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Foreword

It is with great pride and pleasure that ¢gent this report which compiles the results of
research conducted by the Glasgow University Exploration Society, Bolivia Expedition
2010. This document details the methodologies, findings and conclusions of the research
projects carried out by the 2010pexition team and provides background information,
logistical reports and future recommendations for the project as a whole.

This document marks the second successful Glasgow University Expedition to the Barba
Azul Nature Reserve in the Beni Savannahiamgof Northern Bolivia, an area
considered an endangered critical ecosystem by the Nature Conservancy. It builds
significantly upon the research work of the 2009 Glasgow University expedition team
whose preliminary explorations yielded baseline inventtata for the reserves avian,
mammalian and herpetological fauna and hence provided the foundations for this years
study. Our work is conducted alongside the local Birdlife International partner
Association Armonia, who have supported and facilitated theedikons research in the
region. It is hoped that our research will assist them with their goal to efficiently and
effectively manage the reserves biodiversity. Further, by utilizing local scientists and
students as part of our survey teams, we hopeirtalstte local scientific interest and
research within the region that will ensure protection of this fragile region for generations
to come.

The primary aim of this years study was to conduct surveys of key avian and mammalian
conservation species, knowimnom prior research to be predeon the Barba Azul
Reserve.We aimed to determine and map the distributiontlokatened savannah
passerines relation to the botanical structure and composition of the Savdraiatat

in order to allow assessment thie ecological significance ahicrohabitats for such
species. We also aimed to produce population abunganteensityestimates foboth
threatened savannah passeriaeg other keyavianspecieswithin the reserveincluding

the critically endangered Buthroated macaw anghite winged nightjar. Further we
aimed to create abundance indices for the reserves mammalian fauna specifically
focusing on threatened and vulnerable species sugmas anteater and pampas deer
Lastly, we aimed to continue withhe collection of baseline inventory data for the
mammaliarfauna of the reserve but this year including bats

Together, these studies were conductedrder toestablishboth the importance of the
reservefor key conservatiorspecieswhile also providing a baskne for the future
monitoring oftheir population strature and size over time. As thisfist time that such
factors have been assessedtha area,our research will providehe foundations for
futuremonitoringand study

Joanne Kingsbury
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1. Executive Summarigeport
Backgroundnformation Aims,
Logisticsand Finance

Figure 1.1 A view over the open grasslands of the Llanos de Moxos in the Beni
Savannah Region of Northern BadivForest Islands on Alturas (high regions) are
visible on the horizan
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Bolivia

Figure 1.2 Map of Bolivia in South America

Spanningan area of 1,09B81km?, landlocked Bolivia is locateat the heart of South
America wheretiis borderedto the northpy Brazil and Perand, to the southhy Chile,
Argentina and Paragud$ee Figure 1)2 Despite its modest size and lack of coastal and
marine ecosystemshe country exhibits staggering geographicand climaticdiversity
(Henressey et al 2010)Habitats extendrom the extremeand chilly heights of the
Andean altiplano where vast salt flats snow cappedpeaksand unique dry valleys
dominatethe landscapeto the low laying humid tropical rain forestsand scorched
savannah grakmds typical of the southern Amazon BasirB o | | iodavérsity is
equally rich and has earned a well merited title as one of earths fimegadiverse
countrieg(Ibisch 2005)

Containingaround 14%(1378spp)of t he wor | dnGam ardaiequidantdop e ci e s

0. 75% of earthods t ereta $908)Boliib is mnkediftminthe ( St at t e
world in terms ofits avian diversity (Hennessey et al 201Qxher biological attributes

include356 documentethammalspecies (Salazadravo and Emmias 2003) 266 reptile

species (Gonzales and Reichle 20@8)Jover 200 species of amphibian (Reichle 2003)
Further,more than20 000 plant speciesxist within its frontiers, ranking it around 10

place globally in terms of floristic diversitifbisch axd Merida 2003) Together, these

factors highlight the critical importanand global significancef conservation within

Bolivia for preserving the a r biddibessity.



The Beni Savannahs and Seasonally Flooded Llanos de Moxos
Ecosystem

The Beni Savannahs are | ocated in the
Department(See Figurel.3) where they cover an area of around 160,006. Kfime
ecosystem is endemic to Bolivia and considerstically endangered by The Nature
ConservancyHistorically, a lack of technological advancement, med with reduced
accessibilityhasaffordedthe preservatiorof an astonishingoiodiversity in the remote

Beni region (Ibisch2005)with recordsincluding 509 bird species, 146 mammal species
and more than 5000 plant speciBe¢k & Moraes 1997). Howeverpnsidering the huge

lack of research on the regions biota, there may still be much to uncover regarding its
diversity (Langstroth(in pres3). At present, almost all land in the Beni is privately

trop

ranched and no restrictions have been placed on purchasing property in the region.

Additionally, the Beni savannas remain almost entirely unprotected. Although the
impacts of ranching on the regions natural faraghe are largely vassessed (Langstroth
(inpres§ ) , there i s ri si mraldlaanaodefauna mayhbe unddr h e
increasingthreat. Thegovernment has already ruled out the possibility of extending its
network of national parks, (Ibisat al.2005) thus all further conservation effort is likely

to take the form of private reserves.

Figure 1.3 Map ofthe Beni Department, Bolivia. Map indicates the departmental
capital Trinidad

Within the Beni savannah region, two distinct ®abregions of savannaimosaic
landscape exist; the low lying Llanos dexbs floodplainsand, to the north, the upland
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Beni cerrado region (See Figure L.Zhe Beni cerrado is similar in composition to other
Amazonian cerrados such as those of Brazil, apmean stable upland regions and
forested habitats occurring in lowland river valleys (Langstrotpres3. The Llanos,
characterized by its extensive seasonally flooded savannas, is notably different. Here,
vegetation forms are inverted with grasslapgearingn low lying sasonally inundated
regions andorests forming on raised larjdangstroth (inpres3; Mayle et al.2007).

The Llanos is the main constituent habitat of the Beni region, covering an area of around
126 000km? (Langstroth (irpres$). The plains are extremely flat with little variation in
elevation, typically ranging from only 100 to 2@Dabove mean sea level. Mean annual
temperatures range from -2¥°C and annuigrecipitation varies between 11002500

mm, with the majority fallingin a distinctly long wet season between September and
May (Navarroet al.2002; Haase & Beck 1989). During this period, a substantial increase
in discharge rate occurs in the Beni, Mamoré and lIternéz rivers, as well as other
associated tributaries whictaverse the Llanos (Hamiltaet al.2004). This is a result of
increased snowmelt in the upstream high Andes whose river systems drain into the
region. Hampered by the lack of roff in the flat basin, increased local precipitation and
raised river level combine to cause dramatic seasonal flooding across the plains. (Haase
& Beck 1989;Beck & Moraes 1997; Hamiltoat al. 2004) The level of this flooding is
variable throughout the region but is generally less than 1m. (Haretl@n2004)

Figure 14: Map of the Beni Department, showing the two major savamosaic
landscapes present; The Llanos de Moxos (green) and the Beni cerrado (lviapn)
also displays the relative positions of the three main river systems of the region, The
rivers: Ben; Mameé and Itenez and the Reserva Barba Azul. From Lingstrotbréiss

The Reserva Barba Azul



In 2008the Bolivian Birdlife International partner, Association Armonia, facilitated the
purchase of the 353&ctare Reserva Barba Azul (RBA) creating the Viesy protected
area within the Beni Savannah ecosystem.

The RBA, formally San Lorenzo Ranch (a fully operational ranch beef cattle ranch) was

chiefly set up to protect one of the largest remaining wild populations of critically
endangred bluethroated macaw (Ara glaucoularid. A species, endemic to the Beni
Savannas and for which the reserve 1 s name
Spanish the local colloquial name for the species). The reserve was the first area ever to

be to set aside for the peation this charismatic, endemic bird with a wild population

estimated at no more than 300 individuals (Birdéfeal 2010b). The Macaws have since

acted as a flagship for the RBA, attracting funding for its study, protection, management

and expansion. fer threatened flora of the reserve have indirdotiyefited from this
arrangemenbeing quite literally, protected under the bliteroated macas/wing

Fromthe outset, Armonidaveaimedto promote the regenerationtble reservelabitats

back to amore natural state, largely through clearing the land of cattle, erecting new
fences to keep cattle out and appointing a ranger to maintain and protectetiveses
boundaries and to remove tinerds that inevitably strain from time to time An
extensie nest box project, erecting around 100 artificial nests, was compleR&D

aimed at providing the BTM with more breeding space in a bid to reduce competition
with other species for nesting cavities. Future plans for the BTM include building
artificial palm islands within the savanna to allowing greater roosting opportunity within
the reserve area as many birds are known to overnight on the islands of a nearby,
unprotected ranch where it is feared they may be susceptible to poaching for the pet trade
and for their vibrant feathers.

