basis, the mean maximum count at the complex and TRC

was divided by the population estimates for those sites.
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3.3.6 Statistical analysis

PCA analysis using Pisces software (CAP, 2002) was used to classggrtiot

community based on feeding patterns and habits. Krii#ladlis tests were used to

compare species richness and daily feeding across claylicks. Measures of similarity
(Pearson correlation coefficients) in monthly feeding were calculated based on
poporti onal mont hly feeding using the 06Di
(version 16.0). MamWhitney U tests were further used to test differences in

proportional feeding, mean daily feeding, feeding counts and mean high count between
TRCandthecom!| ex. Spearmandés rank correlation
between parrot feeding and claylick physical variables (height, area, open area in front

of the claylick); and on indices of feeding and parrot weight.

3.4 RESULTS
3.4.1 Spatial distribution of parrot claylicks

The locations of 62 claylicks used by parrots were mapped, combining results from the
formal river survey (covering, 760 km) with seven previously identified claylicks. For
spatial analysis, the area encompassing these clayicissa buffer of 20 km (a

distance deemed sufficient to encompass all claylicks and representative habitats) was
calculated (Figure 3.1). This area coveB&g700 knf, of which5,704km?(16%) was
floodplain forest an@8,021km? (78.5%) wadierra-firme. The remaining area 1,975

km? (5.5%)- consisted of rivers, roads or anthropogenically modified habitat.
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Figure 3.1: A map of the Madre de Dios department of Peru shov;/ing surveyed rivers.
Light grey fill indicatedierra-firme forest, dark grey indicasefloodplain forest, white
indicates other land types including river edge and anthropogenically modified
landscapes. Dots indicate parrot or macaw claylicks. Red dots indicate position of
claylicks for which monitoring of bird activity took placei TRC, 21 Gato, 3i

Hermosa complex (consisting of the claylicks Hermosa, Blind 1l and EIRiédras.
The thin dark Iine indicates the | imit

For the 3 km buffer the proportion of each habitat encompassedowghly equivalent
(floodplain: 42% vdierra-firme: 45%), whiletierra-firme formed a greater proportion

of the larger 15 km buffer (floodplain: 23% tisrra-firme: 68%). As a proportion of

the total habitat size (amount of habitat in a buffer / em@bunt of habitat in the area) a
greater proportion of floodplain forest was found in proximity to claylicks compared to
tierra-firmef or est ( Fi gur e4=343d=0M)5 km buffer:
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Figure 3.2: The amount of floodplain forest aralra-firme forest as a proportion of the
total surveyarea within combined buffers ofi315 km radiusfrom the nearest claylick

Mean distance lereen claylicks was 5.1 km (ranging from 1.8 to 57.9 km). Average
nearest neighbour analysis showed a significantly clustered spatial arrangément (

7.9, p <0.01), possibly owing to the close association with river features. Claylick
density per rivefclaylicks per tract of river surveyed) was a better measure of claylick
abundance as it included start and end sections of surveyed river, which are not
accounted for in nearest neighbour analysis. Claylick density was highest on the Piedras
(1.1 claylicks per km) and lowest on the Colorado (0.05 per km; Table 3.1). Patterns of
claylick distribution in terms of clustering differed between rivers, showing either a

more dispersed than expected distribution or random (normal) distribution (Table 3.1).



Table3.1: Claylick spatial distribution on major rivers of the Madre de Dios department

of Peru.Parrot species richness is mean number of parrots + S.D.

River Km Claylicks Claylicks  Mean Parrot
formal /10 km nearest  species
survey tract of neighbour richness

river (km)
surveyed

Tambopata 110 11 1.0 8.8 7.6+5.2

Piedras 144 18 1.3 3.5 3.6+24

Amigos 118 14 1.2 2.8 14+1.1

Colorado 91 5 0.5 5.0 2.3+3.7

Madre de 72 12 1.7 10.9 48+35

Dios

Claylick species richness for 62 identified parrot kitkg ranged from one to 16 (mean:
4.1 + 3.8; Table 3.1). A degree of spatial autocorrelation with the number of parrot
species attributed to each lick was deteckédrén's 1= 0.36 Z = 1.88 p = 0.06).

There was significant increase in species richadom east to westy(r +0.26,p =

0.04, n = 65), while there was a near significant negative correlation between species
richness from north to south; &-0.24,p = 0.06, n = 65), suggesting the spatial
autocorrelation may result from higher specieBness to the wesiThere was no
correlation between claylick abundance on a river and claylick species richness on that
river (r;=-0.1,p = 0.8, n =5).

3.4.2 Temporal patterns of claylick use: survey effort and broad

correlations

A total of 1,614 monitoring sessions were conducted at six claylicks (Table 3.2).
Claylicks differed both in terms of daily parrot species richness (Krstkal 1%=s : ¢
824, p < 0.001) and daily feeding (Krusk&fla | | % =s580, pe< 0.001). The largest
claylick (TRC) perienced ten times more daily feeding than the smallest (Blind II).
Standard deviation was higher than the mean daily feeding for all cases except at TRC

and Hermosa, indicating a high degree of variability in daily parrot visitation.
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Table 3.2: A summry of claylick characteristics, claylick use by parrots and monitoring
conducted at five parrot claylicks on the Tambopata River and a claylick on the Las
Piedras River. Species richness and feeding are presented as median, interquartile range
(25" 75" percentiles). For the complex Total Feeding represents the compounded

feeding value.

Complex TRC Gato Piedras
Blind Il El Hermosa Total
Width (m) 15 30 400 400 80 25
Height (m) 5 8 6 25 10 15
Days observation 275 266 344 475 128 126
Speciegichness 2,13 4,15 5,37 9, 711 2,14 2,13
Total # of species 11 11 12 15 16 11 10
Feeding 140, 272, 7127, 1585, 2880, 290, 752,
(birdminutes) 15597 36615 331 815 1215 40-750 251-
1268 2851 5060 1447

The claylick with the highest tak species richness was TRC (16 parrot species) while

15 species used one or other of the claylick complex sites, representing 89% and 83% of
the parrot species recorded in the study area along transects respectively (n = 18).
Species richness was correltvith days monitoring {= 0.94,p = 0.005, n = 6),

while daily feeding was not{r 0.6,p = 0.21, n = 6). Neither species richness nor daily
feeding was correlated with any other physical attribute variables: claylick surface area,
open area of rivein front of claylick, boat traffic or weathers& 0.7,p> 0.1, n = 6 for

all variables).

3.4.3 Community analysis of the parrot assemblage by claylick use

patterns

The PCAanalysis based on feeding patterns at the six claylicks extracted three
eigervalues>1, whichrepresen81%of the total variancé-igure 33). Values used in

the anal ysis are in Appendix 3.1. Althou
proportion of claylicks used formed the principal components of the axes, there was no
temporal pattern or feeding strategy common to all 17 species. There were no groupings
by genus, with the foukra spp. spread across the principal aXdsetwo parrotlet

species were closely grouped, feeding at the fewest claylicks, in the smallest group

sizes,and least oftenSome species that were well represented on single claylicks (e.g.
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Blue-and Yellow MacawAra araraunaandRedbellied MacawOrthopsittaca
manilata)were not recorded at any other claylick. Only five of the 17 species were well
represeted and regular at most of the clayligkedandGreen MacawA.
chloropterusMealy ParrofA. farinosa,Dusky-headed Parakegt weddelliiBlue-

headed Parrd®. menstruusCobaltwinged Paraked®. cyanoptera)

0
3 Seasonality_degree

QO manifata 33.95 %
]
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Figure 33: A PCA plot (axis 1 vs axis 2)f parrot community structure based on
patterns of claylick use for six claylicks across southeastern Peru, with variation

accounted for displayed below eigenvectors.

Individual species patterns of claylick use for the complex and TRC, for which we have
complete data, are presented in Appendix Bl&ck-capped Parake®yrrhura rupicola
was the only species recorded at the complex not recorded at TRCBlueHand
Yellow MacawA. araraunaandRedbellied MacawO. manilatawere never observed
at the complex. Amazonian Parake&tannopsittaca dachilleaeBlue-headed Macaw
P.couloniandWhite-bellied ParroP. leucogasteused the claylicks on less than 10%
of observed days.

At TRC larger species fed on more days (weight vs overall ys€.75,p =
0.001, n = 17); for longer (weight vs feeding counts: 0.81, p < 0.001, n = 16) and in
the largest groups (weight vs mean highs 0.63,p = 0.007, n = 17). Weight was not
correlated with these indices for the complex (overall yseOrl6,p = 0.54, n= 17,
feeding counts:s=-0.12,p = 0.68, n = 17; mean highs # 0.13,p = 0.65, n = 17),
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where instead species that fed in larger group sizes fed for longer (correlation feeding
counts and mean high complex=r0.67,p = 0.006, n = 15; TRCs=0.49 p =0.06, n
=16;).

3.4.4 Seasonal patterns of claylick use

The degree of seasonality (ratio of claylick use for the three highest months to three

lowest months) contributed 34% of variabilityttee main axis othe PCA, and species

values are presead in Appendix 3.1. The highest score (representing least change

between seasons) wRedbellied MacawO. manilata(0.3), while the species with the

lowest scores (greatest seasonality) vigdtee-headed Macaw. couloni(0.02) and

White-bellied ParroP. leucogastef0.04). Eight species of 11 that were recorded

feeding at multiple claylicks, show similar monthly feeding patterns among the
Tambopata claylicks ( Pear-diguned3sl). Theratwas ar i t
no correlation between parrot ight and the between lick similarity coefficients (r =

0.33,p = 0.33, n = 11). The mean of the coefficients for 15 parrot species was 0.15 +

0.08, suggesting a fairly consistent pattern of variability for the assemblage.
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Figure 3.4: Daily claylick uséor ten parrot species showing monthly variation for
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3.4.5 Diurnal patterns of claylick visitation by parrots

Daily feeding strategies could be divided into two broamigs: one group where 95%

of feeding occurred before 08h00, and the rest where less than 50% of feeding occurred
during this time period, but which instead usually fed from-maning onwards
(Figure 3.5). The Oear | y nngtemspatigsbellog-r o u p
crowned Parro. ochrocephalaMealy ParrofA. farinosa,Redbellied MacawO.
manilata,Blue-headed Parrd®. menstruusyhite-eyed Parakeet. leucophthalma,
Orangecheeked Parrd®. barrabandi,Dusky-headed Parakeét weddellii, White-

bellied ParroP. leucogasteandBlue-headed Macaw. couloni.The species that feed

at any time of the day includBlue-andyellow MacawA. ararauna Cobaltwinged
ParakeeB. cyanopteraBlack-capped Parakeé&t rupicola Scarlet MacawA. macag
Redandgreen MacawA. chloropterusandAmazonian Parrotle¥l. dachilleae Of the

later group Ara spp fed mostly mignorning, whileCobaltwinged Parakeds.

cyanopterded mostly in the afternoon. Similarities among sites, based on hourly
feeding, werdnighest for species that fed in the early morning, and lowest for the late
morning feederScarlet MacavA. macaoandRedandGreen MacawA. chloropterus

Daily feeding trends foRedandGreen MacawA. chloropterusandScarlet MacavA.
macaowere more sintar between species for individual sites than for the same species
at different sites as these species often fed together.
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3.4.6 The proportion of parrots that use claylicks

The proportion of the local parrot population using claylicks varied widely (Figure 3.6;
Table3.3). Visitation rates were lowest fBtack-capped Parake€t rupicolaand
White-bellied ParroP. leucogastemrepresented by the lowest proportion of birds at the
claylick as a proportion of the population. The species represented on the claylick as a
high proportion in relation to density wetdestnufronted MacawA. severusDusky
headed Parakeét weddelliandWhite-eyed Parakeek. leucophthalmd all species
associated with secondary forests. For the densities used to account for the mean
claylick high counts, alDusky-headed Parakeét weddelliwould have had to have
come from a 150 kfrarea,Chestnuffronted MacawA .severugrom 110 knf, and
White-eyed Parakedi.leucopthmalmaandYellow-crowned Parrof. ochrocephala

from 30 knf.

< 1.0 -

E 0.9 - —eo— A.severus

© —u— A weddellii

§ 0.8 A

= A.leucophthalmus
$ 0.7 —s—— A.ochrocephala
[}

% 0.6 A —x— P.barrabandi

5 0.5 4 —=e— A.ararauna

IS, .

L 04 —+—— P.menstruus

S | v\ N\ YNy - A.chloropterus
2 0.3 1

S — — — B.cyanoptera

5 0.2+ —o— A.farinosa

=

§_ 0.1 - - -0- - A.macao

a 0.0 P.rupicola

x—— P.leucogaster

km radius

Figure3.6: The proportion of the population that could be feeding on the claylick for 12
species of parrot in relation to increasing distéfnme a claylick. Proportion values are
based on regional population estimates (Chapter 4) and the mean maximum rfumber o

birds for five claylicks.
Less than 10% of the parrots within a 10 km radius of either TRC or the claylick

complex fed on a daily basis overall, with most species represented by less than 1%

(Table 3.3). At both sites the species represented mogirapartion of local density
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on the claylicks wer€hestnufronted MacawA. severusndDusky-headed Parakeet

A. weddellii.At the complex there was a significant correlation between claylick use
and local density {= 0.66,p = 0.03, n = 11). At TRC thisorrelation was weakers(*
0.57,p =0.07, n = 11). More abundant species were seen at the claylick on a greater

proportion of days at TRC than rare species (.8,p = 0.003, n = 11).

Table 3.3: Parrot population within 10 km radius of the claglidN), mean maximum
counts of birds in the area of the claylick for the complex and highedaglick counts
for TRC (claylick), and the proportion of N represented by the highest counts
(claylick/N).

Complex TRC

Species N claylick claylick/N N claylick claylick/N

Duskyheaded Parakeet 207  94+35 45.3% 207 23 10.8%

Chestnuffronted Macaw 57 19+10 33.9% 57 18 31.9%

White-eyed Parakeet 138 1317 9.7% 480 49 10.1%

Yellow-crowned Parrot 283  25+18 8.9% 88 9 10.5%
Orangecheeked Parrot 283  20+12 7.0% 1225 13 1.0%
Blue-headed Parrot 1256 43+18 3.4% 2305 32 1.4%
Mealy Parrot 3564 96+71 27% 5432 49 0.9%
Cobaltwinged Parakeet 4481 96178 2.1% 575 50 8.6%
Redandgreen Macaw 955 14+9 1.5% 1118 15 1.3%
Scarlet Macaw 314 33 1.0% 3847 10 0.2%
Black-cgpped Parakeet 3347 22+9.8 0.7% 0 0

White-bellied Parrot 3454 442 0.1% 1134 5 0.5%
Blue-andyellow Macaw 66 0 0.0% 1130 11 1.0%

3.5 DISCUSSION

3.5.1 Claylick spatial distribution

Claylicks were common along allghiver edges surveyed in soe#sten Peru and

there is no reason that rivers that were not surveyed in the region will not also likewise
have at least a parrot claylick petagL0 km tract of river, anthropogenic disturbance
aside. A greater proportion of floodplain forest occurs withikrhSadius of a claylick
compared taierra-firme forest, so claylicks are thus easily accessible for parrots within
floodplain forest types. Whether parrotdiefra-firme areas survive long periods

without clay, travel longer distances to visit clayickr whether they instead use

claylicks of the forest interior or alternative resources is still unclear. Several parrot
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species were observed feeding on termitaria during this study, and a wide variety of
primates have been observed feeding on termiariass the Amazon (Ferrari et al.,
2008).

A surprising result of this study was the very low proportion of the potential
local population that are observed at known claylicks on a daily basis overall, given the
apparently large numbers of birds that barseen in the area. Radiollared Mealy
ParrotsAmazona farinosaisit claylicks around once every four dayisié G. Powell,

2009). My study would suggest that individuals of most species would not visit more
than this if coming in from >5km away, althgh individuals probably vary widely in

their visitation rates based on their general proximity to claylicks, their physical

condition and consequent need to visit the claylick, dietary patterns and breeding status.
Few of these variables could be quaatfduring this study.

Whether species associated with secondary habitats use claylicks more based
simply on resource proximity, or on dietary deficiencies is still a matter of speculation.
The role of claylick dependence in relation to diet is furthecuised ilChapter 5.
Successional forest makes up a small proportion (<5%) of the total habitat types in the
area considered here, but species preferring successional forest can be very abundant
within this habitat type (Cowen, 2008) although they appeaaiatively uncommon
over the wider landscape. The apparent large areas from which the local population
would need to be recruited to account for the numbers observed on the claylicks are
most likely an overestimate given that regional density estimades wged that
encompass a range of habitat types. However, since successional forest tends to be a
linear habitat following the course of rivers, successional forest specialists would still
need to travel the furtheahd/or most regularlyn order to accont for the larger
numbers of birds seen on the claylick.

From facial photographs Munn (1992) determined that individuals were
revisiting the observed claylick every second to third day and estimated that the lick
was used by between 250 and 350 individnatawdy identifying individuals based
on unique feathering patterrithis is the case and macaw abundance is 2 peér km
(Chapter4T er bor gh et al ., 1990) then the Ocat
km?, i.e. the claylick had an approximasalius of 7 km. Since distances between
claylicks ranges from 2 to 10 for the five rivers surveyed there is probably little need to
travel more than these distancBiie-and Yellow MacawsAra araraunawith satellite

collars seasonally range up to 150 kom claylicks (Brightsmith unpublished data.)

78



andRedbellied Macaw€D. manilatavisit TRC from a palm swamp 13 km away, so
claylick influence is likely species and site dependent. Use of the series of claylicks
situated only a few kilometres apart sudgdbat parrots can be flexible in their claylick
choice over the medium scale as they were willing to travel several kilometres back and
forth in order to select a site that best suited their needs. With terrestrial mammals,
White-tailed DeerOdocoileus viginianusshowedno increase in density around licks

and travled severakilometresto visit licks (Wiles and Weeks, 1986), while Lowland
Tapir Tapirus terrestrugravelled up to 10 km from clearly defined home ranges to visit
licks (Tobler, 2008)

Although all parrot species recorded in southeastern Peru were recorded feeding
on at least one claylick, no claylick was used by all members of the parrot community,
with some species showing strong site affiliatiGlaylicks with a large surface area
generdly attract more parrot specieShapter 2, while site specific features, e.g.
vegetation cover, impact the vertebrate assemblage as a whole (Brightsmith et al.,
2009). Species richness from single site surveys indicated uneven patterns of species
use asgecies richness increased westwaldgo environmentafradients may explain
the longitudinathange in claylick species richness from east to:iiestly, parrot
species richness wanigher in the northwedRosefronted Parakeet/Painted Parakeet
Pyrrhura roseifrons(picta) andTui ParakeeBrotogerissanctithoma@ccur frequently
in that aredGilardi and Munn, 1998, Terborgh et al., 1998t were never recorded
along the Tambopatar Piedrasivers duringthethree year census peridgecondly,
anthropogenic influence and resulting disturbance and habitat modification increases
eastwards, with the areas largest town Puerto Maldonado located towards the east of the
departmentalong withthe Interoceanic highway connecting this town to Brazil.

Total feeding at the isolated claylick at TRC was greater than at the claylick
complexes. Difference in parrot abundance does not explain relative use between the
sites, which is much higher at TRC in relation to local parrot densities (CHapter
Since parrot$eed in groups, a critical group size needed for birds to feel secure and
descend to the clay may not be reached if birds are spread between sites and birds that
feed in the early morning only may lose the window of feeding opportunity if they
travel betwen claylicks. As TRC is an isolated claylick with nearest neighbour
claylicks greater than the mean for the region, the catchment area is probably greater
(birds over a wider area have no choice but to visit this claylick), while for communities

offered achoice of claylicks, not only will use at any individual lick be lower, but the
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chances of the minimum number of birds being recruited in order to start feeding will be

lower.

3.5.2 Temporal patterns of claylick use

The parrot community showed greatia#ion in terms of how many claylicks are

visited, seasonal patterns, group sizes and rates of visitation. Within the parrot
assemblage there were no clear species groupings based on claylick use in the PCA
analysis, suggesting against any phylogenetitsiasclaylick use or claylick use
strategies. Seasonal trends followed similar patterns for most species, except those
associated with secondary forest typ#se AratingaspeciesCobaltwinged Parakeet

B. cyanopterandChestnutfronted MacawA. seveus These species are all commonly
associated with disturbed or secondary habi@tepter 5,Juniper and Parr, 1998).
Seasonal trends at the TRC claylick have been commented on before (Brightsmith
2004) and are most likely related to the species breasdiagpn for species where the
pattern repeats annually as chicks are regularly fed clay in their diet (Brightsmith et al.,
2010). Since the seasonal patterns, like the diurnal patterns, are observed at multiple
claylicks across the region, these are euigaaiso speciespecific trends mediated by
factors such as food availability, diet, and nesting. Since there is dietary partitioning in
this parrot community (Chapter 5), differing seasonal patterns of food availability may
influence breeding season, asubsequently claylick use (see Brightsmith, 2006).

Three key diurnal periods for claylick use were identified in this study: early
morning for most parakeets and all parrots, late morning for large macaws, and the
afternoon period fo€obaltwinged ParkeetBrotogeris cyanopteralhese temporal
patterns have been observed previously by Burger and Gochfeld (2003) at a claylick on
the Manu €.150km NW of the Tambopata Research Centre), suggesting diurnal trends
in claylick use are species specific andlgpp the region, and are not mediated purely
by local claylick physical or environmental characteristics. Although aggression
increases with increasing group sizes (Shaw, 2008, Burger and Gochfeld, 2003), most
of this aggression is intigpecific and doesot suggest that space is a greatly limiting
factor leading to the different feeding strategies. Parrots preferred to feed together and

would often leave large areas of the clay unoccupied.
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Alternate explanations to could explain peaks in early morratigity at the
claylick include voiding during the night leading to extreme hunger in the morning.
However, if this is the case then | would not predict that the birds would choose clay
over other available food choices on which to feed, as disturbanlegy/latks, both
natural and anthropogenic, means there is a lesser chance of ingestion compared to the
targeting of previously identified foraging trees (Chapteroder 30% of foraging
encounters with parrots on food trees were repeats i.e. birds ve¢isdig@aware of
available food items). Since food availability was never less than 10%, either with fruit
or flower availability, and that claylick use was not correlated with periods of lowest
food availability, would indicate that it is unlikely thatdé eat clay simply to satiate
hunger pangs in the early morning. In addition, Houston et al. (1988) suggest one would
not expect the energy budgets of small birds to be so closely balanced that they need to
forage for calories immediately in the mornidthough early morning activity is
observed in nectarivores in the early morning under sometimes energetically
unfavourable conditions, this behaviour is determined by a limited resource that needs
to be accessed early (Timewell and MacNally, 2004). Itrast) clay is available for
consumption at all times. When nectarivores change their feeding habits to insectivory,
then they adapt their feeding times to correspond with peaks in insect activity (Timewell
and MacNally, 2004). Increases in early mornintivéty have been observed as
Omi gr atory r es-fated dosayeaters lichenastonyus ¢hilysops, a
seasonal diurnal migrant (Munro and Munro, 1998). Since increased claylick activity is
associated with breeding season, when birds should betalssdentary, this has little
bearing on early morning activity patterns.