Some of Armoniaswrrent aimgor the reserve aréo maintain and improve protection of

the reserve while continuing to monitor blue throated macaw populations; to promote
biological research on other elements of the veseflora and fauna with specific respect

to vulnerable and threatened specits;expand the reserves area antplement a
sustainable tourism project in order to help fund the reserves upkeepiratly, to
implementmanagement strategies that will bpeeserve the reserves natural community
as a whole.

Since its purchaselata collection on avifauniaas rankechigh in priority for Armonia

but studies ofmammalian, herpetologicakhthyological and botanical diversiye also
consideredintegral to our understanding of the regiohocal scientists, including
Maurici o Herrera, Armoni asdé chief conservat
leading Bolivian ornithologist from The Museo de Historia Natural Noel Kempff

Mercado, have been involved withropucing a comprehensive species list for the
reserve. This |list was added to by students
Society who, in 2009, calucted a biological inventoryf flora and fauna withireach of

thedifferent habitats of the serve Such studies havaghlighted the presence of several
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vulneralbe and near threatensgedges using the reservand also indicate the importance
of the grassland habitat in particular for their presence.

Biodiversity of the Reserve

Birds: Five hunded and nine bird species have been recorded irBéme Savannah
ecosystem (Beck, Moraes 199Research conducted last year during the 2009 Glasgow
University Bolivia Expeditiorhighlighted the importance of éhReserva Barba Azulot

only for the bluethroaed macaw but also for several other vulnerable and near
threatenedspecies(lUCN 2011) including the cock-tailed tyrant Alectrurus tricolo,
sharptailed tyrant (Culicivora cauwlacutg, blackmasked finch (Coryphaspiza
melanoti§, darkthroated seeéater; Sporophila ruficollis) and greater rhea(Rhea
americang (Herrera & Mailard 2007; Reekie 2010Findings from last yearsalso
includeonepotentialobservation of the Endangeredhite-wingednightjar (Eleothreptus
candican$. However, confirmation of this sighting is still requiredther charismatic
and more commoalements of the avifauna include toco tou@amphasto$oco), blue

and yellow macaw(Ara araraung, peach fronted parakeé@ratinga aured, rosette
spoonbill (Ajaja ajaja), common potoo Nyctibius griseus and ed crestd cardinal
(Paroaria coronata (See Figure 1.5)

Figure 1.5 Redcrested cardinal (Paroaria coronata)

Mammals: One hundred and forty six mammal species have been found to inhabit the
Beni (Beck, Moraes 1997). The area shares many species witAntlazon rainforest

11
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further north and also several with the neighbouring Gran Cesslands to the west.
During the2009Glasgow University Bolivia Expeditignaguar and puma were found to
be using the reserve. Presence of the near threatened (IUCN B&€dned wolf
(Chrysocyon brachyuryis was recorded via vocalisations on several occasions.
Vulnerable (IUCN 2011) ignt anteater@Myrmecophaga tridactylpandnear threatened
(IUCN 2011) pampas deefOzotoceros bezoarticisvere commonly encounterealong
transects anghotographedon camera traps. Additionallyraick surveys foundgome
evidence forthe presence obfcelot (Leopardus pardaliy margay(Leopardus wiedii

and pampas cdteopardus colocolph More common elements of the mammalian fauna
include abundant howler monkey#louatta caraya and at least two species of
armadilb, numerous capybara (Hydrochoerus hydrochaelis tamandua(Tamandua
tetradactyla)(See Figure 1.6and crab eating fogCerdocyon thoys |t is also expected
that the region will have a similarly diverse and distinct bat species assemblage, as we
embark this year on the very first bat inventory conducted within the reserve.

Figure 1.6. Southerntamandug Tamandua tetradactyla)

Reptiles and AmphibiansThe reserve holds important populations of the declining
blak caiman as well athe endemidBeni Anaconda Eunectes beniengisNumerous
more commonspecies oflizard, sxake and amphibian also exist within the reserve
including the boa constrictor, common yacre cairf@aiman yacarg (See Figure 1.7)
and polkadot treefrog (Hyla punctata.

12
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Figure 1.7 Common yacare caimaéiman yacare)

Botanical: As the foundatiorof any terrestrial habitat, plants are essential to the healthy
functioning of an ecosystem at all trophic levels and the Beni savannahs are no exception.
With 5000 plant species estimated, the Beni region is a botanical hotspot. However, very
little is known of these abundant species particularly with respect to the grasses and it is
thought probable that many may remain undiscovered.

Study Site

ReserveOverview: The Reserva Barba Azul is located at the heart of the Llanos de
Moxos floodplains in the ast Mamoré river region, around 75km west of the town,
Santa Ana de Yacuma (13U4506S, 66U070W;, Al ti
hectare) section of the reserve formally managed as San Lorenzo Ranch, sits on the
northern banks of the Rio Omi. Therens development within or around the reserve,
with the exception of a few, small, neighboring estancias connected by dirt roads. Access
is limited to four wheel drive vehicles and light aircraft, which can land on a small, rustic
landing strip situated oa nearby ranch. Overland access is often only feasible during the
dry season, with much of the region underwater and largely impassible during the wet
season. The reserves habitats constitute a savamosdic which includes forested
habitats and wetlandrarian zonesThe layout of the reserves major habitateas is
indicated in figure 1.&longside the position of base camp.
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Figure 1.8: Satellite map of the Reserva Barba Azul. Reserve boundary shown in red,
Access trails in yellow and habitatferes in blue(Adaptedrom GoogleMaps (2010)

Forested habitatsForest islands are present on Alturas (higher ground) and constitute
around 15% of the reserves area. Small islands are scattered throughout the savannah,
particularly concentrated wiih the wetland zone at the reserves northern lif8ise
Figurel.9). The three largest islands, possibly remnants of ancient gallery forest (Mayle
et al 2006), are found forming a chain like archipelago near the banks of the Rio Omi in
the south of the serve. The islands are dominated by palAtsleaphalerata Gallery
forests are also present withio small settons hugging the banks of the Riimi in the
extreme soutleast and souttvest of the reserve.

Savannah habitatsSavamah habitat covergaund 80% of the resees area. This exists
along a continuum from the more densely woo@edradadCD), present on the fringes

of the main forest islandghrough theprogressivelymore openand gramanaciously
dominated habitats of th€errado sensu lat(CSS), Campo Cerrado (CC) and Campo
sujo (CS)which extendnorthfrom this fringe ora semialtura (exjance of midelevation
ground) Thesearea arenot expected to be significantly inundated during the rainy
seasordue to theiraltitude (Aquilino Moling project botanist, personal commer@ss,

CC and CS features fall along a typical Cerrado gradient from CSS to CS in a
topographic order typical of seasonally flooded savannahs: CSS on higher elevated
ground near the main island, graduating to CS onrdayreund (Langstroth ipress.
Seasonally flooded grassids, similar structurally to the Brazilian Campo Limpo (CL)

are present in Bajios where annual rains and overflow from the Rio Omi cause flooding
in the rainy season (Aquilino Molina Olivera, pamal comment). This region will

14



henceforth be referred to as CL/Skhis mixed habitat extends north from the CC/CS
grasslands until it is intercepted by wetlands at the northern limits of the reserve.

Riparian and Wetland habitats’A small area of wetland habitat (WET) lies at the
northern end of the reserve, consisting of damp and dry grasslands interspersed with
several small forested islands (See Figure 3.2). Riparian and wetland zones also occur
alongside the river in the south oktheserve. Water levels vary in each of these zones
from year to year, probably depending on the intensity of the wet season and
temperatures during the dry season with water levels tending to drop off as the dry season
continues.

Figure 1.9 View over the wetland grasslands at the northern limit of the Reserva Barba
Azul.

2010 Expedition Aimsand Objectives

Expedition Aims: The primaryai m of t hi s vy eta coaduct suwgyseod i t i on
key avian and mammalian conservation species preseheisdvannah habitat of the

Barba Azul Reserve in Northern Bolivia. We aidto determine iad map the distribution

of species in relation to the botanical structure and composition of the Savebit.

This was in order to allowmssessent ofthe ecologcal importance of its microhabitats
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for vulnerable and endangered species. We alseddionproduce population abundance
estimates for key species as well as continuing with collection baseline inventory data for
the mammaliarfauna of the reserve. Our wowas conducted alongside local Birdlife
international partner Association Armoraad local scientists and students to assist us
with field methodologies and data collection.

Expedition Objectivesin order to achieve the expedition aims, the followalgectives
wereset

1 Map roost site distribution and conduct roost site population counts for the
critically endangered bluthroated macawn order to assess the population size
of individuals using the reserve and also to assess roosting behavior.

2 Conduct territory mapping of the cocktailed tyrant, sharp tailed tyrant, black
masked finch & wedge tailed grass finch via colored ringing and Line transects
in order to assess habitat use and species distribution

3 Establish estimates of population denstyd distribution for the vulnerable
cocktailed tyrant, sharp tailed tyrant, bladasked finch and greater rhea via
distance sampling alonqe transects. Also to conduct assessments of habitat
use via botanical assessments.

4 Establish if the endangere&chite winged nightjar is present on the reserve via
night-time visual encounter survey¥KES) and mist netting and, if so, map its
distribution in the savannah viaocturnal line transects.Also to conduct
assessments of habitat use via botanical assesmen

5 Establish abundance indicésr the vulnerableand neathreatenednammal
species within the reserve including giant anteater, manned wolf and pampas
deer using camera trap surveys, track trap surveys,linadtransects to
calculateencounter rate

6 Conduct the first assessment of bat species diversity in the reserve in order to
gain baseline data for future studies. This invdlveist netting and
identification working alongside a Bolivian expert.

7 Conduct botanical surveys of savannah strucamd composition that will

contribute towards investigation of the habitat use and mmtes of
earmarked\aan species.

Logistics

Planning research The research aimand objectivesvere selected with respect to the
current research goals of Armarfor the reserve ardk\elopedin Scotlandwith the help
of Dr Ross Macleod. Dr Macleod also helped us to plan the methodology we would use
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to achieve these aims and other logistical aspects of the expedition. Further, the planning
of botanical surveys vgaassisted by Dr Kevin Murphy.

Fundraising: Team members all worked extraordinarily hard to raise funds over the
academic yeaMoney making endeavors includsdveral cold nights selling hot dogs to
the obliging patrons of the Queenalkgaret Union, buak rattling on the streets of
Glasgow andhostingvarious themed evenings includimb quizzesband nights and
movie nights. These events were very successful, contributing around £3000 to
expedition funds.The expedition also applied ftine support okeveral charitable trusts
whose financial assistaneeas essential to the success of the expedition and to whom we
owe a great depth of gratitude. Additionally, each student made a personal comtabutio
£750 towards. Combined, the money from these sm# enabled the expeditidn
successfully achieve itargetof £16 000.

Timetableof Travet The expedition teartraveledfrom Glasgowto Bolivia on July 1%'
arrivingon July 16'. In total, the duration of the expedition wlsveeks and 3 daywith
members flying home on Septembef"1Bollowing our arrival, jist over one weelas
spentin the bustling lowland city oSanta Cruzle la Sierra where our accommodation
took the form ofa small, locally runjnexpensive hostel udeby previous epeditions.
During this periodany expensiveexpedition equipment wastored at Armonia fosafe
keeping.

Time spent in Santa Cralowedteam members to acclimatise aiddoprovided time to
purchase noffiood supplies for the expedition (batteries tistaary, protective clothip
etc). Further, itprovided both theopportunityfor the teanto meet the local scientisésd
studentsvith whom we would work as well agving leaderghe time to train expedition
members irequipment use & field technigsiet Armonias head office. Oruly 24", the
expeditiontraveked North of Santa Cruz to the capital town of the Beni department
Trinidad A four-wheel drive vehicle and driver was supplied by Armonia to transport
expeditionequipment andeam membersHoweve, due toteam size severalstudents
and scientistalso had to takan overnight buso Trinidad Following this, me night was
spent inbasicaccommodabn at Armoniasoffices herebefore the teartraveled onwards

to the small villageof Santa Annade Yacumathe following day. Hereteam leaders
collectedsufficient food supfies to last the expeditiohO days These were purchased
from local markets before drivingn to the reserve the same afternoém additional
four wheel drive truckvasalsohired hereso that the whole team and all expedition food
and equipment could be transported to the reserve simultanesusiyal of 6 weeks
were spentn the reserve awlucting researctOur return journey on Septembef dsel

the me route and transpand we arrived back in Trinidacbn theSeptembe®™. From

the 9" i 12" data were transcribed amelcordedto databaseat Armonia head office in
Santa Cruz.

Timetable ofSurvey Work:During the first weelof the expeditiontime wasspent mist
netting n order totry to achievahe colour ringing ofa sufficient numbeof surveybirds
to allow territory mapping. Oner twoteam memberworkedalongside the ornithologist
to achieve this starting at first light and continuing until aroG8d0h/10:00h after
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which time it became too hab have birds in the net®&ne team of two people spehe
first 4 days erecting cameteaps in predetermined areas around the reserve acdlich
that each of these was functioning correcillyis work began at first ligt and continued
until around 1300h, starting again at around 16:00h and continuing till just before
sunset. Once camera traps were erectetetiva began thriceeeekly nocturnahvian and
mammalan transectausually stating around nightfall andontinung throughto around
20:0Q These were continued for the duration of the expedition.

Time was also spent in the first wesiectingand marking out the positiond savannah
line transects as well agsiting and choosingslands forthe bluethroated nacawroost

site suveys. Once completecsavannah lingransects and botanical samplimgere

conducted by one or two teamistwo peopledaily begimingat first light and continuing
through to around.0:30h Additionally, one team of two peopnduced roost site

surveys at each island once per week stadimg and a half hours before first lighnd

continuinguntil sunset

During weeks 13, ane persoralso assiseéd the expedition mammologist conducting
eveningbat mist nettingfrom 21:00h till 0200h Similarly, in weeks 45, one person
assisted the expedition botanist in conducting his collections within the gras$lairds.
counts of the blue throated macaw were also implemented early in weekaBdsom
roost site surveys seemed to be ledifThese were then conducted 3 times a week from
around 16:30h till sunset.

It should be noted that all members of the expedition were given the opportunity to work
on each expedition project.

Training: The data collection for our studies was carriedl loy a team of 7 Glasgow
University biology students and one Bolivian student from the University of Santa Cruz
alongside four trained Bolivian scientists including an ornithologist, mammologist and
botanist.Training in both botanical collection and ketid bird netting was provided in

the field by the latter.While, in an attempt to mitigate error arising from inexperience,
training sessions weralso conducted prior to the surveyby either Dr Ross Macleod,
myself or co-leader Duncan McNeito introdu@ field workers to equipment, survey
birds, terrain, local environmental conditions and data collection methods. Direct training
involved: an introduction to GPS receivers and their use for navigation, measuring
distances and marking waypointn introdution to camera trap set up and optimal
positioning/placement; an introduction to optical equipment including binoculars and
telescopesa morning of bird watching at the survey site, with an introduction to the
location and identification of target birdsnda an oral session describing field
methodologies and the standardizing of halitda collection. In addition, @n through
savannaland evening lingransectwas conducted by myself and one team member to
assess the feasibility of walking distancesiig and data collection. This meant that at
the start of thge surveys there were two experienced individuals that could be paired
with and supervise those who had not yet conducted a full line transect with data
collection.
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Field Accommodation and Sygies: Accommodation wasn site in tents. In additioio
personal tentdwo large research ten#sd a basic wooden lean cabin were available
as workspace andere useddaily as makeshift laboratoriehere was alsa basic
kitchen building with a ga stove, storage spadéer food and seating. We also had
separatedrop toilet and washing area. All water fdrinking and sanitation came from
the welllocated within the camp. i to this being a particularly dry yearindking water
also had to be soted and purified with iodine from the nearby Rio Omi.