Instead, diurnal claylick use patterns may reflect four predator evasion
strategies. Successful attacks on parrots and parakeets by Collareddtovest
Micrastur semitorquatyOcelotLeopardus pardalisnd Ornate HawdeagleSpizaetus
ornatuswere recorded at Blind Il and unsuccessful attacks have been observed at
Piedras by the aerial pursuit raptor the Orabiggasted FalcoRalco deiroleucus
Predation may thus explain the l@pecies richness for this small claylick located off
the main rivey compared to other claylicks where predation events and attempts were
rarely observedwith respect to diurnal strategies, it thus appears to be that all parrots
and most parakeets feedrly toavoidav i an raptor activity (Ca
Roth, 2007. Secondly, large macaws which have relatively fewer avian predators feed

later, where they also appear to use the area around the claylick as a social staging
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ground (Lee, 2009b)hirdly, Cobaltwinged Parakedrotogeris cyanopteravhich
was the areas most common parakeet (Chapter 4), fed in the largest, noisiest groups and
thus may rely more on protection from its own numbers than in a temporal feeding
strategy aligned with othapecies. LastlyBlack-capped Parake®&yrrhura rupicolg
which also fed later in the day, was quiet, fed in small groups concealed behind
vegetation and hence appears to rely more on camouflage and stealth as a predator
evasion technique. This may alsgkin why this widespread species fed on all but the
largest claylick, which was the most exposed of the claylicks. Diamond et al. (1999)
also speculated that bird nervousness and patterns of early morning feeding observed at
a geophagy site in Papua N&minea were due to the need to avoid predators.

How far and how often birds travel to visit claylicks has yet to be quantified,
however this study and deductions from previous studies would suggest that there is
little need to travel more than 10 km odaily basis for st species of parrots in
southeastern Peru due to the abundance of claylicks across the landscape. Species which
usetierra-firme habitats would often need to travel further, but it was the species
associated with successional forestsclhwere best represented at the claylicks.
Claylicks characterized by their species assemblage are a unique combination of local
species composition and abundance, as well as claylick physical features. Temporal
patterns of claylick use should be of ugedurist companies in order to maximise
viewing opportunities for tourists. Guidelines for appropriate tourist enterprise

behaviour are addressed in Chapter 6.
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Appendix 3.1: Table with claylick feeding related values used in-B&@#elation

analysis. \alues represent mean values for six claylicks. Daily appearance was the
proportion of days a species was present at a claylick; birdminutes was the mean daily
sum of five minute counts on the claylick; group size was the mean number of birds
recorded durig five minute countsvhen the species was presesgasonality degree

was the mean daily feeding for the three lowest consecutive months as a proportion of
feeding for the three highest consecutive months; claylicks used was the proportion of
the six clayicks that were used; daily feeding patterns was scored as 1 for species
feeding mostly before 8am and 2 for species recorded feeding mostly after 8am;
seasonality similarity was the score among claylicks based on monthly similarity

(Pear sono sfsimilargyf. f i ci ent o

Species Days seen Birdminutes Group Seasonality Claylicks Daily Seasonality
(%) Size degree used feeding similarity
pattern
Amazonian Parrotlet 0.2% 0.1 3.3 0.155 0.333 2 0
Black-capped Parakeet 17.7% 32.5 7.0 0.269 0.667 2 0.15
Blue-healed Macaw 4.7% 4.3 3.7 0.02 0.5 1 0
Blue-headed Parrot 48.3% 109.9 13.8 0.249 1 1 0.85
Blue-andyellow Macaw  13.0% 34.9 10.7 0.223 0.167 2 0
Chestnutfronted Macaw  33.9% 48.8 6.6 0.202 1 1 -0.28
Cobaltwinged Parakeet 16.6% 174.7 32.3 0.125 0.833 2 0.73
Dusky-billed Parrotlet 0.8% 1.2 4.2 0.155 0.5 2 0
Dusky-headed Parakeet 42.5% 85.0 48.5 0.256 1 1 0.68
Mealy Parrot 42.3% 179.4 19.8 0.121 1 1 0.9
Orangecheeked Parrot 34.5% 35.6 6.5 0.097 1 1 0.87
Redbellied Macaw 14.1% 72.1 29.4 0.309 0.167 1 0
Redandgreen Macaw 41.6% 206.0 11.5 0.137 0.833 2 0.79
Scarlet Macaw 23.5% 38.0 4.0 0.068 0.833 2 0.8
White-bellied Parrot 8.9% 6.1 4.0 0.045 0.333 1 0
White-eyed Parakeet 11.9% 86.5 11.8 0.074 0.833 1 -0.1
Yellow-crowned Parrot 31.6% 24.4 5.8 0.133 0.833 1 0.72
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Appendix 3.2: Four measures of feeding patterns for 17 species of parrot at the complex and TRC indicating: propodion oty
feeding was recorded (Overall use), mean daily feeding measured in bird minutes (Birdminutes), meaardafy5 minute feeding counts
(Feeding counts), the mean of the highest daily 5 minute count (Meanmighlues for Feeding counts and Mean high are presented for
species feeding with Overall use >0.010 for both Complex and TRC. Feeding countsamtilyh were based on individual claylick data for

the complex. * = p < 0.001.

Overall use Birdminutes Feeding Mean high
counts

Complex TRC  Complex TRC P Complex TRC p Complex TRC p
Amazonian parrotlet 0.2% 0.6% 0.1+1 0.4+6 0.16 4.5+2.1 1.7+£0.6 1.5+0.7 6.3+3.8
Black-capped Parakeet 72.5% 0.0% 177.9+252 0 * 8.9+11.8 8.84£7.0
Blue-headed Macaw 0.6% 27.2% 0.1+1 25.6x101 * 2.0+£1.4 2.7+2.3 1.0+0.0 3.0+2.2
Blue-headed Parrot 92.5% 79.8% 162.5+162 433.0+683 * 4.1+2.6 6.4+3.7 * 10.2+8.9 32.1+324 *
Blue-andyellow 0.0% 78.1% 0 209.7£258 * 9.7£7.6 11.1+7.7

Macaw

Chest:fronted Macaw 81.6% 88.4% 70.7+78 262.4+303 * 3.3¢1.9 6.5+3.6 * 6.4+5.1 18.2+17.5 *

Cobaltwinged Parakee 47.8% 17.3% 638.2+1746 155.0+620 * 8.2%6.6 4.5+3.8 * 39.3+60.4 49.8+51.7 0.015

Dusky-billed Parrotlet 0.1% 0.4% 0.1+1 0.1+1 0.25 3.0+2.0 1.5+0.7 1.0+0 1.5+0.7
Duskyheaded Parakee 92.2% 56.4% 417.8+404 144.4+225 * 45+2.9 3.6£2.2 * 25.1+20.0 22.6+17.7 0.331
Mealy Parrot 81.9% 84.8% 332.0+535 842.3+1272 * 3.9+2.7 7.0+£3.9 *  18.4+24.4 49.0+60.6 *
Orangecheeked Parrot  76.3% 66.5% 60.5+99 122.4+183 0.006 3.4+2.6 5.5+3.4 * 57457 12.7+11.2 *
Redbellied Macaw 0.0% 84.4% 0 432.8+568 * 6.0+3.5 31.5+27.2
Redandgreen Macaw 88.4% 58.7% 243.4+246 293.3x377 0.51 13.1+9.7 10.149.1 * 8.145.2 14.8+11.4 *
Scarlet Macaw 14.7% 77.7% 3.0+9 203.1+356 * 2.9+2.0 8.9+8.3 * 1.840.8 9.6+9.8 *
White-bellied Parrot 3.4% 50.5% 0.8+6 36.8+69 * 2.9+15 4.1+2.8 2.9+1.6 5.2455

White-eyed Parakeet 36.3% 43.8% 14.3+47 513.0+1490 * 2.6+1.8 6.6+4.9 * 4550 48.8+72.5 *

*

Yellow-crowned Parrot 77.8% 70.7% 70.7+95 72.8+101 0.38 3.7x2.4 3.7+2.1 0.47 6.716.7 9.3x8.4
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Chapter 4: Parrot abundance: detectability and variability with

claylick proximity, season and habitat type

4.1 SUMMARY

The Amazon basin holds very high parrot richness but almost nothing is known of
parrot population densities in the region or how these vary across species, habitats, sites
and seasons. Such data are becoming increasingly important as environmegel cha
impacts on increasing areas of the region. Parrots are notoriously difficult to survey,
especially in tall and structurally complex foresésthree year swey using a line
transect distance sampling methwals conducteth floodplain andierra-firme forests

at threesites in the Tambopata region of southeast R&ogervers who contributed less
than 100km of transect, even after two months of training, were not as adept at
encountering perched parrots and results were discarded. In order to foortteet

likely violation of the assumption that all birds on the transect line are defg¢@®et

1) a multiplierbased on calling rates of birdas calculatedMultipliers for g(0) differ
betweerspecies, but not season or diurnal period. Thitatktielded density

estimates - 31 percent higher than those from the standard DISTANCE methnad.
highest density estimates were ~20 birds pef, kmt density estimates for most species
were in the order of 0:10 per km. Parrot densities were higher Inddplain forest

than intierra-firme forest and densities were significantly lower during the wet season
in floodplain forests. The parrot communitiegiefra-firme forests were similar across
sites and seasons, but those in floodplain forests diffeisly across sites and
seasonsThe multipliers produced in this study were produced from a +yedtr study.
However, the small seasonal variation in call rates suggests that similar multipliers
could be produced fairly quickly in conjunction with sfgecific surveys in other

tropical forests. Doing so will improve density estimates.

9C



4.2 INTRODUCTION

Parrots are among the most difficult families of bird in the Neotropics to identify and
censugWhitney, 1996, Snyder et al., 200@)though the presee or absence of

parrots is now fairly well documented for the lowland forests of Regu Valqui,

2004) few density estimates have been produ@ddyd, 2004) For some species, such
as the AmazoniaparrotletNannopsittaca dachilledisted ad Ne &r ed@t ened 6
(BirdLife International, 2007ajlmost no field data are available, while basic density
data on even one of the most widespread Amazonian spingesarletmacawAra

macagq listed agd eastConcerd(BirdLife International, 2007bare extreraly limited
(Karubian et al., 2005)or the longterm management of relatively rare or threatened
species, unbiased estimates of density, which incorporate some estimate of detectability,
are more valuable than presence/absence or relative abundahes,cas provide
managers with comparable survey results over time or ¢Backland et al., 2001)

Recent efforts have been made to estimate macaw populations using Distance
sampling techniques (e.g. Haugaasen and Peres, 2008). Distance samplingp& the m
widely used technique for estimating abundance of wild animal populations (Buckland
and Anderson, 2004). Distance sampling methods have now been used in a wide range
of habitats and regions, and at a broad range of spatial scales (Buckland et al., 2008
These results are generally favourably reviewed in empirical tests, as long as the
important assumptions are addressed (e.g. Hounsome et al., 2005, Nelson and Fancy,
1999).The most critical of the assumptions &tandard Distancgampling(apart from
accurate species identificatios)thatsubjectson or neathe transect line or observation
point have to béetected with certainty (assumptiongg0) = 1). This assumption is
rarely tested, but needs consideration (Bachler and Liechti, 2007) egpieciall
structurally tall and complex tropical forest environments where parrots may spend
large amounts of time perched quietly and not vocalizing. Since over 90% of group
detections in previous studies have been by call (Lee, 2005), vocalization ratéoneeds
be maintained above a certain level in order to assume that groups will be detected.
Violations of distancesampling assumptions may be frequent in heavily forested
habitats, where both availability for detection and probability of detection on the
trarsect line (or point) are likely to be <1 (Gale et al., 2009). | know of no parrot study

that has tested this assumptfoncanopy birds
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Distance sampling and density estimates have been used to determine habitat
preferences (Lloyd, 2008), as local patteof species richness, abundance and
composition often vary in response to spatiotemporal fluctuations in resource
availability (Bissonette and Storch, 2007)udes have shown parrot preference for
different habitat types or successional zaff&sbinsam and Terborgh, 1997, Haugaasen
and Peres, 2008)he two major forest types in Amazonia are floodplain (inundated)
forests and uplantierra-firme forests that can be readily determined from satellite
images and plant composition on the ground (Salovasrala 2005). Floodplain
forests of western Amazonia tend to lérephic (Tuomisto, 2007), and eutrophic
forests appear to be more productive and to sustain a greater vertebrate biomass than
oligotrophic forests (Peres, 2000). Although seasonal moverhame been
demonstrated to occur between these forest types in understory birds (Beja et al., 2010),
these differences have not been quantified for the canopy specialists such as parrots.

Southeastern Peru has the highest concentration of parrot gewjteagy
(claylicks) in the AmazonGhapter 2. The impact of claylick presence on parrot
movements and abundance has not been quantified in any previous study, although
Brightsmith (2006) noted a correlation between food abundance, parrot encounter rate,
par ot nesting and claylick use at the reg
to quantify the presence of claylick to determine if seasonal changes in encounter rate
are dependent or independent of their presence.

4.2.1 Aims

Firstly, estimate paot densities and factors influencing them in lowland Amazon
rainforest of southeastern Peru; secondly, check the distance sampling assumption g(0)
=1 using a multiplier based on vocalization rates. To achieve this | have the following

objectives:

1. Quantify patterns of detection that may influence the assumptiorrg(0)

2. Estimate parrot abundance in two major lowland Amazon habitat types (floodplain
andtierra-firme).

3. Determine seasonal changes in abundance at the landscape level in relation to

claylick proximity
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4.3 METHODS

4.3.1 Study site

Bird surveys were conducted at sites within the Tambopata National Reserve (TNR)
and associated buffer zone (BZ), southeastern Réd600haand186450 ha

respectively (Salmon et al., 2003)). The resdiws adjacent to the 1.09 million ha
BahuajaSonene National Park. Major forest types according to Salmén (2003) are
floodplain (TNR: 32.68%, BZ15.44%) andtierra-firme (TNR: 62.58%, BZ: 83.17).

All sites were located on the Tambopata Rivdovagradent whitewater riverthat
meanders through%®10 km-wide floodplain ands flanked byterracesup to30 m

high. Surveys were conducted between 350 and 195 m asl. Vegetation is mostly humid
subtropical forest. Rainfall ranges between 1600 and 3300 mrtemperature between
10°Cand38°C(Rasanen, 1993, Tobler, 2008, Brightsmith, 2004). Research was carried
out from three bases: Posada Amazonas lodge (Posada), Refugio Amazonas lodge
(Refugio) and Tambopata Research Centre (TRC), all administered bytbarem
company Rainforest Expeditions. Posati2®°(48.102'S69° 18.022'W} is located on the
edge of a 2000 ha local community reserve and the Tambopata National Reserve. All
transects at this site were within five kilometres of two riverside parrdiciay

Refugio (12° 52.442'S69° 24.641'W is located 14 km soutwest of Posada on a

private reserve. The closest parrot claylick is the El Gato claylick complex, over five
kilometres west and all sampling was conducted between five and ten kilomatnes fr
this claylick. A mammal claylick at Refugio was known to attRtrhura rupicola

The regionds | an3f 80338568 Ba6ydVyisc3k kmasouthwle®® C  (

from Refugio and 50 km from Posada.

4.3.2 Transect survey

At TRC andPosaddive transects were orientated away from the claylick in order to
determine the change in encounter rate in relation to distance from the claylick. At
Refugiotransects were placed in the two major forest types with no specific orientation
Floodplain transectaere located mostly in mature forest types, being the representative
of the regionTierra-firme forest includedo-longer floodederraces of the Holocene

floodplain of thelocal rivers and ancient Pleistocene allueiraces(Rasanen, 1993).
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Variablewidth line transect surveysere usedo estimate the densities of the focal
species following the methods of Bibby et(4998) Twice per month, between

December 200andDecember 20081p to15 transects totalling9 km in lengthwere
surveyed, subjedb weather and logistical constraintéorning surveys were

conducted from daybreak, which varied from 05h00 in December to 05h45 in July,
finishing at 11h00 at the latest. Afternoon surveys were conducted from 15h15 to
17h30Q Generating precise densitgtenates usually requires considerable survey effort

to obtain sufficient sample sizésee Buckland et al., 1993, Buckland et al., 2001).
Reuvisiting survesites rather than setting up new ones, has obvious advantages as a
means of increasing sample siznd is used commonly in distance samp{Bugckland

et al., 2001, Rosenstock et al., 2Q0&)order to monitor eackilometresection at the

same time of dayral the same number of times, during 2006 transects were subdivided
into threetransects of legthstwo, three, fourandfive kilometres. Sampling was

conducted in both directions along the transeéatsm 2007 to 2008 four kilometre
transects along the same routes were conducted to monitor year on year seasonal change
in a way that optimised birdetiection rate and transect length as transects of greater
length showed a marked decrease in group encounter rates four hours after the survey
start (Lee, 2006), as observed in other studies from tropical forests (Manu and
Cresswell, 2007).
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Surveys were carried out throughout the year at Refugio and Posada sites by three main
observers (AL and two fulime field assistants seechapteracknowledgements).
Supplementary observation was taken by-pare field assistants. l3erversvere

trainedin speciesdentification and visual and aural distance estimation by testing them



and then confirminghe distance to observed birds and other random objects with a tape
measure or rangefinder. The onsitemmum training period (excluding parival
training using online material) was six weeks, with most observers only conducting
surveys alone after eight week3bservers were rotated amagitesto reduce potential
observer biagGroup encounter rates amdlividuals recorded within 30m of the line
transect were log transformed and compared withveaae ANOVA and Tukey post
hoc tests to compare among observers. Thirty metres was used as a cut off point as
distances beyond this point were more often eséndat t han fMmekHBSpced ( 6
0.001) and it is recommended that recorders concentrate on bird detections within 30 m
of the line transect (Buckland et al., 2008formation on group and individual
encounter rates are presented as mean * standaati@®wvhile density estimates (D)
are represented as individuals per square kiloraestandard error.

On each transect, observers recorded (1) focal speciesr{®er of individuals
and the confidence of the observer of the group count (accuratenb@iaghan 90%
confident) (3) detection cuévisual, vocal, foraging or wingbgat4) activity (perched,
flying, perched then flying or flying and then perched, (5) if the encounter was visual or
aural only (6 position along the transect,)(@erpendicudr distancefrom the transect
line to groups of perched birds up to 200m on either side and 100m ahead or behind of
the observerFor auralcontacts, mean group size for that species was substituted for the
missing group size valuellean group size was lcallated from accurate group counts
from towers (see below) for three month intervals, with the appropriate mean for each
three month period substituted for missing values. This was done to account for possible

changes in group size with season.
4.3.3 The influence of call rate on detection probability

Variation in the ability of observers to detect birds is strongly linked to bird vocalization
and this can vary on an hourly and seasonal basis (Blake, 1992). Vocalization rates (call
rate) was used to aallate approximate values for g0y each speciesf parrot To

attain g(0) = 1, | assumed that an appropriate call rate is a minimum of one vocalization
per six minutes, since it takes six minutes to cover 100 meters of transect, with 100m
being the legth of transect around the observer within which perched groups of birds

were recorded.
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Call rates of visible birds were monitored from vantage points, which consisted
of two 30m+ towers and two 20m+ river bank vipaints. Observations were
conducted omll groups of flying and perched birds from December 2005 to December
2006, and then only for perched birds until December 2007. The following information
was recorded for each encounter: Time of onset of encounter, species, group size,
distance from obseation point in three distance bands (<100m,-20@m, >200m)
based on key features measured with a rangefinder, number of vocalizations (classified
as a discreet note or joined notes of up to 3 seconds in length), and time for the end of
the encounter (dimed as birds lost from view, change in group size or change in
behaviour from perched to flying). Krusk@lallis tests were used to test differences in
cal l rate between species and months. Sp
determine relations b&een body size and call rate.

4.3.4 Density calculations

Density estimates we produced using the DISTANCEXSprogram(Thomas et al.,
2006) Forsoftware settingd,followed the recommendations of Buckland et al. (2001)
andthose used by others fostanating the densities t¢drge birds from similar
rainforest environmeni¥innaird et al., 1996, Marsden, 1999, Anggraini et al., 2000)
For all species, birds were entered as clusters and distance data were grouped
automatiadistance bandsy thesoftware. Both aural and visudétectionsvere
combinedFlying then perched groups were not included in calculating distances as
they violate the assumption of distance sampling that only birds originally in the area
are recorded (Marsden, 1999). Perched perched then flying groups are hereon
referred to as perched birds except where the difference is impditzaels were fitted
using the automated sequential seleciomd t he Akai kebdés I nfor ma
stopping rule. Asequential testing dhekeyfunctions and series expansions were
examined to fit detection functions to the d#tay functions gniform, halfnormaland
hazard keywith the cosine simplepolynomialand hermit polynomiahdjustment
termswere tested, as suggested by Bucélat al. (2001)

A varietyof truncation distancesere teste@ndit was generallyound that
truncaating the greatest 50% of distances for observatiomsuallygave the best model
fits, but for speciewith low encounter rates (<30) or best describgdhe uniform

model truncation was based on the largest observed disTanceation distancesere
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choserbased on those that providén lowest coefficient of variation of the density
esimateand then using the lowest AIC function when selectindpdst model among
those with the same truncation distances and other input parameters, following
Buckland et al. (2001 5ignificant differences between groups were determined using
Z-tests.