Most expedition food wapurchasedrom local supermarkets Santa Anna de Yacuma
and transported to the field site via four wheel drive on a wdeddis. We also haithe
ability to supplement thespurchase with fresh meatfruit and vegetablesold to us by
nearby cattle ranches

Equipment: The expedition carriedt Garmin ETrex GPS systems16 digital still
camera traps, on®atellite telephoneone wildlife hide and two telescopes with trippods
all brought in and transported from the U.Both team leadsrhadextensiveexperience

of using all of the aboven previousGlasgow University expeditions tBolivia and
EcuadorMist nets and metal and cellulose color rings for bird ringing were gedvioy
Bolivian scientists via Armonia. Students were provided with an equipment list prior to
leaving the U.Kand provided their own torches apitioculars etc

Personnel:

Figure 1.1Q The 2010Glasgow University students.

Dr Ross Macleodi A veteran of many previous expeditions to Boliviapss provided
the scientific knowhow and technical suppomyhich were invaluable to theuccess of
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this expedition He also managed to turn a team of frog loving, caiman hunting, snake
enthusiasts into a bunclhavid bird watchers

Joanne Kingsbury - Jo was definitely the boss about camp and crossing her usually
resulted in a swift kick, to be fair though this was always followed by a long and humble
apology. But in the end Jo was almost definitely was thedsset the team had, always

hard working and up for a challenge. Jo always had an innovative solution for every
problem, and even perfected the human catapult as a means to collect water from the
river.

Duncan McNeil T The only man who could sleep thgiua horse trying to get frisky

with his tent. Duncan managed to get a tic in just about every conceivable bodily location

and was a dab hand at rescuing the ladies from snakes, scorpions and rainstorms. He
bravely ate most of the dulce de letche so thadt ot her t eam member s di c
is also the one of the only individuals | know (apart from gwynedd) that would walk
towards a suspiciously jaguari ke roaring noise in a bush to

LydiaBachi Ther eds not hi n gnefficickoy to get your expedlifion i e r m
order and Lydia is a dab hand at pretty much everything. However, boiling piranha heads

for their skull bones is a Ilittle bit weird
a marine and freshwater biologshto your expedition! The first of all of us to get a

scorpion in their tent, she dealt with it well, the screams were only heard faintly in
neighboring Brazil.

Kirsty Godsman i M Queen of t he Hhdistgohgest member)obtheand t
expedition, Kirstycould probably remove a lid even if it had been welded to the top of a

jam jar. Coupled with this, her inherent determination and inability to give up in the face

of all things that are almost impossible (including tasks such as crossing a field of worm
mounds at midday while still enjoying and remaining positive about botany) is
remarkable.

Christopher LongT AKA yiees 6 Chri s could do a wherebs V
your grandmothers spectacles on back to front, a skill that made him a useful chap fo

finding small brown birds against big brown backgrounds (perfect for the savannah).
Apparently allergic to water, Chris holds the record for the longest period without

washing in the reserve but sms&lirprisingly fresh

Alwyn McKennaT AKA fAThecgss of S c o to hawenalbng,onan usef ul
expedition as if you run out of supplies as you can sell her to local ranchers as a wife in
exchange forfoodNever, ever consider | aughing at thi
is a very stronghance you will be beaten to death with a ladle. We hope that following

this trip, Alwyn will always remember to reset her watch after flyingppugh the

Bermuda Triangle.

Gwy nedd T@GuMedd Was often the cheeriest person in camp, and alwaysrout f
a bit of an adventure, even if that meant getting her slippers a bit muddy chasing jaguars
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into the bushes. But despite her happy go lucky attitude she was probably one of the most
resourceful people in camp and when adversity struck she could usealbedn
whipping off her shirt wrapping it round her head and sparking up a fag before powering
on.

Aquilino Molina Olivera i Expedition botanist, Aquilino worked like an amr the
sweltering heat of the savannthget the data we rded. He never gaveeven when
the biscuits ran outhe water was hotter than taad we were forced to eat spam with
our bare hands

Luis Hernan Acosta Salvatierrai Expedition Mammologist, Luisvas one of the only

Bolivian men we met on the trip that really believe@guality. Unlike the others, he was

quite happy to let the girls carry the heavy stiifie team will never forget those long

dark nightsoé6 playing cards, pulling dung bee

Miguel Angel Aponte Justinianoi Expedition ornithologistMiguel quickly succeeded
in winning our hearts bgooking the bedtried eggs in Bolivilea nd wonot be f or go-
teaching us the ins and outs of sneaking up on a pootoo.

Francisco Morezapiri T Bolivian Student and mammologgsistantFrancisco was also

known as AThe Cabbaged due to his ferocious
versatile vegetable.

Financial Report

The projected cost of the expedition plus @4lcontingency was £ 16,56Personal
contibutionswere set at £ 750 per studeptoviding a total of £ 250 andf 11,310to
be raised through fundraising.

Projected Costs

£

Flights: Londori Sana Cruz 5950
Administration Costs 250
Training Courses 510
Equipment 2700
Insurance 1000
Food 1120
Accommodation 675
Transport 1000
Wages 1300
Postexpedition 550
Contingency (10%) 1505
Total 16560
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Expedition Income

£

Personal Contributios 5250
Grant: University of Glasgow 1400
Grant: Royal Geographical Society 1000
Grant: Royal Scottish Geographical Society 400
Grant: Carnegie Trust 2000
Grant: GlasgovNatural History Society 700
Grant: Thriplav Charitabé Trust 2000
Grant: Glchrist Educational Trust 1000
Grant: Chester Zoo Studentship 500
Fundraising Activities 1800
Total 16000
Expedition Expenditure

£

Flights 7000
Food 1500
Wages 2000
Accommodation 300
Transport (including internal flights for botanist) 1200
Medical kit and first aid course 300
EquipmentCamera Traps/protective clothibgtteriestamp fuel costs etc) 3000
PostExpedtion Costs(report write up/printing/translation) 600
Total 15 700
Balance surplus: 300

After contingency we expected a budget shortfall ofiadof560. However we endedup

with a budget surplus of300 which suggest®ur estimation of the budget based on
previous expeditions to Bolivia was fairly accurate. The way we spent the money differed
from our estimations in thdlights were considerably more expensive that expected. Also
food costs were higher than in previoigsars as we also had additional student assistants
and guides to feed. However accommodation costs were low and insurance was provided
by the students individually so we managed to save moneyHeesurplus money will

be used to contribute towards tf@low up expeditionwhich is planned for summer

2011

Forced Changes to Expedition Objectives

Territory mapping of vulnerable passerind3espite multiple attempts at netting target
species, only a totalfawo survey birds were captured in the firgseek. We were
therefore unable to conduct this side of the passerine survey.
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2. Savannah Passerine Study:
Abundance, Distribution &icrohabitat
Preferences of Threatened Species

Joanne Kingsbury
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Abstract

This study examined the poputati size, distribution and microhabitat preferences of
three key conservation species of grassland bird within an area of seasonally flooded
Bolivian savannah in the protected Reserva Barba Azul. Target species were: the cock
tailed tyrant,Alectrurustricolor; the blackmasked finch,Coryphaspizamelanotisand

the wedgdailed grass finch,Emberizoidesherbicola The former two, globally
threatened birds of which little is known and the latter, a more common and widespread
indicator species for healthy saweh ecosystems.

Surveys were conducted by line transect sampling methods in four grassland zones
largely comparable in vegetative composition to habitats of the Brazilian Cerrado sensu
lato, including areas similar t&ampolimpo, Campo sujo, Campo cado and Cerrado

sensu stricto. A total of 191 target species observations were made over 57.2km? of
transect including 89 wedgail grass finch sightings, 79 blackasked finch sightings

and 23 cockailed tyrant sightings. Habitat data was collectedeach bird along side
random habitat data for the grassland area. Distance sampling was used to assess
population size and distribution patterns for each species and TWINSPAN multivariate
analysis to integrate bird and habitat data.

The results indicatethat populations of approximately 427 cetelled tyrant, 768 black

masked finch and 750 wedggled grass finch currently use the reserve. The-taitkd

tyrant appeared to be habitat restricted, occurring in only two of four study zones.
Conversely, thB blackmasked finch and wedgailed grass finch appeared to be less
habitat restricted, occurring in all four study zones. Gadkd tyrants appear to prefer

areas of very tall grass where bushes are absent and worm mounds are present. Both the
blackmasked finch and wedgailed grass finch seem to prefer areas wheregnass

species are fruiting, seeding or flowering and grass is moderately tall.

2.1. Introduction:

What is a Savannah?

Eiten (1972) describes the hlibssedoof atnhde itte rwo

appear that this situation has i mproved | it
Atropical grasslando and fAgrasslandod are of't
therefore important to define these terms as thiélybe used in this text: the use of the

term Asavannaho will follow the definition

warm tropical lowlands, dominated by herbaceous cover which shows clear seasonality in
development with a period of low activitylaged to water stress and where fire is a
frequent, natural reoccurring event. The vegetation compliment includes both grassy and
woody species such as shrubs, trees and palms, but these never form continuous cover

24



t hat parallels tisd agdas swi;l | i Toreo puscead igmr atshe
(2000) . AAny ecosystem of tr olke)ewegetaioo,mi nat e d
including not only purely herbaceous communities but also the mixed grass and tree
communities of savagnasel ardfdotwerkrl the utuged
habitat within a savannah wher e tmoeseaiccoover
for any ecosystem in which savannah is the dominant physiognomy but other vegetation

types also occur.

The Dynamic Savannah

Often r ef er r edq wiol iabsr ifimnoOn envi r onments, sSsavann
in which complex ecological processes have a varied consequence to vegetation
composition. The relative abundance of grassy and wooded vegetation is highly
heterogeneous inoth space and time and varies greatly at global and regional scales
(Sarmientol984). Such distribution of vegetation is shaped by plant tolerance to abiotic
stresses and also by natural, abiotic and biotic disturbance processes (Scholes & Archer
1997). Pant available moisture and plant available nutrients are regarded as the primary

stress factors which determine vegetation distribution across savannah landscapes.
However, regional patterns in vegetation depend a great deal on site characteristics and

local conditions including variation in climate, hydrological cycles; topography and soll
properties. (Scholes & Archer997; Osborne 2000; Maylket al. 2007; Langstroth (in

pres3 ) . Natur al di sturbances such as fire and
these as further modifiers of ecosystem structure (Btiag2010).

Fire is a regular and natural disturbance process which occurs in savannah ecosystems
and many organisms which exist in savannahs have life history traits adapted to allow
their survivalin such an event (Bond & Keely 2005; Eiten 1972). Natural ignition most
frequently results from lightning storms in the drier portions of the year (Bond & Keeley
2005) but changing land use in recent decades, especially for agricultural purposes, has
lead to increased levels of human mediated burning witkevannah landscapes
(Penningtoret al. 2006). Regular burning actively reduces woody biomass (Borad

2004) while the suppression of fire disturbance increases wooded plant density and leads
to didwo encroachment o, a natwural form of succ
at the expense of grass biomass (Benhdl 2004; Scholes and Arch&B97) Bondet al

(2009 used the Sheffield Dynamic Global Vegetation Model to assess the importance of
fire as a determinant of biome distribution. The model predicted forest bionaswsi

double in the absence of fire. Thus variation in fire regimes, for example as a result of
anthropogenic influence, could lead to significant shifts in ecosystem s&uetthin
savannahs (Bond & Keel&p05).

Herbivory may also greatly modify plant distribution Herbivores actively remove
biomass from savannah systems, but unlike fire, this process trends to be selective (Bond
and Keeley 2005). Thus interactions betwa@razing patterns and savannah structure are
considerably more complex. South American systems lack the abundant populations of
large grazing mammals found in the African savannahs. Here, invertebrates are thought
to play the vital role of primary conswars (Costaet al. 2008). Grasshoppers are
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considered to be the dominant invertebrate herbivores in open savannah grasslands
(Andersen and Lonsdale 1990) while empirical evidence suggests that leaf cutter ants
may be of considerable importance for modifymgre wooded savannah regions (Costa
etal. 2008).

The effects of fire and herbivory may also interact to shape relative vegetation
composition. Fuhlendorfet al. (2006) found the effects of patch burning were
accentuated by grazing of native herbivare®North American temperate prairie. Patch
burned areas wemmeferentally grazed, acting to increabare gound area. Conversely,
grazers avoidedon patch burned areas leading to litter bupdanddomination oftall-

grass prairie.

Seasonality is anore distinctive and fixed feature of savannah systems. All have cyclic,
annual wet and dry seasons owing to their location in either of two highly seasonal
Kodppen climatic zones, the (Aw) tropical savanna region or (Am) tropical monsoon
region. These zoseand the savannahs they encompass are typified by high mean annual
temperatures (380°C) and moderate annual precipitation 2800mm) with the
majority falling in the wet season. However, the extent, timing and duration of rainfall
are still locally vaiable. (Cole 1986Sarmiento1984 Mistry 2000; Scholes & Archer
1997).

The Importance of Savannah Ecosystems for Birds

The savannah biome is extraordinarily extensive, covering an estimated|ig8 km?2

(Cole 1986; Bond & Par2010). Collectivelyjt forms the largest terrestrial biome of the
tropics, cloaking more than 50% of the vast African and Australian continents, 45% of
South America and 10% of both South East Asia and India (Scholes and Archer 1997;
Cole 1986). Considering their global sifycéince in terms of size and despite their
moder at e -diversitg (within babitat Species diversity) compared with tropical
forest systems (Stott al. 1996), savannahs are now considered significant reservoirs of
global biodiversity (Priceet al. 2010; Bond & Par2010). Indeed, if tropical forests are
disregarded, savannahs, tropical grasslands and-Emdbcombine to form the most
specious global ecosystems in terms of their avian diversity (Batlial. 2004,
Stattersfieldet al.2000). Bas d on searches of Birdlife Inter
2010a), the African savannahs are the most diverse of these systems overall with 1419
species, followed by those of South America, Asia then Australia which harbor 880, 840
and 501 species resgtively.

Open grassland habitats are particularly important and contain a biota which is
considered unique and distinct (Bond & Pafl0; Stotzet al. 1996), not merely a
derived subset of forest or savanvabodland species (Bond & PaR010). Taking

South American savannahs as an example, $to#d. (1996) found that a substantial
proportion of the avian species which utilize open grasslands do not use any other
habitats (25%) and of those that do, an even greater proportion (75%) still rely oasthem
their primary habitat. From the Cerrados of Brazil, Silva and Bates (2002) reported
evidence to support this, with 27% of Cerrado birds entirely restricted to open habitats.
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Further, while Stotet al.(1997) considered stitabitat specialization to bare in South
American grassland birds, Tubelis & Calvalcanti (2001) found evidence for
specialization in the grassland birds of Brazils Cerrado region with 33% of all grassland
species restricted to just one type of campo grassland habitat. These atplesize

the importance of grasslands for many bird species, some of which could survive
nowhere else on earth.

Current Status & Threats to Neotropical Tropical Grasslands

Historically, savannahs have suffered great devastation as a result ahghlang use

and habitat destruction for Agriculture (Penningtinal. 1997) with many extensively
converted to croplands, plantations or rangelands for livestock (Bond and Parr 2010). A
recent study suggested that increased agricultural intensityl is stdjor threat faced by
tropical grasslands. Jarvis (2010) reported that tropical grasslands were the most urgently
threatened ecosystems on the South American continent with respect to multiple, current,
anthropogenic trends including increasing: firequency, grazing pressure, rates of
conversion to agriculture and ease of accessibility (Jarvis 2010).

Figure 2.1 Cattle grazing in the grasslands of the Reserva Barba Azul in Northern
Bolivia. These individuals, from a neighboring estancia, hadddhair way into the
reserve through a broken fence
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Traditionally, the open savannahs of South America have been utilized by hfonans

ranging cattle (See Figureld. Their typically nutrient poor and acidic soils (Cokaral.

1997; Cavalcanti 198&long with considerable restrictions to access (Rattal. 1997),

deeming them largely unsuitable for cropping. Prior to around 50 years ago, ranching of

the Brazilian Cerrados occurred in natural landscapes at relatively low density, a system
consideed by Ratteret al. (1997) to be, to some extent, environmentally friendly and
sustainabl e. However, the 19600s saw drastic
such as soil liming and fertilization taming soils and allowing arable farming
consideably more success (Collat al. 1997; Cavalcanti 1988

More recently, agricultural subsidies introduced by the Brazilian government have
continued to drive change in the region, providing the money and means to open new

roads and purchase modern agjtieral machinery. Recent estimates suggest losses of

total natural land area to have fallen by betweei8@% (Bond and Parr 2010) with a

massive 25% of campo grasslands estimated to have been converted for agriculture
between 1970 and 1996 alone (Bileramad Minarro 2004 in Bond and Parr 2010).