4.4 RESULTS

4.4.1 Sample effort and issues with multiple observers

Of the 15 fieldworkers who conducted surveys at Refugio and Posada, there was a
marked difference in mean encounter rate between the group who had conducted more
than 100 km of transect compared to those who had conde®®dkm (mean

>100km: 5.7 = &; mean <100km: 3.0 * 4.5:sample itest, unequal variance= 4.13,

df =203 p < 0.001). The group of observers who conducted fewer than 100 km and
observers from the second group whose detection functions showed severe heaping
were discarded for deityg analysis. In the remaining group of six observers (Table 4.1)
the first 100 km of one observer was discarded as detection rates were significantly
lower than subsequent observations. One of these observers had a significantly lower
individual encounterate compared to the remaining observers (F = 6.07, dp=<5,

0.001) Comparing with and without this observer using all records there was no
significant difference between resulting total parrot density estimates (without: D = 50.5
+55 with:D=48+48;2=029%=0.61). This observerds
incorporated in order to improve coefficients of variation after stratification

(stratification being a Distance sampling method for handling heterogeneity in the
survey data, of improving peesion and reducing bias (Buckland et al., 2001)). The
majority of sampling was conducted at two sites (Refugio and Posada), so site results
for species density estimatesT®C are indicative only (Table 4.1).
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Table 4.1: A summary of observer etf¢kiiometres) and encounter rate (individuals
per kilometre) for six observers who conducted more than 100 km of transects from
December 2005 to December 2008.

Sample effortKilometreg Encounter rate
Site:
Observer Posada Refugio TRC Total Mean
1 403 160 53 616 3.7 +3.6
2 473 522 6 1001 2.8+4.6
3 133 251 383 1.8+238
4 110 34 144 41 +8.4
5 72 94 2 168 4.1+34
6 44 56 100 4.1+5.2
Total 1102 866 61 2413

4.4.2 Vocalization patterns by species and season

From December 200 December 2007, 626 observation sessions (2198 hours) of
vocalizing birds were conducted. There was a significant difference between call rate
for perched and flying birdsrediancall rate (calls per minutglerched: 0.90- 4.3, n
= 2542; flying: 15.46.6- 20, n =6597; U = 3293329, Z 45.18,p < 0.001). There
was no significant difference in call rate for perched birds between morning and
afternoon (Posada: U250251 Z =-0.75, p = 0.45; Refugia U =5281.5Z =-1.4,p
= 0.15), years PosadaU = 575942.5, Z =0.78, p = 0.44; Refugia U = 5281.5,Z =
1.44, p = 0.15) or sites (& 255594, Z =0.29,p = 0.77).

Therewas a significant difference betweeall ratesamongspeciegKruskal
Wa | |2%,5293.8p < 0.001).Cobaltwinged Parakeddrotogeriscyanopteraand
Blue-headed Parrd?. menstruusad higher call rates in June (Kruskila | 1%:s : 6
23.7p=0. 01 4%;a346,p <0.001 respectively). There was a negative
correlation between bird size and call rate for birds perchédnaiO0Om of the
observation point {=-0.58, p = 0.039, n = 13). There was a negative correlation
between length of perch time and vocalization rate {0.02,p < 0.001, n = 2331).
Therewas a significant differencia call ratebetweerngroups of bids percheddss than
a minute compared those perchebtbnger than one minufgl minute: 3.2, 0 10.6 n
=364 >1 minute: 0.9, 0 3.5 n=2147 U =261813 Z =-5.91,p < 0.001). Although
this may have implications for detectability over the coufsee@morning if birds rest
more and so call less, | did rfoid a significant decrease in detectability over the



moni toring period between ho%rld8prhen moni
0.915), suggesting that the sampling period was adequatefputposes of uniform
detection.

As calls per six minute period were in some cases extrapolated from events
where perched birds where perched for fewer than six minutes, this introduces the
danger of overestimating a likelihood of a bird remaining urctiiée for the six
minute period (a bird that was observed silent for three minutes and then flew off may
have called if given the opportunity to remain perched for six minutes). In effect though
birds perched less than 6 minutes called significantly pereninute than birds that
remained perched for longer than 6 minutes (median <6 minutes: 12, median >6
minutes: 0.6; ManiWhitney U:p < 0.001, n = 9522) since these encounters were due to
birds flying off, when vocalisations were higher. For birds thetenperched and lost
from view, there was no difference between birds recorded for more or less than 6
minutes (median >6inutes 0.28, median <6: 0.56; MaAWhitney U,p=0.3, n =
212), suggesting that upward extrapolation of detection functions baggdups
perched for less than six minutes is acceptable. However, detection functions should

ideally be based on groups of birds that perched longer than 6 minutes.
4.4.3 Estimating values of g(0)

If the basic Distance sampling assumption g(0) =cbisect, then the ratio of

vocalizing groups to silent groups observed from vantage points should be roughly
equivalent to the ratio of groups recorded to vocalize along the transect to groups where
no vocalizations were recorded. However, detection faggemt groups along transects

was only 4% (n = 2681) of the total number of groups perched within 30m (a distance
most critical for determining detection functions) of the transect for the entire study
period, while the proportion of perched groups rdedras silent from vantage points

was 29% (n = 971). It is most likely that birds that did not vocalize were not detected
and so g(0¥ 1is an invalid assumption.

There was an apparent observer impact on bird behaviour. During transects,
perched birds we recorded in three categories: flying then perched, perched then
flying and perched only. Theoretically (without bird reaction to recorder presence), one
would expect the proportion of flying then perched birds (FP) to equal the perched and

then flying brds (PF). However, thBFgroup were recorded nearly twice as much for
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encounters within 30m of the transect line (FP = 653, PF = 1110). Since the proportion

of events recorded as FP did not differ among obsergars 4.31,p = 0.37) and the

distance was significantly less for PF groups compared to FP groups for all detections

(median, interquartiles FP = 32 m, 160 m, n = 651, PF = 27 m, 1460 m, n = 1105;

U = 326079, Z =3.3,p=0.001), an observer presenaffect is a likely explanation.
Groups of birds that were perched and then flew called significantly more than

perched birds that disappeared in the vegetation or similarly lost from view (median

vocalizations for groups that perched then flew: 1.8) %.2, n = 468; perched and

were lost from view: 0.6, 02.1, n = 175; U = 40682, Z+6.1, p <0.001), so correction

for P and PF groups needs to be treated separately. Thus, a vocalizaibcieat (V)

was calculated as follows:

V =N - D/N

Whetre N is the total number of observed perched groups of birds from tower surveys, D
is the number of groups that vocalized less than once per six minutes. A general

multiplier for g(0) was calculated as follows:

Multiplier for g(0) = (% encs P * ¥ + (% ercs PF * \bp

Where % enc® is the proportion of encounters along transect where perched birds

were recorded as perched only; % encs PF is the proportion of encounters along transect
where perched birds were recorded as perched and then flyingpamd Vprare the
vocalization coefficients for the P and PF groups respectively. These values for each

species are presented in Table 4.2.
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Table 4.2: Multipliers for g(0) for the parrot species of the Tambopata, based on call
rate. D = number of groups olpged from the tower that vocalized less than once per
six minutes; N = total number of groups observed from the tower; V is a vocalization
coefficient (ND/N); % encs = proportion of encounters of either P or PF groups based
on total encounters. Multiplieg(0) = (% encs P * ¥ + (% encs PF * ¥p).

P PF Multiplier
D N V % D N V. % g(0)
encs encs

Black-capped Parakeet 38 151 0.75 047 1 159 0.99 0.53 0.88
Blue-headed MacaWw 5 12 058 050 5 95 0.95 0.50 0.77
Blue-headed Parrot 229 395 0.42 0.57 114 746 0.85 0.43 0.60
Blue-andyellow Macaw 9 26 065 058 3 63 0.95 0.42 0.78
Chestnutfronted Macaw 38 139 0.73 0.53 24 584 0.96 0.47 0.84
Cobaltwinged Parakeet 29 177 0.84 0.75 19 1318 0.99 0.25 0.88
Dusky-headed Parakeet 4 17 0.76 054 1 273 1.00 0.46 0.87
Mealy Parrot 102 316 0.68 0.77 264 1526 0.83 0.23 0.71
Orangecheeked Parrot 10 19 047 046 O 80 1.00 0.54 0.75
Redbellied Macaw 2 5 06 073 7 62 0.89 0.27 0.68
RedandGreen Macaw 148 637 0.77 0.73 102 960 0.89 0.27 0.80
Scarlet Macw 83 296 0.72 0.67 32 259 0.88 0.33 0.77
White-bellied Parrot 38 305 0.88 0.64 9 124 0.93 0.36 0.90
White-eyed Parakeet 3 5 04 038 O 77 1.00 0.62 0.88
Yellow-crowned Parrot 13 41 0.68 0.86 50 271 0.82 0.14 0.70
Aratinga* 0.88

*A modified multiplier was calculated for th&ratingaspecies as too few perched
events were recorded at the species |alife-eyed Parakeet. leucophthalm (5)
andDusky-headed Parakeét weddellii (17))

*Results foBlue-headed Macaw. couloniandRedbellied Ma@w O. manilataare
provided for information only, as densities are based on stratification of results from
Chestnutfronted MacawA. severus

Calculation of density estimates using the multiplier used a different subset of data
based on detection cue comghto standard distance sampling. Standard density
estimations used all distances for perched birds regardless of method of detection, while
corrected values were based on distances for perched birds where the cue was auditory,
as the multiplier was valitbr auditory cues only. Corrected values were used for forest

type, site and season stratifications.
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4.4.4 Density estimates by site, season and habitat

Sufficient encounters (>30) were obtained to calculate density estimates for 15 of 18
parrot speies encountered on transects, either directly or via stratification using
detection function of related species for species with low detection rates. Regional
density estimates for Bldeeaded Macawrimolius couloniand Duskyheaded
Parakeefratinga wedelli were based on detection functions for Chestrarited
MacawAra severusand Whiteeyed Parakediratinga leucophthalmrespectively, as
they are roughly equivalent sizes and occupy similar habitats (Juniper and Parr, 1998).
Resulting density estimaeshould be treated with caution (see Manu and Cresswell,
2007). Although Redbellied MacawOrthopsittaca manilatas similar in size tAra
severushabitat use and flock size differences suggested against calculating density
estimates for this speciesdagl on stratification, so results should be considered
comparative only. Insufficient encounters were obtained for the three parrotlet species
(Dusky-billed Parrotlet~orpus modestysdAmazonian Parrotldlannopsittaca
dachilleaeand Scarleshouldered Pantlet Touit hueti) to allow either individual
density calculations or to allow density estimation by species stratification (the later two
species were never encountered perched along transects). Three species recorded in
other parts of the Tambopata r@giwere never recorded by observers:-Rieduldered
MacawDiopsittaca nobilis Rosefronted Paraked®yrrhura roseifronsand Tui
ParakeeBrotogeris sanctithomae

Density estimates using the multiplier were significantly higher compared to
standard distamcsampling for two species: Mealy Parfomhazondarinosaand Blue
headed Parrd®ionus menstruulable 4.3). These were species with the highest
number of detections and the greatest multiplier respectively. The species with the
highest density walslealy ParrotAmazona farinosél4.74+ 1.78ind/kn?), while
Blue-headed Macawrimolius coulonihad the lowest densitp 06+ 0.05ind/knv).
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Table 4.3: Density estimates for 14 parrot species within the Tambopata region of
southeastern Perapmparing stagard Dstance sampling to results obtained using
multipliers based on detection function. n = number of detections, D = density
(individuals per square kilometre), se = standard error. Significance at the 0.05 level are

indicated by * with Z scores.

StandirdDistance Density using multiplier

sampling for g(0)
Species D £ se N D *se n Z
Black-capped Parakeet 7.3+£1.09 335 8.09+1.21 325 -0.49
Blue-headed MacaW 0.06 £ 0.04 7 0.06 £ 0.05 6 -0.01
Blue-headed Parrot 1.95+0.29 246 284041 228 -1.78*
Blue-andyellow Macaw 0.32 +£0.08 59 0.37 £0.09 55 -0.39
Chestnutfronted Macaw" 0.27 +0.19 24  0.18 +0.09 19 0.42
Cobaltwinged Parakeet 10.36 £ 2.11 394 11.59+2.33 377  -0.39
Dusky-headed Parakeet 0.94 + 0.59 27  0.66+0.41 26 0.38
Mealy Rarrot 10.89+1.31 1617 14.74+1.78 1551 -1.74*
Orangecheeked Parrot 0.72+0.16 75 1+0.21 69 -1.04
RedandGreen Macaw 1.78 £0.31 374 2.17 £0.38 358 -0.78
Scarlet Macaw 1.47 £ 0.49 233 1.74 £ 0.62 219 -0.33
White-bellied Parrot 10.16 + 0.61 659 11.03 +£0.69 635 -0.94
Redbellied Macaw 0.61 +0.33 12 0.61 +0.37 11 0.00
White-eyed Parakeét 0.75+0.28 47  0.96 +0.39 45  -0.44
Yellow-crowned Parrot 0.72 +£0.17 112 1.03+0.24 112 -1.04

" Aratingadensity based on common detection functaimtified by species
" P. couloniandA. seveusdensity based on common detection function, stratified by
speciesO. manilatadensity based oA. severusletection function.

On transects that radiated away from a claylick, there was a significant mtifiare

mean encounter rates among sections of one kilometre length of transect for 14 of 18

parrot species (vay ANOVA, see Appendix 4.1). Overall, perched parrot encounter

rate decreases withsance from claylick (Figure 4.2Species where Tukgyosthoc

tests indicated the first or first and second kilometres formed homogenous subsets

included:Blue-headed Macaw. couloni,Blue-headed Parrd®. menstruusChestnut

fronted MacawA. severusCobaltwinged Parakedd. cyanopteraMealy ParrotA.

farinosa, Scarlet MacawA. macaoRedandGreen MacawA. chloropterusWhite-eyed

ParakeeA. leucophthalmandYellow-crowned ParrofA. ochrocephalaThese are all

species observed at claylicks at both Posada and WR{@e-bellied ParroPionites
leucogasterrecorded on the claylick only at TRC, was encountered more on the further

sections of the transects. In order to account for claylick presence in density estimates,
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280 km of transect conducted in the morning within two kilometres of the claylick at
Posadavere excluded to provide an alternate measure of density for this site (Table
4.4).

[ = S N e
o ON OO ®©
1 1 1 1 1 1

group encounters per km

km section

Figure 4.2 Change in parrot group encounter rate with distance (kms) from claylicks
for five transects orientated away from claylicks. Bars for mean line represeafarsta

error.

Overall, there was no significant different in parrot density between Posada and Refugio
(Posada: D £8.9+ 9.67, Refugio: D =493 £ 7.97, Z =0.77, p > 0.05). Of the two

species more abundant at Refugio than Posada (Tabl&datlet Maaw Ara macao

uses the claylick at Posada rarely, willae-and Yellow MacawAra araraunanever

uses the claylick. Four species were more abundant at Posada than Refugio (Table 4.4):
Black-capped Parakeét rupicola, Blue-headed Parrd®. menstruusyellow-crowned
ParrotA. ochrocephalaandRedandgreen MacawA. chloropterusAll these species

frequently use the claylick at Posada.
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Table 4.4: Density estimates for 11 parrot species at three sites in the Tambopata region.

Density estimates at sites am@yided for all transects and for transects conducted

beyond 2km from a claylick (>2km). Z values are shown for differences between

Posada and Refugiwith p < 0.05 indicated by *. TRC results are presented for

comparison only due to low sample size.

Posada Refugio TRC
D+ se D+ se Z D+ se
Black-capped Parakeet Overall 10.66 +2.18 5.76 +1.42 1.88* 0
>2km  9.42+219 565143 1.44 0
Blue-headed Parrot Overall 4 +0.67 1.73+£0.45 2.80* 7.34+6.19
>2km 3.44+095 1.68+0.42 1.70*
Blue-andYellow Macaw Overall 0.21+0.06 0.49+0.1 -2.33* 3.59+4.06
>2km 0.2+0.07 048+0.1 -2.26*
Cobaltwinged Parakeet Overall 14.27 +2.94 9.18 +4.27 0.98 1.83 £ 1.47
>2km  13.09+3.02 9.43+43 0.7
Mealy Parrot Overall 16.98 + 3.65 1212 +2.39 1.12 17.33 £ 3.52
>2km  11.35+2.46 11.24+2.19 0.03
Orangecheeked Parrot Overall 0.9+0.17 0.96+0.33 -0.16 3.97+3.33
>2km 0.94+0.2 1.08+0.38 -0.32
Redandgreen Macaw  Overall 3.04+0.75 1.15+0.16 2.47* 3.56+0.6
>2km 2.82+0.69 1.15+0.15 2.36*
Scarlet Macaw Overall 1.01+0.18 1.99+0.27 -3.04* 12.25+4.93
>2km 1.07+0.22 1.96+0.27 -2.59*
White-bellied Parrot Overall 11.78 £+1.03 10.62 + 0.95 0.83 3.61 +0.64
>2km  11.76 +1.09 10.54+1.06 0.8
White-eyed Parakeet Overall 0.66+0.37 1.11+0.71 -056 1.53+0.63
>2km 0.44+045 1.11+0.73 -0.78
Yellow-crowned Parrot Overall 1.45+0.47 0.61+0.18 1.67* 0.28+0.14
>2km 0.9+034 05+0.15 1.05

Blue-headed Parrd®ionusmenstruusvas the oly species of 11 to show a regional

change in abundance between the dry and wet season (wét9> 6.41, dry: D =3.2

+0.64 Z =-1.75 p < 0.05), althougtOrangecheeked Parrd®yrilia barrabandishows
a seasonal difference in abundancB@addwet: 0.6+ 0.14 dry: 0.3 + 0.09, Z = 1.89,

p < 0.05). For the seven species for which stratification at-m@&th level could be

reliably performed, all but the twedAra species showed some degree of significant

difference among seasons (Figurd 4
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Figure 4.3 Regional density estimates, excluding transects within 2 km of a claylick,
for seven parrot species stratified by three month periods. Error bars represent + 1

standard error.

Overall, parrot density was significantly higheffimodplain forest thatierra-firme
forest (floodplain682 +5.59 tierra-firme: 37.59+ 4.56 Z = 4.24 p < 0.05). Five of



eleven species occur at significantly higher densities in floodplain forest, while none are
found at higher densities trerra-firmeforest (Table 4.5). At the seasonal level, there
were significantly more parrots during the dry season than in the wet season (dry: 73.42
+6.77; wet57.7+ 4.96 Z =-1.87,p < 0.05), but this difference was not seen for
tierra-firme forest where ovall parrot density was higher in the wet season @Ry37

+ 3.37 wet: 36.8+ 4.76 Z = 0.76,p > 0.05). No species show significant seasonal
differences in density iherra-firme forest, while four of ten species occur at

significantly higher abundaeauring the dry season in floodplain forest (omitting

transects within 2 km of claylicks).
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Table 4.5: Parrot density (D) stratified by habitat type for floodplainti@nch-firme

forest types. Species with significant differences between forestdypésdicated by *

at the 0.05 level, which a difference in season for a forest type is sholwmitiyn D

values.
Floodplain Tierra-firme
D +se D +se
Black-capped Parakeet 9.94 + 1.22 40+1.12*
Wet season 947 +1.51 3.11+0.69
Dry seasao 1241 +1.67 3.37+x1.24
Blue-headed Parrot 2.84 £0.37 2.23+£0.96
Wet season 2.1+0.55 1.54+0.6
Dry season 3.96 + 0.57 2.3+1.22
Blue-andyellow Macaw 0.41 £0.11 0.35+0.15
Wetseason 0.2 +0.09 0.37+0.21
Dry season 0.56 +0.16 0.22 +0.08
Cobaltwinged Parakeet 16.52 + 3.19  4.33 + 1.45*
Wetseason 11.42+3.11 4.4+1.77
Dry season 20.67 +3.65 4.48 +1.66
Mealy Parrot 1493+£1.66 7.45+0.75*
Wetseason 14.3+1.37 8.06 £ 0.93
Dry season 16.29 + 2.3 6.98 + 1.27
Orangecheeked Parrot 0.88 + 0.19 1.45+£0.5
Wetseason 1.72 £ 0.85 1.81 £0.88
Dry season 0.77+£0.24 0.66 £ 0.3
Redandgreen Macaw 2.47 £ 0.56 1.36 £ 0.28*
Wetseason 2.6 +0.68 1.78 +0.49
Dry season 2.33£0.6 1.01 £0.17
Scarlet Macaw 1.68 £ 0.61 2.01+1.18
Wetseason 1.8+1.05 1.92 +1.28
Dry season 2.46 +0.84 1.72+0.79
White-belled Parrot 11.17+091 10.56+1.26
Wetseason 11.25+096 10.44+1.63
Dry season 13.15+1.2 9.62 + 1.37
Yellow-crowned Parrot  0.98 + 0.22 0.31 £0.07*
Wetseason 0.48 +0.2 0.41+0.1
Dry season 1.34+0.35 0.23 +0.06
White-eyed Parakeet 0.97 £ 0.59 0.57+£0.34




4.5 DISCUSSION
4.5.1 Neotropical parrot density estimates

Very few density estimates havedn produced for any parrot population in South
America. However, where they do exist our results are comparable to those from other
Neotropical bird surveys for the same species or genera (Table 4.6). Density estimates
for Scarlet MacawA. macao,RedandGreen MacawA. chloropteus, Black-capped
ParakeeP. rupicola, Orangecheeked Parrd®. barrabandiandWhite-belled ParroP.
leucogastervere similar or comparable to those from nearby Manu (Terborgh et al.,
1990), althougltheregionalMealy ParrotA. farinosadensities are much higher
especially considering the earlier study was conducted in floodplain type forest only.
Mealy ParrotA. farinosadensities are also slightly higher than those from Guatemala
which are 7.4 to 9.2 ind/khiBjork, 2004), butri line with 13.82+ 59 ind/kn? reported
from an Atlantic rainforest island reserve (Guix et al., 1999). In a survey of the
Sooretama/Linhares reserniasAtlantic forest reserve, Brazil (Marsden et al., 2001)
Blue-headed Parrd®®ionusmenstruusiensity wa 2.33, very comparable theregional
2.87 ind/knf of this studyAlthough tre Atlanticsite had too fevMealy ParrotA.
farinosato calculate abundance, tRedbrowed Amazommazona rhodocoryths3.1

* 28is within theexpected range for the dominahazonaBahama parrot Amazona
leucocephala bahamensfer instance, occurs at densities from 15 +4.2to 18 + 4.9
ind/km? (RiveraMilan et al., 2005)Scarlet MacawA. macacandRed-andgreen
MacawA. chloropterusdensities were similar to results fromawther western

Amazon studies (Lloyd, 2004, Haugaasen and Peres, 2008)|uetaind yellow

MacawA. araraunadensities were the lowest of any comparable stlidgdensity
estimates foBlue-headed Macaw. couloniare within the range predicted by Tabia
and Brightsmith (2007) of 0.020.1 individual / kn.
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Table 4.6: A comparative table of density estimates (individual€) fkom other
Mesao or South American studiesPE Floodplain; TF =Tierra-firme; too few = too

few encounters to estimate deys

Bonadiand  Guix 1999 Hauggeson Lloyd 2004 Marsdenet Terborgh
Bacon 2000 and Perez al 2006 et al
2008 1990
P. rupicola 7
P. couloni too few
P. menstruus 2.3 too few
A. ararauna FP:1.1+0.3, FP:1.1-3.4%4.9 2
TF: 0.9 £-0.3 TF: too few
A. severus 2
B. cyanoptera 32
A. weddellii too few
A. farinosa 13.82 +5.94 too few
P. barrabandi
A. chloropterus FP-8.76 FP-1.3-2.0+£4.9, 2
0.9 TF-1.3+6.6
A. macao TF-18+04 FP-0.5-2.6+3.0, 2
* TFi 0
P. leucogaster 12
O. manilata 0.5** too few
A. leucophthalma too few
A. ochrocephala
Other: Amazona Brotogeris tirica Ramphastos Brotogeris
aestiva0.3  15.05 +4.87, spp: TF 1256 tirica: 28;
Pyrrhura +1.04, Pyrrhura
frontalis: 13.06 + Varzea4.41 + cruentata
5.53 0.55 41

* Red macaws includ8carlet MacawA.macacandRedandGreen MacavA.
chloropterus results for FP are those provided for varzea forest

** Calculated from individuals (224)drea (450krf)

@ Results for Sooretama/Linhares reserves

® Results for Floodplain forest (and equivalent to Robinson and Terborgh (1997))

| amthus confident thaheresults represent bird densities for the two major forest
types insoutheasterReru. Havever, the survey design did not adequately account for
birds in secondary (successional) habitats or palm swamps. Although these habitats
form a minor proportion of the overall Tambopata landscape they are very important
seasonally (Cowen, 2008) and fabitat specialists, such Redbellied MacawO.

manilata(Bonadie and Bacon, 2000)
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4.5.2 The influence of claylicks, habitat and season on parrot abundance

None of the parrot surveys from western Amazon that have produced density estimates
have consided the impact of season, despite studies indicating that seasonal
movements do occur at least on a regional level (Renton, 2002, Karubian et al., 2005).
Seasonal changes in density related to habitat types appear to be more important than
seasonal movemesrelated to claylick presence as most species showed seasonal
increases in floodplain forest during the dry season regardless of claylick use (see
Chapter 3). Seasonal changes were found only for two species in relation to claylick
presenceRlue-headedParrotP. menstruusandOrangecheeked Parrd®. barraband).
Although peak densities did correspond to peak claylick usedbaltwinged Parakeet

B. cyanoptergChapter 3, it is less clear if this species simply uses claylicks more in
association withmovements to floodplain forest or are an artefact of breeding, which
can result in changes in group sizes (Matuzak and Brightsmith, 2007).

Most publications focus on bird abundance or ecology in floodplain forests
(Robinson and Terborgh, 1994pyd, 2009, while tierra-firme forest is more
extensive (80% of Peruvian Amazonia (Salo et al., 1986)) and will come under
increased threat as the network of roads grows across the region. Lloyd (2004)
encountered n8carlet MacawA. macaoin thetierra-firme fored type sampled, while |
detected no difference in density between forest types for this species. Known important
food plants forA. macaaare known to occur itierra-firme forest (Trivedi et al., 2004,
Haugaasen, 2008).

Although this study did not showsggnificant difference between dry and wet
season inierra-firme forest, overall abundance was higher during the wet season. Since
tierra-firme represents a considerably larger proportion of the landscape it is possible
populations from floodplain foresluring the wet season are diluted (the proportional
density increase itierra-firme forest would have been lower) and the statistical
analysis (sensitive to large variation) may not have been sufficient to detect this
seasonal movemerilauritia palm swanps, which account for approximately 5% of
the protected area system, may also account for wet season changes in abundance as this
palm fruits from September to April (Manzi and Coomes, 2009) and is an important

food resource for large macaws and parrBtgghtsmith and Bravo, 2006). Our
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understanding of local movements and parrot ecology would be greatly enhanced by a
study focusing on this forest type.

Encounter rates for species that use claylicks is highest within a kilometre of a
claylick. Yellow-crowned Parrof.. ochrocephalandBlack-capped Parakeét
rupicolashowed clear differences in density estimates between Posada and Refugio that
could be accounted for by claylick preseriglele-headed Parrd®. menstruusandRed
andgreen MacawA. chloroptrusdensities may also be influenced by claylick
presence. Since bird densities between sites was not significantly different, elevated
detection rates around claylicks are mosH
around a claylick is unlikelyo support higher density of birds, which is more likely to
be influenced by food and nest site availability. Detection rates between sites outside of
claylick high seasons are comparable (Lee, 2009). Bird survey design should consider
the presence ofegpphagy sites for any species that may engage in geophagy and should

not be located within two kilometres of a geophagy site.

4.5.3 Implications for avian surveys in rainforests

There is concern about observer bias in bird counts that needs to beed dnes/ery

bird survey. We followed recommendations of Buckland et al. (2001) and provided an
extensive training period before observel
complexity of tropical environments showed that observers who recorded Famer t

100 km of transect even after the training period had a lower detection rate than those
who conducted more transects. The impact of observers on ground dwelling birds is of
great concern for distance surveys where initial positions need to be reaocdeately
(Buckland et al., 2008).show that canopy dwelling parrots are also influenced by
observer presence. As a result, many other species in tropical forest environments may
also be influenced by observeMarsden (1999) recommends an extendeahtpariod

for parrots and a controlled flush to ensure all birds are counted. It would appear that
this flush action occurred naturally during the transect surveys and that this offset the
issue of reduced detectability of naturally resting groups of .dil@suld not quantify if

the flush was entire or partial, and flushing rates could be influenced by time of day,
season and degree of human habituation. Correction factors should ideally thus be site

and season specific and future studies should attengpldress these issues.
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Thestudy is the first nottelemetry study to attempt to address detectability and
the first to do so for parrots. In this habitat with a high and dense canopy, the Distance
sampling assumption g(0) = 1 cannot be considered vadidglad multiplier based on
detection cue increased densities38.%. Despite this, for only two species were
corrected values significantly higher compared to standard Distance calculations. This
low number of species showing a significant difference maart be explained by the
natural flush affect due to the presence of the observer, but may also be due to the large
variation displayed itheresults. A survey with an increased number of transects in an
area with birds habituated to human presencelmayore sensitive to the difference
between standard distance sampling and sampling based on a multiplier such as the one
here based on call rate.

Distance sampling using line transects was inadequate for quantifying
abundance for the three species ofgitat that occur in the region. It is unlikely that
point transects would be an adequate alternative for focusing on these species. This
methodology when used in Atlantic rainforest also failed to quantify density for the
parrotlet species there (Marsdetral., 2000). Although distance sampling has been used
to calculate densities for Greemmped Parrotleforpus passerinu@Casagrande and
Beissinger, 1997), this species occurs in open habitats. Alternate sampling techniques
(e.g. spot mapping, loefownsurveys or roost counts) may be better for monitoring
parrotlet populations in rainforest environments where the small size and soft calls
make these small species unsuited for standard Distance sampling surveys. Similarly,
the Mauritia palm swamp speciatsBlue-and Yellow MacawA. araraunaandRed
bellied MacawO. manilatawould be best surveyed using roost counts or spot mapping
in their preferred habitatRedbellied MacawOrthopsittacamanilatawas common on
the regionbs | ar b 004) and dlse gominanlig obgeBedidugimgtas mi |
concurrent flight direction study (Ward, 2007) and persists in fragmented or relict
habitats wher&lauritia palms exist (Lees and Peres, 2007). It nests exclusively in
Mauritia palms (Brightsmith, 2005, Bonadiad Bacon, 2000) and feeds almost
exclusively on fruit in this habitat (Bonadie and Bacon, 2000), and is thus rare in the
surrounding habitats.

The scale of resolution was course, and allowed analysis on a three month basis
for less than half the surveyadsemblage and even so coefficients of variation were
generally above the recommended 20% (Marsden, 1999). Future studies would greatly

benefit from a larger sample of transects. Since call rate and detection function changes
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little through seasons, indiede.g. individuals per kilometre) obtained while working
towards Distance sampling also provide useful information when looking for month on
month changes, and can easily be correlated with environmental variables such as fruit
availability or claylick us.

Determining all rates is relatively straight forward compared to double observer
and markrecapturedistancesampling technique@uckland et al., 2004an be
achieved by single observers; and are relatively straight forward to implement as
multipliers in either conventional distance sampling or multiple covariate distance
sampling analysis. Although an extensive period was dedicated to collecting
information on cueate in this study, the results suggest that sinceaigewas not
impacted by seasgthat a relatively short and focused study should allow researchers
to obtain correction factors fairly quick(gt least in Neotropical environments and
probably humid tropical areas generallBy doing so, surveys producing bird density

estimates inainforest environments can be presented with greater confidence.

4.5.4 Conservation implications

This study is the most comprehensive population survey of parrots in southeastern Peru
to date. Yet obtaining density estimates for rare spédiesse ofgreatest conservation
concerni were unsatisfactory. Furthermore, densities fluctuate by season and by
habitat. Density figures are fundamental to estimating population sizes to determine the
threatened status of any species. How we get a density ediimat@servation
purposes remains a big challenge, but one worth pursuing as the current general lack of
densities for birds makes estimating global population sizes complicated.

Both claylick presence and, more importantly, forest type clearly havepatim
on bird abundancdhe floodplain forests of souttast Peru represent the most
threatened forest types of the reg{@hillips et al., 1994)Floodplain forests are less
extensive than uplartéerra-firme forests, and mature floodplain forests in tees
Amazonia are being deforested faster than other lowland forest types as human
settlement and agriculture spread outward from riverbépikdlips et al., 1994)
Keystone nesting resources are found predominantly in this habitat type (Brightsmith,
2005. However, seasonal changes in density suggest movements between habitat types
which strongly argues for a comprehensive and taogde habitat management plan.

Conservation of claylicks and large areas of associated forest should be of high priority
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to natural area managers if sustainable economic practices such as ecotourism are to be

maintained.
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Appendix 4.1: Mean encounter rate for groups of perched parrots per kilometre section
of transect for five transects that radiate from a claylick locai@nd p

represent results ofay ANOVA testing between transect sections.

Species 1 2 3 4 5 F p

Amaz. Parrotlet 0+0 0+0 0+0 0.004+0.004 0.004+0.004 1.042 0.384

Black-cap. Parakeet 0.394+0.042 0.600+0.043 0.507+0.048 0.367+0.048 0.296+0.039 7.489 < 0.0

Blue-head. Macaw 0.119+0.022 0.066+0.013 0.072+0.015 0.056+0.015 0.028+0.012 3.934  0.003

Blue-head. Parrot 1.566+0.122 1.433+0.102 1.200+0.095 0.941+0.096 0.534+0.060 14.768 < 0.001

Blue/Yellow Macaw 0.691+0.098 0.421+0.051 0.466+0.061 0.478+0.072 0.522+0.065 2.362  0.051

Chest. Front. Macaw  1.080+0.096 0.609+0.059 0.546+0.067 0.433+0.073 0.233+0.034 18.41 <0.001

Cob.wing. Parakeet 1.914+0.161 2.334+0.137 1.567+0.099 1.341+0.091 1.036+0.089 16.281 < 0.001

Dusky-bill. Parrotlet 0.000+0.000 0.005+0.0@3 0.003+0.003 0.000+0.000 0.004+0.004 0.646 0.63

Duskhead.Parakeet  0.596+0.059 0.402+0.044 0.215+0.029 0.256+0.039 0.182+0.029 15.015 < 0.001

Mealy Parrot 4.156+0.308 2.685+0.156 2.943+0.172 2.696+0.165 2.063+0.157 13.549 < 0.001
Orange.cheek Parrot  0.425+0.062 0.264+0.029 0.301+0.033 0.319+0.039 0.265+0.040 2.601  0.035
Redbell. Macaw 0.162+0.027 0.096+0.016 0.149+0.026 0.078+0.019 0.111+0.026 2.4 0.048
Red/green Macaw 1.339+0.096 1.313+0.077 1.075+0.081 0.711+0.070 0.530+0.053 18.873 < 0.001
Scarlé Macaw 1.235+0.125 0.687+0.066 0.654+0.067 0.641+0.068 0.403+0.049 13.393 < 0.001

Scarlet should Parrotle 0.000+0.000 0.000+0.000 0.006+0.004 0.000+0.000 0.000+0.000 1.908  0.107

White bellied Parrot 0.370+0.038 0.482+0.038 0.534+0.043 0.693+0.054 0.688:0.060 8.427 <0.001

White-eye. Parakeet  0.376+0.073 0.339+0.044 0.304+0.045 0.219+0.034 0.178+0.030 2.507 0.04

Yellow.crown. Parrot  0.419+0.044 0.313+0.034 0.134+0.023 0.170+0.031 0.119+0.028 14.511 < 0.001

Total 14.844+0.735 12.049+0.466 10.678+0.458 9.400+0.459 7.194+0.329 27.255 < 0.001
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Chapter 5: Habitat selection and dietary metrics in relation to

claylick use for a parrot assemblage in southeastern Peru

5.1 SUMMARY

Information on parrot diet is under represented in the literature and feoarce

preferences are a matter of speculation. The role of diet and habitat selection in claylick
use are presented here by examining a range of dietary, habitat and abundance variables
with two indices of claylick use. Daily claylick use was determimethfcounts of birds

on the claylick; and an index of species level claylick need was estimated as the
proportion of the local population visiting the claylick on a daily b&%asrot density in
floodplain andierra-firme forest, as well as forest typegberencewere determined

along trasects while an index of secondary forest preference was calculated from
transects by boat through secondary and successional habitat. A phenological study of
over 1800 woody trees was used to determine patterns oaf@idbility and to

compare dietary selection based on items identified during foraging encounters. The
parrot assemblage showed niche differentiation both through indices of dietary overlap
and habitat preference. Dietary width was broad for most spatties,igh dietary items
were not eaten in relation to their abundance indicating selection of preferred food
types. Seeds and fruit featured prominently in the diet of most species, although a range
of other items, including bark, insects and lichen, vadse consumed-or all but one

parrot detary breadth wasot correlated with claylick uskutfor the most part

increased with species of trees fruiting. Since animals faced with a range of toxins in
their diet should have broad dietary breadth (a predicif the toxin limitation

hypothesis), this suggests against the consumption of clay to primarily counter dietary
toxins. Instead, niche position (specifically the use of secondary and successional

habitats) may be a better predictor of a species neatbfppconsumption.
5.2 INTRODUCTION
Dietary knowledge is fundamentalforn d er st an d i n ghalstpaadolesens 6 n i

communitiegMoegenburg and Levey, 2008unshiSouth and Wilkinson, 2006

southeastern Peru hundreds of individuals afou®0 species of parrot consume clay
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daily from river bank claylick§Chapter 2). These patterns are seasonal (Chapter 3) as
are changes in abundance (Chapter 4).

Seasonal changes iochl abundance patteraf parrots may be the result of
seasonally aviible food resources within habitat mosdieg. RagusdNetto, 2007).
However, very little is know about the details of parrot diet in the wild (Koutsos et al.,
2001). Some studies have identified plant species consumed in southeastern Peru
(Gilardi, 1996, but no information exists on patterns of seasonal change in dietary
breadth or how these are correlated with habitat preference, and in turn how they are
related to claylick use.

Most partparrot speciesonsumeseedsandare considered important seed
predatorgHiggins, 1979Galetti, 1992, Gilardi, 1996, Trivedi et al., 20Renton,

2006. In addition, most parrots consume at least some fruit (Galetti, 1997) and
individual species are able éaploit a wide range ajdtherfood resourcescluding

flowers anchectar(Cotton, 2001RaguseNetto, 2006) insect larvae in galls

(Martuscelli, 1994, Renton, 2006), termites (Sazima, 1989), leaves (Kristosch and
MarcondesMachado, 2001, Greene, 1999), carrion (Greene, 1999) and horse and cow
dung(Ndithia andPerrin, 2006)

Claylick use differs between species (Chapte 8¢ patterns of resource use of
regular claylick user species versus fuzer(or infrequent usergpecies could differ in
various ways. For instancelaylick usingspecies may utiliselaylicks due to dietary
deficiencies associated with plant availability in preferred habitat {ypese position)

It is also feasible that claylick usimyianspecies may utilise a narrowange of
resources thanonusers(niche breadthyiven that clayinds dietary toxins (Gilardi et
al., 1999) and given that mamniedrbivores increase their dietary diversitigen faced
with a variety of chemically defended foo@sprediction of theletoxification limitation
hypothesigMarsh et al., 2006)). Furtherme should clay bind dietary toxins then
dietary width should be narrower during seasonal peaks of claylick activity.

In this study, | investigate the relationship between patterfeod resource use
andclaylick useamonga lowland rainforesparrot asemblagen TambopataPeru |
examine the relationshipetween claylick dependence and a range of dietary and habitat

variables
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5.2.1 Aim

To identify det and dietarypreadth dietary shifts and food availability withingarrot
assemblage in lowl@Amazon rainforest of southeastern Peru and determine if any of

these are related to claylick use. To achieve this | have the following objectives:

1. Determine tree species relative abundancephedological patternsy season and
forest typesn orderto determine patterns of potential food availability and seasonal

change in diet

2. ldentify the diets of individual speciaad determine community structure through

dietary similarity

3. Identify correlates aflaylick use (daily use and dependenay)eorange of species
specific (weight, density), dietary (niche breadth, niche position, niche ovarldp)
habitat (habitat preference) variables

4. Test predictions made by the toxin limitation theory; specifically whether dietary

breadth decreases Witlaylick use

5.3 METHODS

5.3.1 Study site

The survey was conducted in the Tambopata National Reserve and associated buffer
zone, as described in Chapters 3 and 4. Daily claylick use values are based on the mean

values of use from the five Tambopatayticks presented in Chapter 3.

5.3.2 Woody plant abundance and phenology

A total of 3,266trees with diameter >10cm were marked with standard aluminium tags
or marking tape in 30 plots of 10m x 2@00m long (5 ha total). Plots were located in
tierra-firme forest, floodplain forest and successional forest at Refugio, Posada and

TRC (Figure 5.1). These trees were used to calculate relative abundance of woody tree
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species within the lowland forest associated with the Tambopata River. A subset of
1,819 tres was monitored on a monthly basis for the presence of fruit and flower from
January 2006 to December 2009 at Posada and Refugio. Monitoring was not possible
for all plots every month, so results from all years are combined for the presentation of
seasonigphenological patterns, recognising this may mask mast seed production events
by certain species. Trees were identified by Percy Mario Nufiez of the Alwyn Gentry
Herbarium, University of Cusco in 2008. By this time, 6% of the trees originally

marked had @d or been lost, and so not all trees for which phenological data were

available were identified. Trees which died were not replaced.

5.3.3 Foraging records

Standardized foraging transects were conducted along 12 routes of two kilometres
length from anuary 2008 to December 2009 at Refugio Amazonas, Posada Amazonas
and TRC (Figure 5.1). Transects were conducted between 06h00 and 10h00 and from
15h00 to 18h00. During transects, all perched birds within 200m of the transect line
were recorded along witihe following information: species, group size, time and
perpendicular distance. If birds were observed foraging, the following additional
information was recorded: other birds foraging concurrently, tree type or identification
information including diamet at chest height and total height, habitat type and part of
the plant consumed. However, since encounter rate was low (0.2 group encounters per
kilometre), supplementary information was taken on diet caderocbasis whenever

foraging birds were obsezd.
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Tambopata &
National
Reserve

Figure 5.1: The foraging and phenology study area, showing the location of study sites
as satellite image insetsi ITRC, 21 Refugio, 3i Posada. Foraging transect routes are

red lines; phenology plot locations are yellow rectangles.
5.3.4 Indices of claylick use

For 13 parrot species, two principal indices of claylick use were measured: a standard
daily mean based on five minute counts of birds on the lick (Brightsmith, 2004), where
the mean daily feeding at five claylicks was calculated;zammhdex based on the

proportion of local density (Chapter 3). The latter was calculated as the mean maximum

number of birds observeah, orin the area gfthe claylick divided by a local population
estimatgbird density *area, with area defined by* 10) from aroundthe claylick

complex and TRCThe mean of this proportion across claylicks was used as the
measure of a bird speciapparenneedto use a claylick (hereon referred to as claylick
dependence). This index is useful as it distinguishesspecies that may come from far



away and hence appear common on the claylick, from a common species that visits less
frequently from a smaller area.

Two secondary indices of claylick use were also used to correlate dietary
variables: proportion of dayseen at a claylick (a mean for all five Tambopata claylicks
for which bird use data was available, Chapter 3), and also the reported proportion of

claylicks visited by each parrot species across South America (Chapter 2).

5.3.5 Analysis overview

Broadple nol ogi c al and foraging patterns are
ranked correlations among phenological patterns, diet, weight and daily claylick use. A
community analysis of the parrot assemblage based on forage items is presented. Scores
from the community analysis (Axis 1 and 2, used as indices of dietary overlap as the
ordination groups species with similar diet), along with indices of habitat preference,
density, dietary specialization, standard indices of dietary overlap, and seasogal chan

in abundance are then used as variables in correlation analysis to determine the
relationship between habitat, diet and claylick use. The low number of samples (<13
parrots), which are also not independent due to phylogenetic relationships within the

asemblage, suggests against multivariate regression analysis.