Soybean, sugarcane and citrus crops are amongst the cash crops now widely grown
across these new agricultural frontiers (Steiz al. 1996) and paper plantation
Aafforestationo pr oj e dus geesfaerregubax featuiecof he ne an
landscape (Bond and Parr 2010).

In the savannahs of northern Bolivia, cattle ranching has also been a widespread and
common practice for centauries (Langstrgth press)) but cropping and plantation
agriculture stl appear to be largely excluded from the region, probably due to its
prevalent inaccessibility and the considerable extent of land area which is underwater for
large proportions of the year. As Langstroth firess) noted, there is little literary
referance as to the impacts and intensity of cattle grazing on this region. However, Jarvis
(2010) reported that increased overgrazing pressure was one of the primary threats
currently facing the flooded savannah systems of South America. Additionally,
accessibity into the region is also noted to be improving (Langstrotip(es$). This is
apparent even over two years of study in the region, with several new bridges cropping
up along the Santa Crdzinidad route over this period (personal comment). Thus the
potential future threats to this region may be considerable.

Importance for Neotropical Savannahs for Avian Diversity

The Neotropics are the planets richest-dggographic region in terms of their avian
diversity (Baillieet al. 2004), with anestimated 40% (3808) of global species (Cadtar

al. 1997). They also contain the largest proportion of globally threatened birds, with 430
species of status vulnerable or higher (Bai#teal. 2004) Although the majority of
threatened species are fouma forested habitats, Neotropical savannahs are also
considered of critical importance to many threatened birds.

An assessment of threatened birds of the Americas found that, at the time of study, 10%
of Neotropical species considered globally threatensere confined to grassland
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habitats and that grasslands contained more than double the threatened species of any
other nonforested habitat, including marine and freshwater zones (Gatllat. 1997).
Concluding that such Neayging asppimajaricongemadicns | ands
i s s ue o0etalCO97) peoposed urgent action to conserve vast tracts of this habitat
before even greater declines occurred and considered site conservation of primary
importance for conserving the threatened speciegjuestion. More recent figures
continue to suggest similar importance for Neotropical savannahs as habitats for
threatened birds. Birdlife International currently list 9% of South American tropical
grassland & savannah species as globally threatened* Tigases are comparable with
Australasian and Asian tropical grassland and savannah birds, of which 9% (47 of
501spp) and 8% (104 of 840spp) respectively are threatened but are considerably higher
than those of Africa, where only 5% (77 of 1419spp) aresidened to be under threat.

(Data from Birdlife 2010a)

The seasonally flooded savannahs of the Llanos de Moxos may hold some of the most
important grassland systems on the South American continent in terms of their avian
diversity. In a review of thaliversity of Neotropical breeding birds, Stetzal.(1996)
defined 41 principal avian habitats based on vegetation type. Seasonally flooded
savannahs, including those of Bolivia, were found to be the richest of all South American
savannah grasslasdn terms of their avian diversity with 103 bird species using them.
The open campo grasslands of the Brazilian Cerrados had comparatively less species; 68.
Additionally, seasonally flooded grassland had a similar number of grassland restricted
birds to he Cerrado region (15 in Campo grasslands and 12 in seasonally flooded
grassland) and a considerably higher proportion of birds using it as their primary habitat
(34% in Campo grasslands and 56% in SF grassland). Despite the fact that Brazils
Cerrado avifana is normally considered significantly more diverse, it would appear that
seasonally flooded systems surpass it in terms of grassland bird diversity.

The savannahs of this region were also considered of significant importance for avian
diversity by Cdlar et al. (1997) who commented that many of the grassland species of
the Brazilian Cerrado would be considered threatened were it not for their largely intact
populations in Northern Bolivia. However, much can change in 20 years and
reassessment of theatus of many Bolivian grassland birds would probably be needed to
confirm whether Collars statement still stands.

The Brazilian Cerrado Biome

Although the savannahs of the Brazilian Cerrado are not seasonally flooded and very
different in many respects those which are (Langstroth fimness ) , some of the r
landscape components are similar and thus relevant to the habitat under study in this

paper. For this reason it is useful to provide a brief summary of relevant information on

the Cerrado mgion.

The landscapeof the Cerrado biome is a complex and patchy savamudaic which

includesgallery/riparian forests anttopical dry deciduousgemideciduous forestThe
dominant vegetation type throughout the region is a matrix of grasslandyandrchdo
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woodl and, ter sersdlatdb h € C 8 C ket of. W@pwitle grasslands the
most extensive habitat overall, 72% (Siktaal. 2002) The CSL exists as a continuum of
vegetation types ranging froeompletely open grasslartd almostcompletely closed
woodland. It is generally accepted that the CSL caniwideadl into five separate sub
habitats along this gradient, each of which maydbéned in terrs of the structure,
composition and relative dominancewoodyand grassy vegetatio(Ratteret al. 2006;
Silva et al. 2002; Ribeiroetal. 1983 as reported in Tubelis and Calvalcanti 2001; Eiten
1972)Aut hor s def i n-habitate ares gerefally sitar evéheonlyssmall
variations(See Table 2.1)

Habitat Type Habitat Definition
Campo limpo Meaning ficlean fieldo, grassland wi!t
(CL): that the surrounding vegetation and in which tall woody plants are completely

absent (Ratter et al. 2006; Eiten 1972)

Campo sujo
(CS):
Meaning dAdirty fieldo, grassland wi

trees that do not exceed 2% cover (Ratter et al. 2006; Sarmiento 1983;
Ribeiro et al. 1983 as reported in Tubelis and Calvalcanti 2001)

Campo Cerrado

(CC): Meaning ficl osed fieldo, grassland wit
generally ranging from 2-5m in height and not exceeding 15% cover (Ratter et
al. 2006; Sarmiento 1983; Ribeiro et al 1983 as reported in Tubelis and
Calvalcanti 2001)

Ce!’radosensu Meaning ficlosed in restricted sens
stricto (CSS): generally ranging from 3-8m in height and not exceeding 30% cover (Ratter et
al. 2006; Eiten 1972)

Cerradéo (CD):
A denser woodland made up of trees ranging from 8-13m high, casting
considerable shade so that ground vegetation is sparse (Ratter et al. 2006)

Table 21: Definitions of Cerrado sensu lat@getation types of the Brazilian Cerrado
including abbreviations.
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The landscape of the cerrado biomeaumglulating, and comsts of a series of plateaus
(elevations greater than 500m) and depressions (elevations less than 500m) CSL
vegetation dominates on upland plateaus while depressions contain a mosaic of habitats
(Silva et al. 2002) CSL tends to be rastted to well drained soils which are generally
nutrient poor(Penningtoret al. 2006). Other elements such &alery forests appear in
moister areas surrounding rivers and seasonally dry tropical forests appear in areas where
soil nutrient content is gher(Ratteret al. 2006)

Haase & Beck 1989 and Langstroth fines3, share the view that the Llanos have
distinctive vegetation form and generally agree on the importance of several factors
which influence the regions vegetative ecology: The spasd#iildition and composition

of vegetation is primarily determined by seasonal inundation patterns and local micro
topography, as well as by plant tolerances to anoxic waterlogged soils during the wet
season and desiccation/access to soil water during fheAdra result of the regions
inherent flatness, marginal differences in elevation can have significant effects on
inundation patterns and therefore greatly determine the type of floral community capable
of existing in a specific area. (Langstroth giress))

Figure 2.2 A semialtura region within the Reserva Barba Azul. Taken from the edge of
the Cerrado sensu stricto (just visible at the right of the photo). Loakihgver part of
the Campo cerrado/Campo sujo habitat
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Flat, lowl yi ng regs®nsamBa¢main flooded for seve
season, completely hindering tree growth and leading to formation of open grasslands
scattered with small shrubs and bushes (Haase & Beck 1989 and Langstpotsg)n

These may be likened in formthenors easonal ly fl ooded CL&6s of
described previously (personal comment ) . I n
tree colonization can be supported and fore
and 3.2). These mayange in size from just a few, to hundreds of m2. (Langstroth (in

pres§ ) At inter medi-altteured v aut @ pentsat ifsremit r uct u
variable and highly dependant on the extent of fire and grazing. Langstrqitess) .