5.3.6 Parrot community analysis

A nonrmetric multidimensional scaling analysis (NMDS: CAP, Pisces Conservation
Limited, 2002) was used to compare parrot community composition by diet atiihe pla
genus level. Genus level was chosen as some food items could not be identified to
species level, the software could not handle the number of identified species, and trees
show many shared fruit and flower characteristics at the genus level. NMEiSizes
rank-order correlation between distance measures and distance in ordination space
(Clarke, 1993). Analysis was run using the Sgrensen index as the distance measure, a
PCA (Principal Component Analysis) starting configuration (maximum of six axes and
200iterations), and a final solution (number of axes) determined by minimising stress
(McCune and Grace, 2002).
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5.3.7 Dietary specialization

Nine indices of dietary specialization were calculated. Four values of dietary
specialization based on plant comments consumed were calculated for each parrot
species as follows: the proportion of seed (including seed components e.g. embryo and
endosperm); fruit pulp; flower; and entire fruit.

The proportion of nomipe food items was calculated for all fruits esed
items consumed.

Each forage species was classified as either rafbgx6r common (>/ha)
according to their occurrence in phenology pldise forage species not recorded
within phenologyplots were classified as rare. The proportion of feedbsgorations
on rare plant species was calculated for each bird species

A standardizeaiche breadth index was calculafeaim the number of parrots
observedeeding on each plant species consuifh@yins, 1968) Valuesclose to 0
indicates dietary speciahtionand a value close to 1 indicates a broad diet.

Seasonal changes in digere determined as the shared items betweemwet
(Novi May) and dry seasongd(ri Oct) as a proportion of all food items consumed

Finally, a simple ratio of number of spexias a proportion of all foraging events
was calculated. This ratio was also used as a monthly measure of dietary breadth in
relation to phenological patterns.

5.3.8 Niche overlap

Niche overlap (as a measure of potential competition) may influencecklage a
differential competitive abilitieamongspecies in thassemblagéor shared resources
might influenceclaylick use by forcing less competitive species to consume more toxic
foods (and be greater claylick users). One would also expect spettiessimilar diet

to show similar patterns of claylick use or dependency.

In addition to the NMDS results (axes 1 and 2 of the community analysis), two
measures of similarity, or niche overl ap,
measure of nichbreadth (L), which incorporates measures of resource abundance
(Hurlbert, 1978), in this case the relative abundance of food trees. Analysis was
conducted at the plant genus level. Resource abundance was calculated from genus

presence in phenology plotsh@ index assumes a value of O when no resources are
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shared, a value of 1 when both species utilize each resource in relation to its abundance,
and a value of >1 if each species utilizes certain resources more intensively than others
and the utilization fuctions of the two species tend to coincide. This index produces

values that are weighted by foraging on rare items. In addition, the more frequently used
Morisitads niche overlap index was used |
For each bird spes | determined th&milarity in thefood composition of its feeding

records withall other bird species individually, then calculated its ovenaln

similarity across thearrotassemblage.

5.3.9 Abundance and habitat use

Habitat specialisatiofniche position) may influence claylick use for a variety of
reasons. Successional forest parrot species may show greater preference for claylick use
due to dietary similarity, limited resource choice and thus dietary deficiencies. They
may also use claylick®iore due to habitat proximity to claylicks as stands of secondary
and successional forests tend to be associated with meandering river channels and
anthropogenic disturbancgierra-firme andaguajal specialists may not have as easy
access to claylicks drthe associated species may not (or take longer to) learn the
benefits of clay consumptioo quantify the relative use aver edge and successional
habitat | calculated a ratio perched parrotalong a 54 km section of river that was
traversed by bat 116 times throughout the study period. The transect excluded 2 km
river sections associated with claylicks (1 km either side of a claylick). The forest
associated with the river edge was either natural successional habitat associated with
river course raandering; successional forest resulting from small scale-atalburn
agriculture; or smakcale agricultural plots in different stages of regenerafien
sightings were visual only (due to motor noise) and hence dependent on parrot size, the
number & birds was divided by species weight. This value was divided by bird density
(see below) to create an index of successional habitat preference. All birds scoring
greater than 0.8 on this index are listed as being associated with successional forest
(Forshaw, 2006), apart frorBlue-headed Parrd®. menstruusndYellow-crowned
ParrotA. ochrocephalawhich scored lower.

All other factors being equal | would expect a positive correlation between
density and claylick use. A regional density estimate waslleaéz! for each species, as

well as for each species by habitat and season (Chapter 4). Seasonal change in density
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was calculated between dry and wet season, as this may be related to seasonal changes
in claylick use. A further measure of habitat prefeeewas calculated to determine
specialization away from successional forests, as the density ratio bésvesefirme

and floodplain forest types.

5.4 RESULTS

5.4.1 Woody plant relative abundance

Of 3,266 trees in quadratsiB7 were identified to spees level, with 432 species

belonging to 226 genera and 71 families. Botanical classification follows APG (2003).
The three most common families were Arecaceae with 745 individuals belonging to 10
species, Fabaceae with 308 individuals belonging to 6diespand Moraceae with 293
individuals belonging to 40 species. The top 10 families accounted for 71% of plant
species. Parrots fed on 37% of plant genera represented in the quadrats. Twenty seven
families and 143 genera recorded in quadrats recordedagirig events. The majority

of these (111 genera) were represented by fewer than 10 individuals (<2 ind/ha). Parrots
fed on eight families and 36 genera not recorded in quadrats, although several of these
were not woody trees e.g. lian&ofnbretunspp.Clusiaspp.), vinesArrabidaeaspp.)

and bambooGuaduasp.).

5.4.2 Patterns of fruit and flower availability

The three most common tree families where phenological patterns were monitored were
proportional to that of the total number of trees identiflad:caceae 372 individuals of

8 species, Moraceae 208 of 32 species and Fabaceae 184 of 47 species. The top 10
families accounted for 70% of identified species. Trees were observed 47, 398 times
during the course of the survey, however 603 of the +18@8 tvere never registered

with fruit or flower, so phenological patterns are based on the remaining 1,214 (30,051
observations). Mean fruit availability (proportion of occasions a tree was checked and
had fruit) tended to be higher in floodplain forest pamned taierra-firme (median,
interquartile range FP: 0.09, 0.08.23, TF: 0.08, 0.04 0.19; U = 369701, Z =1.9,p

= 0.06). A greater proportion of trees had flowers in the dry season (dry: 0.1, @27

wet: 0.08, 0.07 0.13; U = 1388498, Z =10.1, p < 0.001), while fruit presence was
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greater in the wet season (dry: 0.13,i100L.2; wet: 0.15, 0.08 0.3; U = 1540507, Z =
3.6, p < 0.001). Proportion of fruiting trees per month between habitats was highly
correlated = 0.9, p <0.001, n =124 peak in flowering in September proceeded the
peak period in fruit availability from October to March (Figure 5.2).
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Figure 5.2: Phenological patterns for trees in plots at Refugio and Posada: the mean +
s.e. proportion of 1214 marked trees with fruitlower per month for the period 2006
20009.

5.4.3 Foraging events

A total of 758 standardized surveys (1,468 km) were conducted over the sampling
period. Thirteen species of parrots were encountered foraging @@bencounters.
There was a significamifference in foraging encounters per kilometre between dry
season, June to October, and wet season, November to May (median encounter rate,
interquartle range for dry season: @, 0.5, wet: 0, G 0.3; U = 65662, Z =2.5,p =
0.01). There were no dirences in foraging encounters per kilometre between years (U
= 66208, Z =1.3,p = 0.2) or betweetierra-firme and floodplain forest types (U =
68063, Z =1.6,p = 0.1). There was a trend for the seasonal differences in encounter
rates between seastimbe more pronounced in floodplain thartierra-firme habitat
(floodplain: U = 15574, Z =1.87,p = 0.06;tierra-firme: U = 17325, Z =1.6,p = 0.1).

The total number of foraging encounters for the survey period, including
incidental encounters, wds469 groups of 16 species of parrots, of which 8.5% were
multi-species groups. A total of 2920%)encounters were of species feeding on the
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observed tree where feeding had been observed previously, resulting in 1,178
independent observations. Only thes#ependent observations were used for dietary
breadth calculations and other correlatidviealy Parrotvere encountered most often
(196 events), followed bwhite-bellied Parro(190) andScarlet Macaw178), while
Blue-headed Macawrimolius coulonj Dusky-billed Parrotlet~orpus sclaterandRed
bellied MacawOrthopsittaca manilatavere recorded on three or fewer occasions.
Feeding encounters were recorded on 49 families, 129 genera and 204 species of plant
(Appendices 1a and 1b). Seven encounters veexrded on termit@sdasutitermes
corniger (Isoptera: Termitidae: Nasutitermitinab), six species of parroiVhite-

bellied Parrotvas observed feeding on adisezmatogastesp. on one occasioBlue-
andyellow MacawA. araraunaandRedandgreen MacawA. chloropteruswere
observed feeding on the lich&tarchantia(Marchantiacegeon the bark of the
emergent tre8ertholletia excelsaBlack-capped Parakeét rupicolawas observed
feeding on insect larvae of an undetermined species in leaf galls ondagars. Six
parrot species were recorded feeding on bark or dead wood of various tree species,
comprising 1.1% (n = 13) of the total feeding encounters. The five most commonly
consumed plant species wéteterpe precatorigArecaceaén = 156encounters),
BertholletiaexcelsalLecythidaceae (n 95), OchromapyramidaleBombacaceag =

88), Ingaalba Fabaceaén =63), CecropiasciadophyllaUrticaceae (n 48).

Seeds (including seed parts e.g. endosperm and embryo) formed the major
component of the plant gagaten by the parrots (35%, n = 572), followed by fruit pulp
(31%), flower part§18%), and entire frui{14%). Leaves, bark and insects accounted
for the remaining 2%. Seeds formed the largest proportion of plant part consumed for
eight speciesBlue-healed Parro{47%),Blue-andyellow Macaw(63%),Mealy Parrot
(55%),0rangecheeked Parrd64%),Redandgreen Macaw53%),Scarlet Macaw
(57%),White-bellied Parro{34%), Yellow-crowned Parro35%)); flower formed the
major plant part consumed for foypexies Chestnuffronted Macaw54%),Cobalt
winged Paraked#1%),Dusky-headed Parakegt8%) andWhite-eyed Parakeet
(54%)); while forBlack-capped Parakeé&uit pulp formed the largest proportion (39%).
Larger species consumed a larger proportioreedls in their diet {~ 0.64,p = 0.02, n
= 13). Smaller species tend to consume more flowgrs-(.54,p = 0.06, n = 13).

There was no correlation between weight and proportion piApO(28,p = 0.35, n =
13). Larger species consumed more unripé &nd seeds than smaller species &
0.61,p =0.03, n = 13).
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5.4.4 Dietary breadth

There was no correlation between body mass and dietary bregdth12,p = 0.7, n =
13 . Dietary breadth (Levinb6s) watenohearly
claylicks used in South America, & 0.54,p = 0.06, n =13 species).

For the nine species where more than 30 foraging events were encountered,
Blue-headed Parrd®. menstruubad t he broadest diet (Levi
speciednga abarecorded 15% of all foraging events) &dbaltwinged Parakeds.
cyanopter&had t he narrowest diet (Levinds = 0.
Ochroma pyramidale Sufficient encounters (>30) were obtained for ten parrot species
to examine month bsnonth simple dietary breadth change. An increase in dietary
breadth was correlated with increased flower or fruit availability for six of the ten parrot
species (Table 5.1pietary breadth was positively correlated with mean daily claylick
use for just ae species at the monthly lev@hite-bellied ParroP. leucogaste(Table
51,£5=0.81,p<0.01,n=12)

Table 5.1: Correlation matrix of an index of simple dietary breadth (number of genera /
number of foraging events) calculated for each month prioportion of trees with fruit
(fruit availability), flower (flower availability) and index of mean daily claylick use. n =
12 months. 4= correlation coefficients. Significant results (p < 0.05) are presented in
bold.

Flower Fruit Mean daily

availability availability claylick use

r's P r's p r's P
Black-capped Parakeet 0.33 0.30 0.64 0.03 0.24 0.46
Blue-headed Parrot 070 0.01 030 034 044 0.15

Blue-andyellow Macaw 0.16 061 052 0.08 0.41 0.19

Chestnuffronted Macaw 0.25 0.43 0.32 0.30 0.11 0.74

Cobaltwinged Parakeet -0.32 0.32 031 033 -0.24 0.46

Mealy Parrot 0.65 0.02 0.13 0.69 0.22 0.49

Orangecheeked Parrot 0.19 0.65 -0.79 0.02 0.03 0.95

Redandgreen macaw 0.78 <0.01 -0.22 050 -0.20 0.54

Scarlet Macaw 0.48 0.11 0.13 0.69 -0.10 0.75

White-bellied Parrot 062 003 063 0.03 081 <0.00
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5.4.5 Dietary overlap

Species with massociation with successional forest typaite-eyed Parakeei.
leucophthalmusDusky-headed Parakeét weddellii Chestnufronted MacawA.
severusandYellow-crowned Parrof. ochrocephalawere grouped closely in the
community analysis based on plant genera consumed (Figur€ét@ltwinged
ParakeeB. cyanopteravas not as closely associated with these species as might be
expected by diet which wasdnaly influenced byOchroma pyramidaléan indicator
species of successional forest). The large macaws formed a loose group, while most
other species were not closely associated, suggesting a large degree of niche

differentiation at the dietary level.
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Figure 5.3: Nommetric multidimensional scaling (NMDS) visual interpretation of
scaled distances (Axis 1 v Axis 2) for 13 species of parrot based on similarity of diet at
the plant genus level (STRESS = 0.09).

5.4.6 Density and habitat preference

Dusky-headed Parakeét weddelliandChestnuifronted MacawA. severusvere the
species most associated with successional forest, @halegecheeked Parrd®.
barrabandi,Mealy ParrotA. farinosaandWhite-bellied ParroP. leucogasteshowed

the lowest levis of successional habitat association (Appendix 5.2). Species with high
successional forest association consumed fewer seed€(8,p = 0.03, n =13). The
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i ndex of successional forest use was posi

(rs=0.6,p =0.02, n =13), as plant species dominating successional forest are rare over
the wider landscape (they formed a small proportion of the trees in phenology plots).

The three species associated with floodplain forest (with a high
floodplaintierra-firme density ratio; Appendix 5.2) wefobaltwinged Parakeds.
cyanopterayellow-crowned Parake&. ochrocephalandBlack-capped Parakeé&t
rupicola, while species most strongly associated wétra-firme forest wereScarlet
MacawA. macaoQOrangecheeked Parrd®. barrabandiandWhite-bellied Parrof.
leucogasterThere was a negative correlation between this index and the proportion of
seeds consumed; & -0.64,p = 0.02, n =13), suggesting that species associated with
floodplain consume feweesds thanierra-firme species.

Of the dietary variables, bird density was correlated only with proportion of
whole fruit consumed {= 0.71,p = 0.007, n =13). However, seasonal change in
abundance between dry season and wet season was correlatée witbportion of
rare species in the diet & 0.55,p = 0.05, n =13), suggesting that a degree of seasonal
movement may be driven by phenological patterns of rarer plant species.

5.4.7 Dietary and habit correlates of claylick use

Daily claylick use wa not correlated with any of the 18 habitat or dietary variables.
Claylick dependence was negatively correlated with NMDS Axis 2 and positively
correlated with the index of successional forest use, and showed a weak positive
association Wwiatbh eH®r. 12 er tBos hL Axi s 2 and
dietary overlap, one at the genus level, and the other in relation to use of rare species,

indicating a multitiered differentiation in dietary selection in relation to claylick use.
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Table5.2:Déet ary and habitat correlations (Spe
correlation tests are available in Appendix 5.2. Significant results are indicated in bold.

n = 13 species.

Daily use Dependence
I p rs p

NMDS Axisl 0.02 0.94 0.38 0.20
NMDS Axis2 -0.15 0.63 -0.67 0.01
Body weight 0.19 0.54 -0.36 0.22
Levin's 0.03 0.92 0.20 0.51
Simple diet width -0.39 0.19 -0.06 0.86
Proportion flower -0.19 0.54 0.43 0.14
Proportion pulp -0.25 0.41 -0.50 0.09
Proportion seed -0.01 0.97 -0.43 0.14
Propation whole 0.00 1.00 -0.17 0.59
Proportion unripe -0.11 0.72 -0.34 0.26
Hurl bertds L 0.00 1.00 0.52 0.07
Morisita -0.25 0.41 0.04 0.89
Population density 0.21 0.49 -0.43 0.14
Seasonal change in diet 0.04 0.90 -0.24 0.44
Index of successional forasse 0.45 0.13 0.62 0.02
Seasonal change in abundance -0.06 0.85 0.03 0.92
Ratio: Floodplain: Terrdirme 0.28 0.35 0.43 0.14
Proportion rare plants in diet 0.18 0.55 -0.15 0.62
Mean proportion of days observed at five 0.58 0.04 0.36 0.22
claylicks
Global proportion claylicks used 0.49 0.09 0.52 0.07
Mean daily claylick use 0.30 0.32
Claylick Dependence 0.30 0.32

5.5 DISCUSSION

5.5.1 Phenology and food availability

The number of trees recorded in site studies from nearby Manu is over 1,000 (&itma
al., 2002). In our study, of the over 400 species of trees identified, parrots consumed
37%. This suggests that there are potentially over 370 plant species available as food
sources to the parrot assemblage. That we only identified 204 of thesaiiti-gear

study highlights the difficulty of gathering data on the parrot family in the Neotropical
environment. Rare species were un@gresented in this study, and would need to be
the focus of targeted studies in orttegather the information undbtedly crucial to

their survival.



The phenological patterns identified here were expdcteapical environments
with dry and wet seasons frequently record peaks in fruit availability during wet periods
(Bjork, 2004, Smythe, 1970). The current paradigrthat climate influences plant
phenological patterns whereby seeds are produced while resources are available to do
so, thus creating abundant seasonal food availability for frugivorous species, during
which time birds nest so they have food to feed yming (Bissonette and Storch,
2007). During these times in southeastern Peru claylick use is high and are further
correlated with local changes in parrelativeabundance (Brightsmith, 2006). Seasonal
changes in abundance may be related to seasonal falghndance of potential food

resources in floodplain forest types.

5.5.2 Broad dietary patterns: comparisons with other studies

This study showsariousp ar al | el s wi tstudy Gfpalraforatingd s (1996
ecology whichrevealed that these birdsere exploiting a relatively open niche which
providedthem with rich resources, even in lean tinferotswere rarely associated

with other birds andnammals foraging in the same tr@arrots ate seeds, fruits,

flowers, leaves, and barand insect larae.l also show that parrots are selective in their
diet, ignoring certain common plant species, while actively seeking out selected rarer
species. Military MacawAra militaris have been shown tee selective regarding their
food choice in the wild andso do not eat plants in proportion to their abundance
(ContrerasGonzalez et al., 2009). Like Gilardi (1996), | found thadlysize was a

poor predictor of dietary similaritfHowever, body size does explain a degree of niche
partitioning, with larger sgcies consuming more seeds and more unripe plant items
than smaller species, which extend their dietary niche into flowers.

Most studies conducted on Neotropical parrot diet to date report a range of food
items consumed and suggest broad dietary widgh Kéatuzak et al., 2008). Our study
shows thaScarlet MacawAra macadhave a wide dietary breadth (73 plant species
consumed). Dietary breadth for this species may be wider in southeastern Peru
compared to central American locatioB&arlet Macawbave leenreported to
consume 52 food specigsthe Amazonian rainforest of Pg(@ilardi, 1996) but only
28 foodspecies in tropical dry forest of Costa R{Benton, 2006)Adult Scarlet
Macaws observed over a five month period in Costa Rica were recbeddidg on 15

plant species frorh2 families with sseds forrmg 76%o0f the diet(Vaughan et al.,
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2006). Scarlemacaws in Costa Ridaed on seeds, fruits, leaves, flowers and/or bark
of 43 plant speciescluding exotic species introduced as crops (Nemedh\&aughan,
2004).

Blue-andyellow MacawAra araraunashow a fairly broad dietary width in this
studyi feeding on over 30 plant species, but was recorded feeding on just ten different
species in a Cerrado fragment in Brazil during observations carrieveuone year,
whereVatairea macrocarpglLeguminosaejormed 68% of the feeding events (Ragusa
Netto, 2006)Mealy ParrotAmazona farinosaas recorded feeding on 33 species in
Guatemala (Bjork, 2004), while we recorded 78 species.

It is not clear fronthese previously mentioned dietary studies what proportion
of the available plant species are being constintbd western Amazon has high plant
species richness (Pitman et al., 2008) and so greater dietary width is likely correlated to
this. | hesitated link claylick use to greater dietary breadth due to lower parrot species
richness at Ecuadorian claylicks (Chapter 2), where the greatest plant species richness in
the Amazon is known to occur (Pitman et al., 2002) and where if dietary width and
geophagyare linked one would predict at least similar species richness at Ecuadorian
claylicks to those of southeastern Peru.

The abundant availability of flowers and fruitstive gallery foresf the
southern Pantanal, Brazihay account for the presence afde parrot populations
where seven species of parrot were observed feeding on 29 different species of woody
plant (RagusdNetto and Fecchio, 2006). Similarly, a wide variety of habitats in
southeastern Peru, with high associated plant species richngsedcaith niche

partitioning among the parrot family, allows for a very species rich parrot assemblage.

5.5.3 Toxin delimitation and claylick use: for and against

The detoxification limitation hypothes{sreeland and Janzen, 1974, Dearing and Cork,
1999) suggests that theility of generalisherbivores to eliminate plant secondary
metabolites (PSMdargely determines which plants, and how much, they catteaa
difficult hypothesis tdormally test, requiring an understanding of thetabolic

pathways that lead to toxin eliminatiodowever, | am able to discuss the implications
of these finding in the light of the prediction about animal feeding offered by the

detoxfication limitation hypothesis:



1. Feeding rates depend on ttates at which érbivores can detoxify PSMs so
the herbivore will need to alter itate of feeding with changing concentrations of a
PSM in the food to keep the raikingestion of the PSM stable (Marsh et al., 2006)

2. Yecialistherbivores should be better at detgixig the PSMs they encounter
than shouldyeneralists. Specialist herbivores rely on few plants for most of their food,
whereagyeneralist herbivores tend to eat many different plants, even when one is
abundant{Marsh et al. 2006)

3. As a consequence pfediction 2 the ability of a herbivore to deal with toxins

determines dietary width and how much it can(8arensen and Dearing, 2003)

Few studies of Neotropical bird groups feeding rates, coupled with a lack of the intricate

knowledge needed to uestand how birds deal with toxins, make it difficult to

comment on the first prediction in relation to how feeding rates compare across

families. At the very least, the number of birds foraging per hour is correlated with other

canopy frugivore$ guans ad toucans, suggesting that parrots do not have to spend

longer foraging in order to balance toxin loads (Lee unpublished data). All parrot

species studied here had broad diets, consistent with the prediction that species faced

with a range of dietary toms exhibit broad dietary width. Gilardi (1996) showed that

plant materials eaten by parrots were generally rich in prdigid, essential minerals,

and often potentially toxic chemicakhat no macaws avoid toxic plants, and that one

speciesA. macag selected foods that were significantly more tdkign many foods

that they avoidedl'he parrot family are also regarded as specialists with regards seed

predationi no other Neotropical bird family competes (Juniper and Parr, 1998). Thus

for the parrotamily as a whole, there is support for predictions 2 and 3.
Extending the reasoning of the hypothi

parrot species that wuse claylicks | ess f

claylick users (due to the abilitf the clay to neutralize toxins) then we carexamine

prediction 3. Dietary breadth was not correlated with claylick dependence for the family

as a whole, suggesting then that toxins are either not a leading explanatory variable, or

that the toxin limiation theory does not hold for the parrot family. In contrast, that

dietary breadth at the seasonal level was only correlated (positively) with mean daily

claylick use for one species suggests against the hypothesis that claylick use allows

species to eanhore food items normally protected with dietary toxins, proposed by

Diamond (1999). It also suggests against the toxin delimitation theory, where negative
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correlations would have been expected, thus implying that parrot species are
physiologically able taleal with the diets they choose.

Where the toxin delimitation hypothesis is accounted for is in the dietary breadth
for ScarletMacawA. macaachicks, which is much lower than that recorded for adults
(Renton, 2006, Brightsmith unpubl. data). In souttezasPeru, as much as 80% of crop
samples fromA. macacachicks consists of clay (Brightsmith and Cornejo, 2009). As
such, macaws may thus be counteracting toxins in food sources rich in protein and fat
from a smaller range of plants that are also chenyieadll defended. Thus, background
levels of geophagy may be partially explained by dietary deficiencies, while toxin
adsorption may explain a degree of seasonal changes in claylick use, which are strongly
correlated with breeding season (Brightsmith anth€jo, 2009). Developing chicks
may not have the capacity to deal with dietary toxins as do adult parrots, but rapidly
growing chicks would also have a high nutrient demand.

| also show that dietary width increases seasonally in proportion to available
food resources for over half the species for which data was available. The data show
that seasonal changes in abundance are more correlated with the fruiting of rare species
associated with floodplain forests than with claylick use. Claylick use insteathovas
associated with species preferring successional forest. Plants invest more resources in
defending leaves, and presumably other plant parts, that will be longer lasting (Coley
and Bar on e, all&catidncojresourcésdorchemidal defenwey ke atthe
expense of growtfHerms and Mattson, 1992). Possibly related to this is that the
speciefDchroma pyramidale, Inga altendCecropia sciadophyllaall associated with
successional forest, were among the top five species where | recorded trst greate
numbers of foraging encounters, and are also eaten by a range of other birds and
mammals (Lee pers obs.). This suggests that the plant species assemblage in
successional forest is most likely tleast well chemically defendedrguing against the
needto consume soils to protect against dietary toxins. Coupled with this, birds
associated with secondary habitat consumed the lowest proportions of seeds. As such, |
speculate that the narrower species richness of successional forest species is more likely
to result in a nutrient deficient diet compared to species presented with a wider variety
(of presumably better chemically protected) plant species from species rich mature
floodplain andierra-firme forests.

Gilardi (1996) concluded thatacaws did not@pear to make dietagelections

based on mineral contettiowever, that parrots choose foods based on dietary needs is
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displayed in crop samples froBtarlet MacawAra macaachicks, whererop contents
contained higher protein level@t levels and the atroelements calcium and
magnesiunthan the average food plariBrightsmith and Cornejo, 2009 study of
geophagy from southeastern Peru was abieléoout all the minerals except sodium as
the primary cause @jeophagy(Gilardi et al., 1999). Sodiuis consistently low in all
dietary components, while potassium is generally high (Brightsmith in piiéss).
sodiumlevels of crop contents were nearly seven times the values in the average food,
suggesting that the adults actively seek out sodium so{Baghtsmith and Cornejo,
2009)1 and claylick soil is an important source of sodium (Powell et al., 2009)

It has previously been stated that claylick use may well be related to a variety of
the reasons that best explain geophagy for different spedéteirent parts of the
world (Diamond et al., 1999). | caution against extrapolating reasons for geophagy
across species and regions, and although claylick use does not appear to be related to
diet for this assemblage of parrots in this part of the wiirtiy; no means signifies that

this applies to other parrot communities (or species) in other parts of the world.
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Appendix 5.1a: Foragingams of small parrots and parakeets from survey sites along the Tambopata river for tb@020périod. F =
flower, W = whole fruit, S = seed or seed paRs; pulp, O = other, U = unknown, IN = insect.
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Appendix 5.1b: Foraging items of large parrots and macaws from survey sites along the Tambopata River fc208920d. F =
flower, W = whole fruit, S = seed or seed paRs, pulp, O = other, U = unknown, IN = insect.

A. farinosa

A. ochre
cephala

A. ararauna

A. chloropterus

A. macao

A. severus

=

O

P

wW

=

P

S

=

L

o

P

w

F

In

L

o

w

FIL|O

P|S|IW|J|UIF [L|O]|P

ANACARDIACEAE

Astronium graveolens

Tapirira obtusa

ANNONACEAE

Guatteria

Oxandra xylopioides

APOCYNACEAE

Aspidosperma
megalocarpon muell

Tabernaemontana
heterophylla

Tabernaemontana
stenotachya

ARECACEAE

Euterpe precatoria

10

14| 4 1 3

Iriartea deltoidea

Mauritia flexuosa

Oenocarpus bataua

Oenocarpus mapora

Socratea exorrhiza

BIGNONIACEAE

Jacaranda copaia

Sparattosperma
leucanthum

BIXACEAE

Bixa urucurana

BOMBACACEAE

Huberodendron

15¢




A. farinosa

A. ochre
cephala

A. ararauna

A. chloropterus

A. macao

A. severus

=

O

P

=

P

S

=

L

o

P

F

In

L

o

=

L

O

=

L

0]

swieteniodes

Ochroma pyramidale

15

BORAGINACEAE

Cordia ucayalina

BURSERACEAE

Protium amazonicum

Protium aracouchini

Protium
rhynchophylium

Trattinickia rhoffolia
var. Lancifolia

CARYOCARACEAE

Anthodiscus klugii

Caryocar
amygdaliforme

Caryocar glabrum

CLUSIACEAE

Chrysoclamys ulei

Symphonia globulifera

COMBRETACEAE

Terminalia oblonga

CUCURBITACEAE

Cayaponia macrocalyX

Favillea

Fevillea amazonica

EBENACEAE

Diospyros poeppigii

ELAEOCARPACEAE

Sloanea fragrans

154




A. farinosa

A. ochre
cephala

A. ararauna

A. chloropterus

A. macao

A. severus

=

O

P

=

P

S

=

L

o

P

F

In

L

o

=

L

O

=

L

0]

Sloanea guianensis

N

EUPHORBIACEAE

Croton lechleri

Dalechampia
stipulacea

Drypetes gentryi

Hevea brasiliensis

Sapium glandulosum

Sapium ixiamasense

Sapium marmieri

FABACEAE

Acacia loretensis

Apuleia leiocarpa

Barbebydendron
riedelii

Caesalpinia apuleia

Cedrelinga
cateniformis

Copaifera

Dialium guianense

Dipteryx micrantla

Enterolobium

Enterolobium
barnebyanum

Enterolobium
cyclocarpum

Erythrina

Erythrina poeppigiana

Erythrina ulei

15¢




A. farinosa A. ochre | A. ararauna A. chloropterus A. macao A. severus
cephala

FIO|P [S|IW|U|F|P|S|F|L|O|P|S |W|U|F|In|L|O|P|S |W|[U|F|IL|O|P [S{W|JU|F |[L|O|P

N

Hymenaea courbaril

Hymenaea oblongifolia 5 1 111 1

Inga 1 2 1 1 111

Inga acreana 1

Inga alba 51 1 111 1(2

Inga chartacea 1

Inga edulis 2 1 1(1 1

Inga punctata 1 3

Inga semialata 1

Parkia 1

Parkia nitida 1 1

Parkia velutina

Schizolobium 4 1
parahybum

Schwartzia 1

Swartzia 4 2

Swartzia cardiosperma 1

Tachigali polyphylla 5 1

Tachigali vasquezi 1

FLACOURTIACEAE

Casearia decandra 4 1(3 2

Laetia procera

LAURACEAE

Ocotea cernua 1

LECYTHIDACEAE

Bertholletia excelsa 11|15 1(7 113(12] 2 1 11 119

Cariniana decandra 1 1 1

15¢€




A. farinosa

A. ochre
cephala

A. ararauna

A. chloropterus

A. macao

A. severus

=

O

P

=

P

S

=

L

o

P

F

In

L

o

FIL|O

=

L

0]

Couratari guianensis

Eschweilera coriacea

Eschweilera tesmanni

o | W

LOGANIACEAE

Strychnos asperula

MALPIGHIACEAE

Byrsonima

Byrsonimaarthropoda

Byrsonima poeppigii

Mascagnia platyrachis

MALVACEAE

Apeiba aspera

Ceiba samauma

Quararibea ochrocalyX

MARCGRAVIACEAE

Norantea guianensis

MARCHANTIACEAE

Marchantia

MELIACEAE

Cedrela odorata

Guarea pubescens

Trichilia pleeana

MENISPERMACEAE

Anomospermum
boliviana

Anomospermum
grandifolium

Borismene japurensis

MORACEAE




A. farinosa A. ochre | A. ararauna A. chloropterus A. macao A. severus
cephala

FIO|P [S|IW|U|F|P|S|F|L|O|P|S |W|U|F|In|L|O|P|S |W|[U|F|IL|O|P [S{W|JU|F |[L|O|P

Brosimum acutifolium

Brosimum acutifolium
subsp obovatum

Brosimum alicastrum

Brosimum guianense

Brosimum lactescens

Castilla ulei

Clarisia racemosa

Rl RN R R w
'—\

Ficus

Ficus pertusa 1 1

Ficus trigona 1

Helicostylis tomentosa 1

Psaidolmedia 1

Pseudolmedia 21 4 1 1
laevigata

Pseudolmedia laevis 513]| 4 1 1 11 1

Pseudolmedia 1|4 1 1 211
macrophylla

Psaidolmedia rigida 1

Sorocea pileata 1

MYRISTICACEAE

Otoba 1

Otoba parvifolia 1[5 1 2 1( 1 3|3

MYRTACEAE

Psidium guajava

OLACACEAE

Heisteria acuminata 1

OPILICIACEAE

15¢




A. farinosa

A. ochre
cephala

A. ararauna

A. chloropterus

A. macao

A. severus

=

O

P

=

P

S

=

L

o

P

F

In

L

o

=

L

=

L

0]

Agonandra

POACEAE

Guadua

Hilla ulei

SAPOTACEAE

Ecclinusa lanceolata

Guatteria acutissima

Pouteria

Pouteria macrophylla

Pouteria paridy

Pouteria procera

Pouteria trilocularis

STERCULIACEAE

Byttneria

Byttneria
pescaprafifolia

Byttneria
pescapriifolia

Guazuma ulmifolia

Sterculia rugosa

Sterculia tessmannii

Theobroma

URTICACEAE

Cecropia sciadophylla

Pourouma

Pourouma
cecropiifolia

Pourouma guianensis




A. farinosa A. ochre | A. ararauna A. chloropterus A. macao A. severus
cephala
F|O FIP|S|F|L|O|P FlIn|L|O w FIL|O U[F |L|O|P|S
Pourouma minor 1 2 1
Pourouma mollis
Pourouma palmata 1
VOCHYSIACEAE
Qualea grandiflora
Qualea paraensis
TERMITIDAE
Termites 1 1 2

16C




Appendix 5.2: Correlates of claylick usdnabitat and dietary variables used in the correlation analysis presented in Table 5.2.

Variables: 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

Species:

P. rupicola 0.60 0.30 75 037 045 0.18 039 026 0.13 042 337 002 8.09 031 004 083 238 0.38 021 3981 0.70 0.43
P. menstruus 0.16 0.70 251 055 0.69 0.03 032 047 016 037 25 00 2.84 011 0.16 0.68 151 0.32 0.48 162.65 2.40 0.79
A. ararauna 0.26 096 1,125 0.32 0.48 0.10 0.21 0.63 0.03 074 152 0.01 037 0.15 0.04 0.71 1.18 0.75 0.13 5855 050 0.29
A. severus 1.04 0.12 343 0.27 034 054 0.15 028 0.02 041 69.2 0.02 0.18 016 332 094 158 0.71 0.34 86.43 3290 0.58
B. cyanoptera 0.22 0.69 56 0.24 036 041 0.11 0.18 0.29 0.23 66.8 0.01 1159 0.30 087 065 430 055 025 176.20 5.35 0.55
A. weddellii 1.04 0.12 108 051 044 048 0.03 032 0.08 0.10 59.0 0.02 0.66 0.17 535 0.80 2.11 041 0.43 130.15 28.05 0.63
A. farinosa 1.61 0.15 626 0.44 040 0.03 032 055 009 046 3.8 005 1474 0.28 0.01 0.79 221 039 042 29459 180 0.63
P. barrabandi 0.37 0.95 140 0.36 060 0.13 0.16 064 0.06 053 200 0.01 1.00 022 0.00 064 096 0.26 0.34 49.00 4.00 0.59
A. chloropterus 052 0.29 1,214 033 042 006 025 053 011 061 149 001 217 030 022 091 158 0.69 048 18199 1.40 0.64
A. macao 0.60 0.71 1,015 049 0.42 008 0.24 057 007 062 96 003 174 021 003 093 081 049 0.24 59.13 0.60 0.42
P. leucogaster 0.98 0.60 158 0.27 040 024 031 034 0.11 045 7.1 0.04 11.03 033 0.01 091 101 045 0.09 1043 0.30 0.21
A.leucopthalma 1.04 0.12 155 044 0.42 054 0.18 0.28 0.00 0.76 46.7 002 096 036 052 086 159 041 0.12 14578 9.90 0.48
A. ochrocephala 1.03 0.12 440 060 1.00 0.04 033 035 020 058 39 010 1.03 0.00 0.04 047 3.17 036 032 3989 9.70 0.67

Variables:1 NMDS resultsAxis1; 2 NMDS resultsAxis2; 3 Weight; 4 Levin'glietary breadth5 Simplediet width; 6 Proportiomf

flowers in diet 7 Proportion pulp; 8 Proportion seed; 9 Proportion whole; 10 Proportion unripe; 11 Hurlbertsasure of dietary

overlap 12 Morisitameasure of dietary overlap3 Density(ind / knf); 14 Seasonal changediet; 15 Index of successional forest use; 16

Seasonal change in abundanceHabit Ratio (density inFloodplain: Terrafirme); 18 Proportion rare plants in diet; 19 Mean proportion of

days observed at five claylicks; 20 Mean daily claylick (@eenplex ad TRC); 21 Claylick Dependence; Zoportionof claylicks used

in South America
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Chapter 6: Claylicks and people: conservation status and the

impacts of tourism

6.1 SUMMARY

Individual macaw claylicks in southeastern Peru may be worth as much as $100,00
according teecdourism operators in the region, with the potential for earning up to $50
per tourist per visit, excluding services such as transport, food and accommodation. This
gives a maximum earning potential &urveyedclaylicks of the Manu/Tamlpata area

of US$ 2.25 million, although real value is probably half this. Although claylicks are an
integral part of ecotourism tours to southeastern Peru, fewer than 34% are formally
protected by their location in national parks or other state protectas. &vhen

including ecotourism and conservation concessions, 60% of the claylicks surveyed are
protected. Ecotourism is one of Tambopat:
activities and is experiencing high annual growth, but at the time of writinguwleees

no formal protected area guidelines for the control of tourist behaviour or boat traffic
around parrot claylicks. Although parrots appeared to have habituated to boat presence
around one claylicland no differences in feeding are recorded in sitoatwhere

tourists use blinds, boat encroachment to feeding birds and visitation at blinds beyond
their capacity (or nowise of blinds) impact bird feeding behaviour. Based on bird
reactions and feeding patterns in the presence of boats and tourists peat@dy

minimum viewing distance of 100m by boats within protected areas where birds are
otherwise habituated to boat presence, and the use of blinds for viewing claylick

activity. Tour operators were unanimous in their response that macaw claylicks should
have some degree of state protection and claylicks may be firettectedoy

encouraging ecotourism concessions around them.

6.2 INTRODUCTION

All available evidence indicates that riverside claylicks are very important in the dietary
ecology of the arrots of southeastern Peru (Chapter 5) and that for some species a

substantial portion of the population feeds on a daily basis (Chapter 3). However, river

ways are important access routes in the Amazon where road infrastructure is still limited
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(Killeen, 2007). Parrot claylicks will thus experience varying volumes of boat traffic,
and in some areas local people hunt macaws at claylicks (Hammer andHatuen
2003).

Claylicks have varying degrees of protection depending on their location: firstly
by digance from centres of human settlement (Peres and Lake, 2003); and secondly by
where claylicks are situated in terms of land use and management practises. In Peru, the
best protected areas are the system of national parks, where human activity iskrestricte
Limited extractive land use is allowed in national reserves, while buffer zones offer
limited protected status but are zoned as areas to encourage perceived sustainable
economic practises such as tourism.

The Madre de Dios department of southeastera iBeone of the best protected
areas of Amazon rainforest, with 60% of the area encompassed by reserves, national
parks or buffer zones (Salmén et al., 2003). The remaining forestsatire de Dios
department are divided into various concessions€glargas of land provisioned to
small companies or individuals for the purpose of a specific land use, most notably
mining, Brazil nut harvesting, timber extraction and ecotourism). People associated with
these activities offer varying degrees of toleratoceildlife conservation, with timber
extractors presenting an almost year round hunting presence (Sdbtiteiggen and
Rossiter, 2003), Brazil nut harvesters a seasonal hunting presence (Mori, 1992), while
self-sufficient miners tend to hunt less. Eaatiem, conservation and reforestation
concessions are governed by guidelines which restrict hunting.

The tourism and hospitality industry in general contribute a significant
percentage of developing country GBid 2000, 193 million tourists visited
devdoping countries leaving revenues of US$ 145 billion in the process (WTO 2002).
Macaws and parrots are a vitalhyportant part of the tourism packages offelngd
ecotourism companies in southeastern PBrightsmith et al., 2008, Rainforest
Expeditions2010. Macaws and large colourful parrot species have been highlighted as
ambassadors for broader rainforest conservation initiatives, especially where they are
common, predictable and where they provide visually entertaining spectacles and
photographic oportunities (such as at claylickdylunn, 1998) However, there is
concern about the credibility of tleeotourism industry, as many companies that market
ecotourisnproducts fail to live up to the principles of ecotouridrdpezEspinosa,

2002, Fennell ashWeaver, 2005)Ecotourism companies may be intentionally or

unintentionally harming the wildlife and wildlife spectacles upon which they depend by
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not understanding or respecting flight distances of the wildlife that their tourists are
viewing.

Hiking, wildlife observation, and other namonsumptive outdoor recreation can
have considerable influence on the behaviour and distribution of wild ar(ikieis et
al., 1996, Constantine et al., 2004, Finney et al., 2005, Bejder et al., Zh86inpacts
of baat trafficonshoreline birds arfairly well documente@vermeer, 1973Galicia
and Baldassarre, 1997, Burger, 19Bfight et al., 2004 In general, mobile birds move
away from areas of high boat activity, whereas nesting birds show behavioral, growth,
or reproductive effectRodgers and Smith, 1995yith varyingdegrees of habituation
(Burger 1998)Motorized canoes cause antipredatory responses from macaws and
parrots which may cause some birds to leave the area of a claylick totally (Burger and
Goclfeld, 2003).If changes in animdehaviouresulting from direct human
disturbance negativebffect the persistencef a given species or population, then these
behavioural changeraylead to reducedurvival and reproductiofGriffin et al.,
2007) Theimpacts of boats and tourists on parrots at claylicks have not been formally
quantified.