Heavily gazed semalturas or those exposed to frequent burning are more likely to

consist of grassier flora where as those unaffected by such disturbance, succession of
cerrado woodland occurs. (Langstroth fires3) Cerrados, where present, often exist

along eévational gradients, forming a transitional zone between Islas and Bajios
incorporating areas that can be likened@8S, CS and CLangstroth (inpres$).

Wetlands and gallery forests are also important features of the Llanos. (Haase & Beck

1989; Langstoth (inpress)

Protected Areas & Management Priorities:

The idealistic view that nature is best protected when left well alone is now largely
redundant in conservation biology. Habitats are seldom pristine and the extent of
anthropogenic modificationotlandscapes is such that natural ecosystem processes are
frequently grossly altered or often lost altogether. (Primack 2006). In reality, the vast
majority of protected areas occur as small, dislocated fragments of once expansive
ecosystems, enclosed bgreultural or otherwise humaaltered land. As such, they
present a glut of problems to their resident wildlife including: restricted range sizes,
genetic isolation, dispersal barriers and ease of human accessibility. (Atusd&004).

Isolation ca also seriously modify the incidence and severity of natural disturbance
processes on the landscape. Fires, floods and storms may occur at inappropriate
frequency as ecosystem buffers which normally mediate their occurrence may be absent
or dramatically Bered by humans. If and when they do take place, such events are
inclined to be proportionally more destructive than they would be in natural systems.
(Ausdenet al.2004).

A growing number of biologists now agree that protected areas require someflevel
direct management and that the development and implementation of efficient and
effective management strategies is essential for wildlife conservation within these areas
(Priceet al2010; Skowno & Bond 2003; Margules & Pressey 2000; IUCN 2008/SSC). It

is recognized that strategies used within reserves should be dictated by well thought out
conservation goals which focus on improving the long term prospects of key elements of
the biota (IUCN/SCQ@008; Margules & Pressey 200I; Sutherland 2000).

If the goal is thus to focus on protecting or improving populations of particular bird

species present within a reserve, there must be consideration of how best to achieve this.
The focus of management directives should, clearly, be purposely tailored to siie spec
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characteristics (Margules & Press2@01). For example taking into account both the
presence of specific target conservation species and the state of their available habitat. As
conservationists, understanding the biogeography and underlying ecélagyabitat is

of great importance when considering management strategies for the protection of any of
its species (Silvat al. 2002; Priceet al. 2010) as is knowledge of the interactions which
occur between such species and their habitat (Btiae2010).

Birds depend on healthy functioning ecosystems for their survival (IUCN/SCC 2008) so
designing conservation strategies needs to account for their particular habitat
requirements. Currently there are huge gaps in knowledge with regard to the precise
habitat requirements of many birds and this is especially true for those considered most at
threat (Stattersfieleét al. 1998). For many, there is also general lack of reliable baseline
data (Stattersfielét al. 1998). Stotzet al. (1996) comments on thiact with particular
reference to threatened Neotropical birds.

Baseline data, including assessments of population sizes densities and distributions, are
essential for monitoring the status of threatened species and also for assessing the effects
of corservation actions on their populations (Stattersitldl. 1998). It is therefore vital,

that the collection of both baseline data and habitat data feature highly on the list of
priorities for reserve managers as these will not only provide the graeig$it into the
approaches needed for preserving threatened species, but also provide a means to monitor
their success.

33



Managing Savannah Landscapes for Grassland Birds

Figure 1.6: The cocktailed tyrant, Alectrurus tricolor in thesavannah grasslands of
the Barba Azul Reserve; a savannah bird in need of conservation. The reserves main
forest Island is just visible in the background.

Understanding habitat/species interactions may be even more integral for the
conservation of birdsvi t hi n pr ot ec-¢gdi lair eraisu nod Hanboint at s
1.6). Savannamosaics, as a result of their dynamic nature, are prone to relatively rapid
successional shifts in structure over small time scales depending on disturbancét levels.

is thoudnt likely that such shifts have significant effects on both individuals and
communities within savannahosaics (Priceet al. 2010) and empirical evidence

suggests grassland birds may be most a{ 8kkwno & Bond 2003).

Skowno & Bond 2003 assessed thean communities of four distinct vegetation zones
within the Savannanosaic of Hluhluwe-Umfolozi Park in South Africa Bird
assemblages were found to vary significantly between the open grasslands and each of
three wooded habitats under survey, showirggenthan 70% dissimilarity in terms of

avian species composition. In this survey, all of the wooded areas assessed represented
successional stages in the mosaics ecology which would normally be under some level of
natural control from wildfire and grazin@he authors were thus able to conclude that

any change in the structure of this ecosystem, for example woody encroachment resulting
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from a fAhands off approacho to management ,

communities within the reserve. Gstend birds would likely be the most affected in this
scenario as they would be expected to lose the greatest amount of habitat. In light of this
survey, an important management concern for the conservation of grassland birds may be
controlling or artifically implementing disturbance, for example through burning, in
order to control succession.

However, it has alsdeen suggested that the presence of various successiores stag
within a savannaimosaic coulde important for mataining healthy, intact scomunities

of grassland birds(Fuhlendorf et al. 2006. Fuhlendorf et al 2006 assessed the
importance of structural complexity on communities of grassland birds in North America
Fuhlendorf wanted to test the concephat heterogeneity shiml be the basis fo
conservation and ecosystem management for grasslands birdsmiftgeand patten of
burning was altered within tall grass prairie to create a heterogemmosaic of
vegetationat variable successional stages amampare with an annual, spatialy
uniform burn. The effect of this increased spatial diversity was evaluated on the
grassland bird community

The diversity of grassland birds was four times greater in areas péiete burningvas
applied. Speci e parrswAonmodi@rmus keasinis d neav thieatesed
bird whose numbers are currently in decline (IU0LO0), only appearedn tall grass
areasnot burned for two years while killdeeCharadrius vociferusind some species of
sandpiper weranore abundanin recently burnt areas. Manyf ¢he species which
occurred in habitats where patch burning was applied aidrer lessaabundant or absent
in uniformly burntsystemghus implying thepatch treatment increasgdasslandspecies
diversity probably bypermiting areas of disturbed and distubed habitat in exist side
by side Fuhlendorfet al. 2006) Fuhlendorfet al. (2006) concluded that maintaining
several successional stages within savammasaics, through processes such as patch
burning, may be greatly significafdr corserving grasland birds.

This survey shows the need for reserve managers to consider the spatial distributions of
managed burning. Additionally, if the aim is to specifically conserve certain grassland
species, some knowledge of their habitat preference withinrtssignd would also be
useful to ensure that burning is intelligently controlled so that their entire available
habitat is not burned at once.

The management of protected Savannah ecosystems is integral to the successful
conservation of grassland birds. &npriority grassland species have been selected we
must endeavor to ensure that the correct type of data is collected to assist us in forming
opinions on how best to conserve them. As previously mentioned, there is an obvious
need to collect baseline ahdbitat data for all threatened birds and threatened savannah
species are no exception. However, there is also a need to understand what type of habitat
data will be useful in aiding conservation action and this requires some level of
knowledge about theystem which the species inhabit. The studies described above
highlight the importance of assessing the Bigale distributions of target conservation
species with respect to their grassland habitat so that we can understand how they utilize
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it in a spatid sense and determine any basis for preference. Integrated, baseline and
distributional habitat data will assist reserve managers in making decisions on the best
management strategies to implement within grasslands for the conservation of their key

threat@ed avian species.

Figure 1.7: Adult male cochkailed tyrant, Cockailed tyrant, perched atop the tall
grasses of the Campo limpo.
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Figure 1.8 Adult male blacknasked finchBlackmasked finchgaught in savannah mist
nets.

2.2. StudyAims andObijectives

The primaryaim of this study was to survey keynservation species of grassland
passerine present in the Barba Azul Reservidarthern Boliviain order to: assess the
reserves importance for the conservation of these species; createebdatdiffior future
monitoring of their populations within the reserve and highlight the habitat needs of these
species in order to devise informed recommendations for their future conservation
management. In order to achieve this, the objectives werd@asdol

1. Map the extent of the grassland habitat and establish the extent and boundaries of
different grassland habitat zones based on differences in vegetation composition.
These data will be used to improve precision of subsequent abundance & density
estimates while also allowing assessment of avian distribution within the reserves

grasslands.
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2. Establish baseline estimates of population abundance for three target species of
savannah passerine known to be present within the reserves grasslands. These
include two species considered globally threatened; the-tedekl tyrant and
blackmasked finch (JIUCN 2010), and one species considered an indicator species
for good quality savannah habitat, thedgetailedgrassfinch, currently listed as
least concer (IUCN etal 2010).