6.2.1 Aims

Determine the value and conservation status of claylicks in southeastern Peru,
highlighting the role of tourism as well as its impacts on bird behathwough tourist
visitation and associated boat traffic. In so doing | provide information for the
ecotourism industry to minimise disturbance of parrots at claylicks. To achieve this aim
| have the following objectives:

1. Assess thealue of chylicks tothe tourist industry isoutheasterReru

2. Determine the degree of protection afforded to clayliclk®utheaster®eru

3. Determine the likely impacts of beadsed and ofoot visitors to claylicks on parrot

behaviourand daily feeding

4. Discusdghe results of B in terms of the future afonservation strategies and

ecotourism best practice for claylick visits
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6.3 METHODS

6.3.1 Study sites

The study area in southeastern Peru has been descriBedgters 3 and 4. The
impacts of boats and taem at claylicks were examined at the Tambopata River
claylicks Hermosa, Gato and TRC (Figure 6Hgrmosawas locatedon the 250 m
wide Tambopata River in the buffer zone of the Tambopata National Reseve
associated with high boat traffiChis was the first claylick on the Tambopata River
after an embarkation port and albboat traffic associatedith touristlodges (up to 50
boats a day) hthto pasghis claylick

6.3.2 Claylick economic value

Managers or owners of tourism enterprises dpegan the Manu / Tambopata region
were asked five simple questidstatementselated to claylick value: rate the
importance of claylicks in your marketing operatigimtem 1 low to 5 high)rate visitor
satisfaction with claylick visits; how much wowdu pay for a claylickin $US) how
much would you charge other operators or tourists for entPaand do macaw

claylicks deserved special protected status from the Peruvian govePnment

6.3.3 Spatial distribution of claylicks in relation to land use

A total of 62 parrot claylick locations were identified through systematic observations

of five major rivers in the lowland Amazon of southeastern Peru (Chapter 3). Locations
were plotted using ArcGIS 9.2 (ESRI). A 2006 database of protected areas, ans;essi
settlements and other lainde types for southeastern Peru was obtained from the

Peruvian Institute for Natural Resources (INRENA). The number of claylicks occurring
ineachlandu s e type was calcul ated usi (BgyetHawt h
2004) A 10 km buffer zone of a database of settler communities was calculated using

the Buffer feature (ArcToolbox) and merged in order to calculate the total area using the
add AREA/PERIMETER to table tool in HawthsTool$ie 10 km radius was used
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becaise this is the distance hunters in the Amazon basin are prepared to travel on
hunting trips(Peres and Lake, 2003, Naughfbreves, 2002)

6.3.4 Human impact on parrot claylick activity from boats and tourists

Monitoring ofclaylick use by parrotdoattraffic and tourist groupwas conducted at
theHermoseclaylick from January 2006 to December 2009 and at Gato and TRC data
on claylick use by parrots and tourist groups were collected from January 2008 to
December 2009. Gato was off the main river awtived orfoot visitors only. Passing
boat traffic was negligible at TRC since no lodges existed past the claylick there.

To monitor bird activity, observers arrived before daybreak in order to not
disturb bird activity. The number of birds were recarde the claylick every five
minutes to quantify daily feeding activity (Brightsmith, 2004). An estimation of the
total number of birds for each species was estimated (maximum count). A measure of
seasonal variation was calculated from the daily feedirgj\ogting the three months
with lowest feeding by the three months with highest feeding.

If birds flew from the trees or the claylick together in a large group, this was
recorded as a flush (also known as an-prédatory responselResponses to souraefs
disturbancéboats, tourists, mammals, birds of prey, other e.g. falling rocks)
classified as follows: D no reaction, I increase in alarm calls,i2slow dispersal of
birdsfrom the vicinity of theclaylick, 37 minor flush (up to 75% of birdske flight,
but remain in the area),idmajor flush (up to 100% of the birds take flight, but remain
in the area), 5 complete flush (100% of the birds take flight and leave the area
completely for a time period of at least ten minutBglsponses werecorded
separately for birds in the trees and on the.dlag time of dlboats passing in front of
the claylick were recordeas well as direction of travalfgstream or downstregm
engine typefekepeke- a longshaft + 16 hp 2ycle motoror outb@rd motori short
propellershaft, quieter, 25 hp upwards) amolw birds on the claylick or in the trees
above the claylick reacted to the boat (using the flush categories described @beve).
closest distance to the claylick of each boat was recordedivet50 metre bands, with
1 being close to the claylick a0 m and 5 being furthest away at 20850m.

The time of arrival and numbers of tourists visiting three claylicks (Hermosa,
Gato and TRC) were recorded. Flush categories were applied¢d ggponses to

arriving tourists as described for boats above. The use of blinds (observation hides) was
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noted. Three observation points at TRC were located at different sections of the claylick
(left, middle and right), at distances of 105, 150 and B&spectively. Guides took their
guests to where feeding activity had been observed most frequently. In order to
determine the impact of tourist presence in relation to distance, the daily proportion of
the total feeding was calculated for each of theetsections (left, middle, right) for

each species of parrot.

6.3.5 Statistics

Data were tested for normality using histograms and appropriate parametric and non
parametric tests used as applicable. A wag analysis of variance (ANOVA) was used

to testthe influence of distance of boats from the claylick on bird readfionthis

analysis boat distance was measured using the distance bands discussed above and bird
reaction was theneanbird reaction MannWhitney U tests were used to compare

feeding athe claylick for each species with and without tourists, and overall differences

in seasonality between claylicks for the parrot assemblagesqDiared tests were used

to test seasonal variation in feeding at the claylicks between TRC and Hermosa for eac
species. KruskalVallis tests were used to compare feeding pattern differences among
claylicks and differences in boat trafstnongmo nt hs. Spear mands r at
were used to test the relationship between daily feeding patterns and touristsiumb

6.4 RESULTS

6.4.1 Claylick value

Responses to the survey were received from eight ecotourism companies (Table 6.1; see
acknowledgements for details). Respondents were unanimous in their belief that macaw
claylicks should have some degree of offigtate protected status. All respondents

would be willing to pay for a claylick, with responses ranging from US $4,000 to
$100,000. Claylicks have an earning potential (according to how much these tour
operators would charge other agencies) of up topg®bs®isitor. With tourist numbers to
Tambopata and Manu around 45,000 in 2005 (Kirkby et al., in press), claylicks have a
potential maximum earning potential of $2,250,000 per year. A more realistic charge
would be closer to $25 (Table 6.1), valuing clekdi at $1.08 million. Respondents
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pointed out that claylick value and charge rate would depend on the quality of the

claylick in terms of numbers of birds and species.

Table 6.1Value of claylicks in southeastern Peru from surveys of tourism operators

from the Manu and Tambopata regions of southeastern Peru, n = 8 respondents.

Metric Mean * s.d

Value of claylicks to tourism company marketing (1 low, 5 high) 3.6 + 0.9

Satisfaction of claylicks as an ecotourism attraction (1 low, 5 hit 3.9 £ 1.0

Hypothetical single value payments for claylicks (x US$ 1,000) 45.6 + 40

Hypothetical tourist access charge rates (US$) 28 £16

6.4.2 Spatial analysis of claylicks and their protected status

Only 21 of 62 claylicks (34%) occur within state protected areasding buffer zones
(Figure 6.1; Table 6.2). Since 16 of the 21 claylicks in state protected areas fall within
buffer zones, where no conservation measures are enforced, only five claylicks (8%) are
protected by reserves and national parks. Sixteehalayccur in private ecotourism

or conservation concessions indicating that 60% of the claylicks mapped here (by no
means a complete list of all the claylicks of Madre de Dios), are offered a degree of

formal protection.
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Figure 6.1: The location of §2arrot claylicks (red circles) in southeastern Peru in
relation to state reserves and national parks (blue), ecotourism or conservation
concessions (pink) and mining concessions (green). The remaining areas are

predominantly timber extraction and Brazitmencessions, and private land usually

used for small scale agriculture. Purple circles indicate community centres and the thin

black line indicates a 10 km buffer (a zone within which hunting could reasonably be

expected to occur). Monitored claylick kions: 1 Hermosa, 2 Gato, 3i TRC.

A 10 km buffer zone of settlements in the study area was 27,33 Fknty five

claylicks (73%)occurred within the buffer. Twelve claylicks (19%) were located in

| NRENAG6s Ocrisi s zone 6 iofabReseeaaadbufferfzoneé h e
deemed to be at high risk from illegal settlement, timber extraction and mining

activities) at a density of 0.5 claylicks per 100%km

T ¢



Table 6.2: Claylick density (claylicks / 100 Rnin southeastern Peru in relation to

differing land use status.

Land use Total Area (knf)  Claylicks / 100 km
claylicks

State protected areas

BahuajaSonene National Park 1 10,921 0.9
Tambopata National Reserve 2 2,783 7.2
Tambopata Buffer Zone 9 4,494 20
Amarakaeri Reserve 2 402 49.7
Amarakaeri Buffer Zone 7 716 97.8
Total state protected areas 21 19,317 10.9
Brazil nut concessions 0 726 0.0
Ecotourism & conservation 16 2,222 72.0
concessions

Native community 3 204 146.7
Titled lands 4 3,433 11.7
Wood extraction concessions 1 1,018 9.8
Mining concessions 5 3,332 15.0
Outside concessions and designate 12

areas

The highest claylick density occurred in land managed by native communities, although
this was also the smallest total land use. Although the largest numbers akslaydire
located in ecotourisrand conservationoncessions, 14 (88%) were located in a single
conservation concession of 1,466%uwhile mean ecotourism concession size @a6

+ 26.3 knf (n = 24).

6.4.3 Ecotourism based threats to claylicks

On averag 27 * 8 boats passermosaclaylick between sunrise arddh00 (n = 419

days) Boats with outboard motormpstly used byourist lodges) forrad the majority

of traffic while boats driven by pekeeke motorsysed bylocal residents along the

river) were less frequentnfean outboardt7 + 6 per daypekepeke:10 + 4 t =20.1,p

< 0.001, df = 772 Tourist traffic typically travelled downriver in the early morning to
take tourists to the airport, and back upriver in the afternoon with recently arriving
tourists, resulting in a bimodal daily peak in boats passing the claylick per hour (Figure
6.2).
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Figure 6.2: Hourly trends in boat traffic (mean boats per hour, error bars represent s.e.)
for boats with outboard motors (associated with tourist movemerdg)ekepeke

motors passing the Hermosa claylick from January 2006 to December 2009.

Pekepeke boats travield furtherawayfrom the claylickcompared to outboard boats

(outboardsnedianzone interquartile ranges, 2 - 4; pekepeke 4, 3- 5; Mann

Whitney U test: Z =29.9, p < 0.01)There was no significant difference between flush

rankings for the two types of boats for parrots in the trees (outboard median flush

ranking,interquartile range0, 0- 1; pekepeke:0, 0- 1; Z =-1.6,p = 0.11), or bids on

the claylick putboard0, 0- 1; pekepeke: 0, G 1; Z =-0.3,p = 0.81). Compared to

any other distance bandydts travelling within 5@n of the claylick caused

significantly more flushes for both birds in the tremsgway ANOVA; F, =25.5p<

0.00L; Tukey HSD) and birds on the claylicBneway ANOVA,; F, =14.1,p < 0.001;

Tuskey HSD). Zones 3, 4 and 5, equivalent to beyondri,ddrmed a homogenous

subset with lower rates of flushinBeyond 100 m pekpekes were more likely to

cause a flusbf birds from the trees than outboard motors (flush response for peke

pekes: 0, O 2, outboard: 0, 01; Z =-25,p =0.01), and this response was a trend for

birds on the claylick (pekpeke: 0, G 1, outboard: 0,01; Z =-1.7, p = 0.08).
Touristrelated boat traffievas seasonal, with more boats associated with tourist

high season from April to November, peaking in Audéggure 6.3; Kruskal Wallis

t e §=% 214 p <0.001, df = J1At the monthly levelfeeding for5 of 6 early morning

speciesvaspositivelycorrelated withearly morningoutboard mototraffic (Blue-
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headed Parrot; = 067, p = 0.02 n =12; Chestnuifronted Macawrs= 0.8, p = 0.002

n =12; Mealy Parrotrs= 06, p = 0.04 n =12; Orangecheeked Parrots= 0.7, p =

0.02 n =12; Yellow-crowned Parrotrs = 06, p = 0.03 n =12). Since the need for

claylick use is independent of tourism and instead a regional phenomenon as seasonal
patterns at claylicks away from boat traffic are generally correlated (Chapter 3), this
suggeests boat traffic does not negate natural seasonal patienusyver, the degree of
seasonality (3 months with lowest feeding / 3 months with highest feeding) may be
impacted as seasonal variation for parrot claylick activity for the parrot assemblage at
Hermosa (with boat traffic) tended to be lower than at TRC (no boat traffic) (seasonality
Hermosa median, interquartile range: 0.23, 0.0227; TRC: 0.09, 0.0v 0.11; U = 11,

Z =-1.6,p =0.1). The degree of seasonality between Hermosa and TRC was
significantly different forBlue-headed Parrd®. menstruu$ % = 8.1,p = 0.005)
Dusky-headed Parakegt weddellii( % = 15.1, p < 0.0013ndCobaltwinged Parakeet

B. cyanopterd % = 24, p < 0.001). However, the following species which also peak in
feedng activity during tourist high season showed no difference in seasonal variation
between sitesA. severug % = 3,p = 0.08) andOrangecheeked Parrd?. barrabandi

( %=0.7,p = 1), while Yellow-crowned Parrof. ochrocephalahowed greater

seasondlt y at Her mosa %cadmp@d)ed to TRC (6

25 ~ T 1600
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Figure 6.3: Annual patterns of boat traffic (outboard driven boats andpaiesdriven
boats) and claylick use by all parrots at Colpa Hermosa, for the perioe2R096Bars

represent standard error
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Tourists were present on 78.4% of days at Colpa Hermosa (n = 356). For days when
tourists visited the blind, mean number of tourists visiting Colpa Hermosa per day
before 08h00 waB.01 = 5.83n = 201), while the number of tourists visiting after
08h00was 12.88 + 9.48 (n = 241At El Gato claylick, tourists were present on 55.7%

of days, with group size 3#5.9 (n = 130). There was no difference in early morning
feeding between days with tourists present and tourists absent at either Gato (median,
interquartile range for tourists present: 115,460; absent: 15,0270; Z =-0.22,p =

0.83) or Hermosa (tourists present: 757, BA356; absent: 677, 2811191, Z =-0.7,

p =0.5).

The capacity of the blind at Colpa Hermosa was 15 people. Manelc
tourists visited Colpa Hermosa on less than 9% of recorded early mornings. Three of the
six regular early morning feeders fed in lower numbers when more than 15 tourists were
present (Appendix 6.Blue-headed Parrd®. menstruusQrangecheeked Paot P.
barrabandiandYellow-crowned Parrof. ochrocephala On 29% of days more than
15 visitors visited the claylick after 08h00. There was no difference between days when
capacity was exceeded and days with fewer visitors for the four species thériegd
this time (Appendix 6.1).

Tourists at TRC visited on 84.6% days and mean group size was 8@BZn =
416 days). Tourists generally arrived early (before 05h30) and never later than 08h00
and were seated on folding chairs with little or no coimseat from the claylick. The
following species fed less with tourists pres@itie-headed Macaw. couloni
(present10+ 27, absentl7 + 38, Z =-2.1, p = 0.04) andChestnuiffronted MacawA.
severugpresent225+ 381, absent: 369 417, Z =-3.2, p = 0.002).Chestnuifronted
MacawA. severusaandMealy ParrofA. farinosashowed significant negative
correlations between daily feeding at the claylick and higher numbers of tourists
(Appendix 6.2).

Eight species (57 %) fed in lower numbers in the preseiagtoer numbers of
tourists at the extreme ends of the lick, associated with viewing sites closest to the
claylick (Table 6.3). No species feeding at the middle section where the viewing area
was located furthest away (and with traditionally the most atnofwvisitors) were

impacted by higher tourist group size.
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Table 6.3: Impact of tourist number on parrot feeding at different sections of the
claylick at TRC. Correlations were conducted between tourist numbers and the
proportion of the total amount &deding that was observed at each section. Left, middle
and right sides were 100, 150 and 80m respectively. Values for p witegkation is
significant at the 0.05 level {iled)are indicated in bold. n = 416.

Left side of lick Middle Right side
rs P rs p rS p
All <08h00 species -0.12 0.015 -0.01 0835 -0.15 0.003

Redandgreen Macaw -0.01 0912 -0.02 0.716 -0.06 0.259

Blue-andyellow Macaw  -0.02 0.701 0.02 0.71 -0.11  0.027

Scarlet Macaw -0.05 0.269 -0.03 0.589 -0.10 0.039
Blue-headed Macaw -0.09 0.072 0.05 0.345 -0.01 0.867
Chestnuffronted Macaw  -0.12 0.017 0.02 0.648 -0.14 0.005
Redbellied Macaw -0.12 0.017 0.00 0.963 -0.14 0.005
Mealy Parrot -0.06 0.259 0.05 0.323 -0.11 0.021
Yellow-crowned Parrot -0.11 0.024 0.07 0.151 -0.11 0.024
White-bellied Parrot -0.14 0.004 0.08 0.101 -0.05 0.36
Blue-headed Parrot 0.00 0.988 0.03 0.492 -0.15 0.002

Orangecheeked Parrot  -0.135 0.006 -0.01 0.836 -0.083 0.091

Duskyheaded Parakeet -0.054 0.274 0.05 0.336 -0.042 0.392

White-eyed Parakeet -0.206  0.01 0.09 0.068 -0.05 0.305

6.5 DISCUSSION

6.5.1 The contribution of claylicks to the tourist industry in southeastern

Peru

Tourist enterprises that have access to claylicks (which includes most of the Tambopata
and Manu area operators) rank them Jagply in terms of both their marketing and

the satisfaction that they provide tourists. Although this study was not able to separate
the value of claylicks from other ecotourism activities offered, such as boat trips, jungle
walk, lake excursions and agwy towers, claylicks command a high price in the

industry and furthermore have the potential to earn substantial amounts in tourist
revenue. Munn (1992) calculated from revenues of Peruvian forest lodges and
interviews with tourists that each large maeawld generate between US$750 and
$4,700 in tourist receipts a year. The Hermosa claylick, where the maximum number of
individuals observed around the claylick rarely exceeded 40 (Chapter 3), was
considered a small claylick for the region and would vabeectaylick at $188,000 at
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Munndés (1992) wupper value. This would mal
in this study at $100,000) a good investment since the minimum number of macaws
observed on a daily basis during the high season during 2008dextc#50 i.e. with the
potential to earn $705,000 in tourist receipts. This natural capital has yet to be fully
realizedi a study of the value of claylicks as an attraction at one lodge showed that

60% of visitors had not even heard of claylicks, althaihghmajority rated a visit to a

claylick as one of their top attractions (Rensing and Zwerver, 2008). It also makes
current national reserve entrance fees extraordinarily good value for money for tourists
at the current time, with a one week permit $50r@u2009. As colourful birds,

claylick photos and the experience tend to feature high on ecotourism marketing.
However, tourism satisfaction was rated as mixed. This was probably due to the
seasonal patterns associated with the claylicks and lack atyaesgociated with rainy
weather. This needs to be considered if tourists are to remain satisfied with the expenses

they are occurring.

6.5.2 The protected status of claylicks

Claylicks are often used as sites at which to conduct sit and wait huarttigt
(Montenegro, 2004) arge macaw claylicks probably have a catchment area of
hundreds of square kilometres, as do the tapir claylicks of the regrdh individuals
travelling 10km or more in order to visit claylicks (Tobler, 2008)at a large

proporti on ogarrotclaydicksrfadl githio thedasea for which it has been

shown hunting has an impd€teres and Lake, 2008hd that remaining macaw

claylicks would all be accessible by boat is cause for conaéitrough a large
proportionoft he regi onés claylicks are afforded
national parks or ecotourism concessions, it has been recognised that there are limited
resources within the existing natural areas management structure in order to ensure
these sitesvill remain undisturbed and maintain their inherent value (Oliveira et al.,
2007).
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6.5.3 The impacts of visitors to claylicks on parrot behaviour and daily

feeding

Ecotourism has the threefold goal of generating incfsore naturebased attractions,
channeling support to protectadeas and local communities, and creating rewarding,
educational experiences for tourigtsuger, 2005) Claylicks offer ideal natural capital
for ecotourism and can in tube better protected through ecotourism enterprise
stakeholder participatiohcurrently considered the best way of conserving Amazon
rainforests and their resourgg&ampos and Nepstad, 2006, Christian et al., 1996)
However, parties interested in pursuing concessions around claylicks need to be aware
of the impacts that tourism in turn can have on the resource from which they aim to earn
an income.

Birds can haibuate to the presence of baabsit boats coming too cloge100m)
to a claylickoftencause antpredatory responseBoats may cause diurndlits in
feeding behaviour. Chapter 3 shows diurnal patterns for three claylicks for large
macaws, each displaying differing peaks in use. At Piedras and Gato, claylick use in
tourist and boat low areas peaks in the mid morning. Although there is nodffi@it
TRC, here instead use of a trail system above the claylick durinrguariding periods
may be pushing the feeding time to later in the day. At Hermosa, with combined boat
and tourist traffic, there was no peak in feeding, with feeding obsenaatiout the
day and into the miafternoon. Macaws may also feed for less time when faced with
large amounts of boat traffic (Lee, 2006). Although our observations are from relatively
few claylicks, the need for a cautionary management approach is recdeanen

The true cost of disturbance may be underestimated in species that manifest few
overt responses to human disturbance. Species with limited ability to move away from
disturbance could suffer a high demographic ¢(@dt et al., 2001) Impacts may ats
depend on age, for instanadult HoatzingOpisthocomus hoatzimabituate to regular
tourism butuvenile birds exhibitncreased hormonal stress responses, reduced body
mass, andbwer survival than those at undisturbed s{tdéliner et al., 2004)Other
apparently habituated animals display altered hormonal and behavioral responses to
threatening situations.g.habituated but highly disturbedagellanic Penguins
Spheniscus magellanichave a reduced capacity to secrete corticosteiadker et
al., 2006) Even where habituation does not result in physiological or behavioural

changes, tolerance is unlikely to be abschgt@nimals continue to flee from some
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tourists and expend time and energy monitoring those outside the flightFzahand
Dill, 2002).

The fact that macaws seem to have habituated at the site showing greatest boat
traffic may not necessarily mean that there has been no impauij\aduals that were
sensitive tdoatdisturbancenay havdeft the region before our study beg@ejder et
al., 2006). This highlights the need to monitor relatively undisturbed claylicks in areas

that face potential increasing boat traffic.

6.5.4 The future of conservation strategies and ecotourism best practise

for claylick visits

Claylicks have n@azetted protected status under Peruvian law. These sites are a natural
asset and should be a source of pride as no where else are claylicks as abundant or
visited by as many individuals and species of birds (Chapt&h2)high value placed

on claylicksby tourism operators in the region coupled with the large number of

claylicks falling outside protected areas emphasizes how encouraging ecotourism
concessions around claylicks isogicalway to extend protections to these natural

assets using currergridmanagement regulations, even if official state protection of
claylicks is a long way offif birds stop visiting claylick®r are reduced to below

critical numbers where they no longer feel safe to,féed will have severe

consequences for the tosm industry.

It appears that birds cérecomehabituated to the presence of boats, although
boats approaching the claylick to witHifOm are still a cause of concefdn narrower
river systems, especially those with hunting, any boat traffic is lialause
antipredatory responses (Lee, 20B)man presence can impact feedimglaylicks
negatively, and claylick observation protocols which reduce this impact need to be
developed anddhered tan order tominimise the impact on bird8y doing so wil
improve the overall ecotourism experienOger timetourism activitiesaat some
locatiors may compromise parrot physiology in a manner that limits conservation goals
for the species and hence tourism.

Practical guidelines for tour operators that laased on parrotactivity patterns
may ensure more sustainable pawatching tourisml advocate the use of blinds and
would discourage groups without blinds to observe claylicks from a distance of less

than 100 metres. However, as the visual impact ofitide ban only be appreciated



with a telescope beyond these distances, blinds with concealed approaches are
recommended. These can be placed as close as 30 m from a claylick, as long as they are
adequately constructed, tourist movement is restricted aedsatxzthe blinds are

concealed. In Peru, all tourist groups visiting claylicks in protected areas do so with the
company of a guide, as this is part of the park regulation system. This offers an
opportunity to implement codes of best practise by introdutmurist group conduct

concepts into the guide training curriculum. Ultimately, responsible tourism around
claylicks will recuire a strong, welenforced management plan and continued education

of locals, touristsand the tourist industry
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Appendix 6.1: Impact of largeuristgroups (>15 people) on claylick uaeHermosa
Daily claylick use (median birdminutes, interquartile range) for ten species of parrot,

with MannWhitney U results. Results significant at the p < 0.05 level are presented in

bold.

More than 15 15 or fewer

tourists tourists
Pre 08h00 species: N=30 N=326 U Z P
P. menstruus 0,0-67.5 57.5,0-143.75 3560 -2.51 0.012
A. severus 0,0-22.5 0, 0-40 4320 -1.14 0.253
A. weddellii 5,0- 105 30, 0- 258.75 4411 -0.93 0.352
A. farinosa 0,0-25 0, 0-15 4231 -1.45 0.148
P. barrabandi 0,0-0 0, 0- 25 3888 -2.13 0.034
A.leucophthalma 0,0-0 0,0-0 4770 -0.87 0.386
A. ochrocephala 0,0-775 27.5, 0- 105 3560 -2.53 0.012
Post 08h00 species: N=96 N=260
P. rupicola 20, 0- 220 17.5,0-191.25 12407 -0.1 0.929
B. cyanoptera 0, 0- 55 0,0-5 11863 -0.9 0.344
A. chloropterus 155, 50- 345 170, 50- 325 11952 -0.6 0.54
A. macao 0,0-0 0,0-0 11963 -1 0.312

Appendix6.2: Tourist impact on parreaictivity (Claylick use asnedian birdminutes,
interquartile range) at TRC for 2068d2009, indicating differences between days with
tourists present and absent, and correlations (Spgadnsa) bet ween f eedi n

tourist numbers (n=415).

ABSENT PRESENT MannWhitney Correlations
U

Species Claylick use  Claylick use U Z p rs p
A. chloropterus 0,010 0,010 10851 -0.5 0.644 0.04 0.395
A. ararauna 5,0-105 25, 01 135 9839 -15 0.144 0.08 0.094
A. macao 0, 0i 15 0, 0i 25 10096 -1.2 0.22 0.02 0.719
P. couloni 0, 07 25 0, 07 10 9620 -2.1 0.04 -0.06 0.23
A. severus 265, 351 585 120, 15 270 8319 -3.2 0.002 -0.14  0.005
O. manilata 280, 151 780 182.5, 20 9459 -1.9 0.062 -0.09 0.069

428.75
A. farinosa 125, 0i 1365 45,0-617.5 9643 -1.7 0.095 -0.12  0.018
A. ochrocephala 20, 0- 85 25, 0- 108.75 10451 -0.7 0.459 0.08 0.102
P. leucogaster 5,07 85 27.5, O- 10079 -1.2 0.234 0.03 0.546

113.75
P. menstruus 135,51 350 80, 0- 387.5 10864 -0.3 0.797 0.03 0.53
P. barrabandi 25, 0- 105 25, 0- 133.75 11066 0.0 0.98 0.04 0.483
A. weddellii 110,01 285 95, 0- 260 10608 -0.6 0.577 -0.06  0.209
A. leucophthalmus 30, 0- 370 35, 0- 468.75 10950 -0.2 0.871 -0.03 0.614
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Chapter 7: Parrots and geophagy: an overview and future paths

7.1 The status of parrots in Peru

Although the parrot family is one of the most threatened large bird families in the world
(Snyder et al., 2000, Bennett and Owens, 1997), it appears frostutiisthat at least
in the relatively intact and unfragmented Amazon rainforests of southeastern Peru
populations are stable and mostly unthreatened. Of the 25 parrot species found in Madre
de Dios (Chapter 1), only three are not classified as Least ofRiedLife
International, 2009). However, trends in population growth for most of these species are
unknown and consensus has yet to be reached on the status of some of these species.
For instancé3lue-headed Macawrimolius coulonj classified as Leastoncern in
2004 was then elevated to Near Threatened before jumping a rank to Endangered in
2006 (Tobias and Brightsmith, 2007). It has since been reclassified as Near Threatened
in 2009 (BirdLife International, 2009), after a review of its status by Bodumal
Brightsmith (2007)Density estimates produced in this study support this decision, as
they fall within the predicted range. Although Tobias and Brightsmith (2007) also
commented on the species association with successional forest, the macawahé not
high on the index of successional forest preference produced in this aQiooatl
also show that successional forest species appear to use claylicks more Fand the
couloniis rare on claylicks over the region, | would reason Bha¢-headed Maaw P.
couloni, although found in successional forest, is not a successional forest spécialist.
do not expect this species to become more common as increasing parts of its home
range are converted to successional forest.

Instead P. couloni distributiorand abundance may be governed by
environmental factors thattermine the apparent species richness increase from
southeastern to northwestern Madre de Dios. For instAncazonian Parrotlet
Nannopsittaca dachilleais classified as Near Threatened (Rifd International, 2009)
and not common on claylicks or transects along the Tambopata River, while incidental
observations on claylicks along the Amigos and upper Madre de Dios Rivers show it is
more common there. In fact, the species is a regular visittrleast one claylick on the
upper Madre de Dios Rivefide Q. meyer). Naesearch has targeted the status of this
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parrotleti the only existing publication on this species is the original description
(O'Neill et al., 1991).

Although hunting and petade were not a focus of this study, during the course
of fieldwork very few direct threats such as hunting and extraction for the international
pet trade market were observed, apart from small scale trade in parrots as pets in Puerto
Maldonado. Indirectiireats are of far greater concern. During a period of two weeks
monitoring trees being brought into sawmills of Puerto Maldonado, around 500 trees
were counted. Most (>50%) of these were large Ironwidipteryx micrantha one of
the primary nesting treéder macaws, parrots and other cavity nesters.

A history of woodcutting and wood extraction from the lower Tambopata River,
where the Hermosa claylick is located, may explain the lower numbers of macaws
visiting this claylick compared to other claylick$igre macaws were observed.

Numbers of macaws were stable over the four year period of this study, a possible
indication that current conservation efforts after the declaration of the Tambopata
Candamo National Reserve and subsequent Baldsajane NationdPark over the last
decade have stabilised populations which still face harvesting for the pet trade, hunting

and habitat loss outside protected areas (Herrera and Hennessey, 2007).

7.2 Parrot claylick distribution: global scale

The mapping exercise cdacted during this study produced some surprising results and
highlights the i mportance of a top down
phenomena. That claylick abundance decreases from the western to the eastern parts of
the Amazon, evidently ecelating with an increasing environmental sodium gradient,
allows one to examine predictions made for geophagy in other parts of the world. These
patterns would be easy enough for researchers in Africa and Asia to map and examine
using similar techniquesgjthough even simple maps of occurrence and associated
species richness would provide a visual overview of the scale of geophagy across other
land masses. For instance, is the geophagy observed in African GrayFR#taaus
erithacusfrom the Democrati Republic of the Congo observed more than 200 km away
from the coast, and if so, is there increasing use towards more central parts of Africa in
the moist tropical zone? For Papua New Guinea (PNG), where some of the first records

of parrot geophagy weraiplished for southeastern Asia (Diamond et al., 1999), how
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does visitation rates of claylick species compare to parrot densities in the surrounding
forests? Are similar proportions of the local populations visiting exposed soil?

From published accountscthe lack of a tourist industry focused on these
sites, | would suspect that geophagy is nowhere near as predictable or as common as in
the Amazon, simply as most of PNG falls within tropical storm deposition zones. No
mention was made of geophagy in thany publications of the very species rich parrot
communities of southeastern Asian and its islands (Anggraini et al., 2000, Marsden,
1998, Marsden and Pilgrim, 2003, Marsden et al., 2001, Cabhill et al., 2006, Walker,
2007). Diamond (1999) mentions that@édominantly frugivorous birds (77%)
observed in their study area in PNG did not consume soil. A more recenirstbdy
Eastern Highlands of Papua N&winea reported similar numbers (Symes et al., 2006).
Counts of the total PXNG maos £d&mb Ina gaay derad Is
counts at even the smallest Tambopata claylick for a single species would regularly
reach 200 and up to 1,700 individuals of the local parrot assemblage have been counted
at TRC (Brightsmith, 2006). | would predict thaplated sites (such as those in PNG
where édgeophagy sites are sparsely distr.i
(Diamond et al., 1999)) would attract greater numbers of species and individuals based
on species richness patterns for isolated idiylas described in Chapter 3. That they
do not do so indicates that the underl yi |
Farrell, 1985) for soil by parrots in PNG is mostly absent, and instead where craving for
sodium is possibly observed thisults in only small numbers of birds drinking from

salty springs or consuming soil associated with these (Symes et al., 2006).

7.3 Reasons for parrot geophagy

Since the publication of the 1999 papers showingdiagtick soils can bind dietary
toxins(Gilardi et al., 1999, Diamond et al., 193@)nsumption of soils by parrots to

protect fromdietary toxins is often thée factoreason given for avian geopha@yg.

Symes and Marsden, 200&)d the importance of mineral supplementation is stared

unlikely cause of geophagy in parrots, humans and nonhuman pidifixdesiney et

al., 2004) The Diamondet al. (1999)publication on geophagyas based on onlgwo
consumedoils sampleand no control samples based on Gil ardi 0s
thatsoilmal ysi s from sites are o6virtually i deé

most other subsequent analysis have shown that small differences in some
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macroelements e.g. sodium at specific sites, can explain preferences in bird use
(Brightsmith and Aramioru MunozNajar, 2004, Brightsmith et al., 2008, Powell et al.,

2009) This means the conclusions based on Dianstbradl (1999) results need to be

treatal cautiouslyi e s p e ¢ i adqulsiton df éssential minerals is unlikely to
provide the explanatohor t he avi an geophagy observed
Thatnegatively charged catieexchange sitesind positivelycharged alkaloids

(quinine and strychnine) and a lesser extem&nnic acidfy no means invalidates

minerals, especially sodium, frobeing the driving force resulting in hundreds of

individuals from a range of bird species consuming clay on a daily basis across South
America.

My study did not focus specifically on the reasons for geophagy, but a broad
conclusion from both the use obglicks across South America (Chapter 2), as well as
the dietary components of this study (Chapter 5), lean towards regular parrot geophagy
to be driven for nutrients, most likely sodium. Ultimately, soils are as diverse in their
chemical and physical prepies as the many rocks, geomorphological and
environmental factors that create them. It is unlikely that there is a unifying theory for
geophagy and instead soil will be consumed to satisfy the diverse dietary needs of
animals when the properties of thail in a location is discovered and the benefits

thereof learnt across the local community.

7.4 Parrot claylick distribution and temporal patterns of use in

southeastern Peru

All the parrots of the lowland forests of southeastern Peru can be viewsel @t ather
claylick and continue to provide a visual spectacle regularly billed as one of the most
amazing natural wildlife phenomenon in the world. Southeastern Peru has the ideal
combination of factors that create a claylick rich landscape: a largg pammunity,

sodium poor conditions, and nutrient rich clays which are being elevated and so are
exposed during wet periods when parrot use them most (Chapter 2). However, the
modelling exercise undertaken to understand the extent of geophagy across South
America also showed that incidents of documented geophagy are underrepresented in
the literature and that areas with limited access or research may have large claylicks as

yet unreported.
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Southeastern Peru has some of the highest claylick densitiese@cGtdylicks
of the Tambopata River have high visitation rates and high species richness perhaps
both due to their wide spacing and the need of the parrot assemblage to use claylicks.
Claylicks on the Piedras and Amigos rivers may be more dynamic astiegeind
erosion would change the sites where birds feed more regularly. Some sites recorded as
claylicks previous to the claylick survey were found to be abandoned. Birds can be
skittish and will feed less after an erosion event dramatically changappbarance of
the site they used to feed on (Hammer and Tatlume, 2003). We also observed that
their exploratory nature would mean that they would visit banks cleared of vegetation,
even if they subsequently decided those sites were not as good asghleeyrhad
preferred previously. Clearing of vegetation to open up favourable banks of soil has
been observed to attract birds during previous studies (Burger and Gochfeld, 2003).

In the case of TRC when no trees suitable for perching were locatedh@ear t
claylick, the unique phenobiwésnouldflybdck t he 06
and forth for several minutes before descending. During 2009, while vegetation was
growing up around the TRC claylick, whereas birds had fed mostly together previously
there were subsequently clear sites preferred by different species which could possibly
be better accounted for by claylick microdynamics e.g. exposed soil surface (macaws
will prefer large exposed areas), texture (smaller species have been observedno feed
broken off sections of clay since the hard surface means biting off chunks poses
problems even for small species), as well as local vegetation dynamics (parrot members
that are green may prefer to sit in leafy bushes, or bushes species bugEhimshe
case olWhite-bellied ParroP. leucogasteas the dappled leaf texture enhance that
species colouration and so is better for camouflage). Many of these anecdotal
observations could be more rigorously explored in future studies.

Spatial and temporal gatns of claylick use were complicated by accessibility
issues, the skittishness of the birds, and the long periods over which monitoring needs to
be conducted to account for seasonal and disturbance related variables. Diurnal feeding
patterns common to spies at claylicks spread far apart suggests that predation
mitigation strategies may be a factor. Seasonal patterns of claylick use that hold across
the region are explained by the breeding season where adults feed clay to their chicks,
as previously postated by Brightsmith (2006, , 2010). Our understanding of daily

fluctuations in bird numbers and the reasons therefore would be improved by a study



that focuses on multiple, closely located claylicks for as many consecutive days as
possible.

Based on desity estimates (Chapter 4), it appears that onlyl0% of the local
population of parrots feeds at the claylick on any given day. Only up to 10% of the local
macaw population is expected to breed during any one year due to nest site scarcity
(Nycander etl., 1995)If only 1% of the birds within 10 km radius use the claylick on
a given day on during the low season, and then all breeders use the claylick during
breeding, then that could caube 5x to 10x increase in cligk useobserved between
seasons

The role of cultural memes (e.g. Payne et al., 1988) which enable species to
learn to use claylicks in different areas should be further explored to account for species
present in the vicinity of certain claylicks, but which never showed interest imfeed
there. The lack of a clear answer to why species that consume clay elsewhere avoid
certain claylicks indicates that our understanding of parrot behaviour at and around
claylicks is far from complete.

A more comprehensive mapping program of the pataglicks along all Madre
de Dios river systems should be undertalkedending the themes developed here for
the parrot family should be extended to the entire suite of animals that engage in
geophagy patterns for primates and other birds may well ptovee different, as
possibly are the driving reasons behind their geophagy.

Although this small budget study has elucidated several aspects of parrot
ecology, especially in their relation to claylick use, there are still many unanswered
guestions that wdd be better addressed through more expensive studies using
telemetry studies across the parrot assemblage. These would allow better information on
gender related visitation patterns, frequency of claylick use, and distances that birds are
willing to travd in order to visit claylicks. What parrots in distaietrra-firme forest do
to supplement sodium (or mitigate dietary toxins) remains unknown.

Southeastern Peru had the highest concentration of claylicks of any location
across South America. For this sea alone the area should attract greater conservation
efforts to stem the tides of destruction arising from mining, taogée agriculture,

colonisation and nesustainable land use practises (Dourojeanni, 2006).
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7.5 Parrot abundance

Few abundancesémates have been produced for parrots in tropical forests, or
anywhere, due to the difficulties in detecting birds in the upper canopy and for meeting
basic assumptions of Distance sampling (Rosenstock et al., 2002). Although Variable
Circular Plots areften used to census birds, the number of points needed to produce
density estimates for all but the most common species means few density estimates have
emerged from general bird surveys (Marsden, 1999). Line transects are better suited to
large, colourflspecies and maximise time spent in survey effort (Bibby et al., 1998,
Buckland et al., 2001). Despite the applicability of Distance sampling to produce
density estimates for most of the parrot family, an adequate means for determining
small species (pastlet) densities in tall canopy environments and rare species has yet
to be found.

By accounting for changes in detectability through bird vocalization rates by
species and season, | have introduced a simple method for addressing the violation of
the keyassumption of Distance sampling that all birds on the line of the transect are
detected in forest environments (Buckland et al., 2008). A vocalisation study can be
conducted at the same time as a bird survey and produce multipliers which will improve
densty estimates.

This study showed that floodplain forest had higher numbers of parrots than
tierra-firme forests, but that there was also a large degree of variation for most species
between dry and wet seasons. In southeastern Peru, part of this maydédue
presence of claylicks for some species, and sampling should not be conducted for
species that use claylicks within 2 km of a claylick. However, parrot densities in
southeastern Peru do not appear to be greater than those in other tropical entss,onme
so despite the presence of claylicks the carrying capacity of the forests for the parrot
family is not greater. Whether parrot abundance would be lower in the absence of
claylicks would be difficult to test, but a comparison with the forests of nortPeru
would be useful to compare sites with low sodium and generally similar overall other
environmental factors.

The dietary analysis (Chapter 5) showed that density changes were correlated
with the availability of plant species that were less comneooosa the landscape. The

tracking of resources across landscapes has been recorded for a wide spectrum of birds,



including parrots (Renton, 2001) and may account for seasonal differences between

forest types.

7.6 Parrot feeding ecology

The large parroassemblage that exists in southeastern Peru does so through niche
differentiation both through dietary breadth and dietary specialization. Sufficient
ecological niches are made available by the high tree species richness combined with
food availability ona year round basis.

This study did not focus on secondary or successional forests, but it appears that
parrot species associated with these habitats tended to be highest claylick users. A
future focus for claylick studies should be to differentiate wéretthe use of claylicks
was higher for this group simply because of proximity to the resource, due to nutrient
deficiencies, or because these species are faced with a suite of more toxic Spemes.
clays protect the gut against certain dietary toxpeshaps the only conclusive way to
show that the parrot community of southeastern Peru gains any benefit with regards
protection from dietary toxins would be to compare longevity in this community of wild
parrots with areas where clay consumption is neepked. This would be nearly
impossible to do given that parrots are hard to catch;lleed and finding any area
that has stable populations free from anthropogenic disturbance over a long period
would be almost impossible. It is thus likely that thigarisingdebate will continue for
the foreseeable future, with bdtlgpotheses foclaylick useaccumulating evidence for

and against.

7.7 Guidelines for tourism at claylicks

The earning value of claylicks is very high, and their presence is rateg higtdurist
operators in the southeastern Peru. Although a handful of claylicks are well protected by
their location in and around protected areas, most are easily accessible to determined
hunters. Ensuring the long term persistence of claylicks mayreesfaite intervention,
but could be solved by encouraging ecotourism concessions around existing claylicks
outside protected areas.

Boat traffic and tourist presence have an influence on parrot activity at claylicks,

but these impacts can be mitigatedkegping appropriate distances and with the use of
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observation blinds. It was also apparent that many ecotourism enterprises were acting in
ignorance as to the consequences of their actions around claylicks, and when
approached certain operators where arleni@ changes in boat operation procedures.
However, guides of companies that are considered responsible would often arrive late at
claylicks, and although we did not thoroughly document the impact of human
movement on the birds, the impression was thatwas a greater cause for disturbance
compared to elevated noise levels. For claylicks with poor, i.e. unconcealed, access to
blinds it should be clear that should visitors fail to be ready before activity begins, then
the visit will no longer be possibl

Observation points (blinds) should be fixed at preferred feeding points, and
access should be prohibited to alternative feeding sites that birds may flee to as a
secondary choice when faced with human related disturbance. In order to encourage
feedingat permanent sites, these can be managed by clearing encroaching vegetation
and the placement or management of perch sites. Doing so allows the birds better access
to preferred sites while enhancing the ecotourism experience.

With boat movements, espeltyaaround claylicks where boat traffic is low and
birds are more liable to flush, movement should not be allowed within 100m of a
claylick during periods of peak activity i.e. from 05h30 to 07h30 when most parrots and
parakeets feed and from 09h00 to 12khen the larger macaws and some of the
parakeets prefer to feed.

7.8 Conservation implications

Hunting of a wide range of animals at claylicks is registered for across the region

(Montenegro, 2004, Tatudume, 2006, Alexiades, 1999). Since both badd

mammals visit claylicks from large areas away and not on a daily basis, regular hunting

could occur without a hunter noticing any apparent change in visitation rates but while

depleting the surrounding forests from all claylick dependent species ( Eblalle,

2009). As such, it i s the areabs best ini

as natural heritage sites. It would be beneficial to highlight the importance of these sites

through the media, to generate general pride and consergatioarn for one of the

worl dds most spectacular wildlife phenomi
The use of claylicks is very likely a barometer for the health of the local

populations of parrots and othamimals that use them. Claylicks should continue to be
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the subject of ongoing loAgrm monitoring in order to understand the consequences of
ongoing laneuse change, and of both local and global environmental impacts.
Ecotourism and conservation concessioffer a relatively uncomplicated means of
extending protected status to the regi oni
should be thoroughly reviewed to ensure kbeign commitment, environmental track
record and financial security. A monopaln access to claylicks should not be allowed.

This study has broadened our knowledge on the claylicks of South America and
a community of parrots that use them. However, it has also shown that much has yet to
be learnt about the parrots that use themhagidights the needs for further ecological
studies. Long term monitoring projects currently in progress should be supported, as
they will detect any critical changes in parrot density or human disturbance that will
negatively impact a valuable phenomeimoboth terms of economic value and

ecological functioning.
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