3. Assess target species distributions withi
on temporal changes in distribution over time then on spatial changes in
distribution over the range of grassland zones.

4. Assessthe distribution of target species at a finer scale with respecthe
botanical structurand composition of theagannak grassland habitats, allowing
evaluation of specific microhabitat requirements for each species.

5. Finally, to use alldata to make recommendatiofer future work for the
conservation of these species within the RBA.

2.3. Methods

Savannah Habitat Mapping and Area Estimation

With the help of trained Bolivian Botanist, Aquilino Molina Olivera a basic map of the
reserves major habitats was firsinstructed. GPS points and measurements of grassland
subhabitat boundaries were then taken andeddb the map in order to allovough
estimation of habitat areas to be calculated. GPS points were collected using a GARMIN
eTrex H GPS receiver and distanmeasurements between specific points were taken
using the same device. Collecting these points and distances involved: walking along the
boundaries of habitats especially: the limits of the CSS habitat; taking measurements of
the approximate extent of Cisabitat along the western and eastern boundaries of the
reserve; measuring the length of the Cerrado Access trail and taking GPS points at the
borders of wetland habitats and other reserve boundaries. The area of each Grassland
zone was then roughly caleted, the GPS route planner function was used to obtain
distances between GPS points along habitat boundaries. The areas of all grassland
habitats north of the cerrado access trail line were estimated. It should be noted that some
CSS exists south of thisail. However, it was not feasible to estimate the extent of this
due to inaccessibility and time constraints. This area was therefore omitted from the
study, but its estimation could be valuable for future work.

Abundance Estimation and Distribution Assessment

Transect locations and positioninddistance sampling along line transects was selected
as the survey method of choice as this is considered the quickest, most efficient and most
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accurate technique for estimating species density in large opetatbawhere bird
detectability is generally high (Bibbgt al 2000; Sutherlanet al. 2005). Additionally

line transects are useful for generating larger sample sizes compared with more stationary
methods, such as point counts, as they allow detectiomocé birds per unit time while

the observer moves through the habitat (Biebyl 2000). This was important for this

study as it was timeestricted and the primary aim was to survey threatened species that
were more likely to exist at low density.

Transects were marked out over two days from Jufy 28107 July 29" 2010. A
systematic approach was used, as recommended by Bibaly (2000), with a fixed
distance of 200m between adjacent parallel transects and a set transect length of 1.3km
used asstandard. Twentywo transects were laid out in total. These were arranged in
three sets: the first consisted of sixteen transectsi [TXH) crossing the savannah on a
bearing of N20°W from start points positioned 150m from a broad Cerrado access tralil
running east from base camp on the north side of the main forest island (See Figure 1.3);
the second consisted of 5 transects (SF5) commencing into the savannah at a bearing

of S60°E (i.e. perpendicular to those in the first set) from a small, operutnaihg from

base camp toward the northern limit of the reserve (See Figure 1.3); the third consisted of
one isolated transect, laid out at the farthest end of the reserve (FF1). Start points were
marked with numbered wooden stakes and red tape. GPS weialso taken for each

in order to make it easier for field assistants to locate them throughout the survey.

Conducting line transectsTransects were conducted six days a week from July 31
20107 September "8 2010. The order of survey was drawnratdom and this process
repeated after all transects had been surveyed once so that each transect was walked twice
over the entire survey period. Transects were always conducted by a team of two people
and observers were rotated systematically betweerstgaarder to reduce any observer
related bias. The aim was to have two teams each conducting one transect daily in order
that two transects could be completed each working day. Unfortunately, this was not
always feasible as man power was limited and fskistants often had to be forfeited for

other expedition fieldwork. This sometimes resulted in having only one transect
conducted some days with three conducted other days to compensate. However, changes
to the schedule were minimized as much as possible

Since the birds were most active between the hours of dawn ansonnihg (Personal
Observation), transects commenced at around 06:25hrs (sunrise) and continued until
around 09.30hrs. In each team of two, one person was responsible for searchieg the a
forward and to the left of the line transect while the other was responsible for searching
the area forward and to the right. Speed of walking was slow, around 0.5km/hour, and
regular stops were made for several minutes every 50m to scan the horizonafo
activity. A hand compass was used to maintain accurate direction at the specified bearing
and binoculars were used to search for the birds.

On visual detection of a target species, time of observation was recorded along with sex

and number of ingiduals present. A GPS was used to measure the distance of the
i ndividual Aal-dadmg&é twhaes tdrednnedt as the dist
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waypoint of the transect to the point along the length of the transect which fell level with

the observed bid . Similarly, a GPS was wused to meas
the transect this was defined as the perpendicular distance from the transect to the bird

and was measured by walking out to the point where the bird was observed and taking the

dist ance from the corr es poigudei 3nMgDistarcésoverg 0 way p
measured to the nearest meter. Birds spotted directly on transect were recorded as having

a Afromo distance of Om. Flying birds were 1
the survey. Birds detected at perpendicul a
considered off transect and were excluded from the survey. Birds in groups of more than

one were treated as a single data point but the number of individuals presesthfor e

sighting was recorded. In addition GPS locations were recorded for all birds. Each bird

was also given a unique numerical code assigned as the numerical order of the
observation.

OBSERVED BIRD

100m
D2

TRANSECT

START & L TRANSECT
pomt F ROUTE

D1

u-.
L

Figure 3.1 Diagram outlining method used to collect bird positiatad D1 represents
thed st ance fal obgorepheesennsethe distance
Adapted from image in Bibby et @000.

Identification and sexing of species was assisted, where necessary, with field guides
including color plategxtracted from Ridgley and Tudor (1994) arah Perlo(2009

Assignment of Habitat Zones to Observation Datan return from the field, each bird
observation was also assigned to a specific grasslantiatitat based on its distance
along each transeatjth respect to the extent of the habitat as measured in section 3.3.

Data Analysis for Population sizeThe abundance estimation software, Distance 6.0 was

used to assess the abundance and population size of each target species. (Thomas 2010).
Detecton curve werefitted to observatiordata for each specieBor theWedgetailed
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grassfinch, a half normal key was fitted to the data (AIC value = 757.6) with 8 function
evaluations used to achieve convergence. FoBlhek-maskedfinch a half normal key

was also fitted to the data (AIC value = 678.99) with cosine adjustments of the orders 2,
and 12 function evaluations used to achieve convergence. Final§odtstailedtyranta

half normal key was again fitted to the data (AIC value = 202.2) witmeasdjustments

of the orders 2 and 12 function evaluations used to achieve convergence.

In this survey, two abundance analyses were performed. In the first analysis, the data
were stratified by survey period, giving separate and pooled, populationaaizenand

density estimate for survey period 1 (SP1) and Survey period 2 (SP2). SP1 includes all
survey data collected during the first walk of each of the 22 transects from°tdelg1

2010 to the 18 August 2010, SP2 includes all survey data from gw®sd walk of each
transect from 17 August 2010 to the™3September 2010 and the pooled survey period
(PSP) uses all the data from SP1 and SP2, considering each sample period as replicates.
In the second analysis, the data points were stratified bglgnashabitat zone, giving
separate abundance estimates for the area of each grassland habitat, CSS, CC/CS, CL/SF
& WET population abundance for each habitat type were calculated based on the
calculated area for each habitat type.. These data were nadpdmit rather total
abundance was calculated additively to provide an abundance estimate for the global
grassland area.

Abundances were therefore estimated by two separate methods, the results of each have
been provided and their relative merits willdiscussed later in the text.

Statistical Analysis for Distribution:The line transect data analyzed with Distance 6.0
were also assessed for evidence of distributional differences between the birds.
Abundances between SP1 and SP2 were compared foneeidé temporal difrences

in distribution Density estimates were also compared between habitat types for evidence
of a spatial difference in distribution

Microhabitat Preference Assessment

Habitat data collection:Habitat data were collected fromly@1% 20107 September 3

2010 in conjunction with the collection of distance sampling data from line transects. A
range of habitat variables were recorded at the site of each target species observation,
referred to hencéorth as bird sample plots (BSP Habitat measurements were gathered
from BSPs whilst conducting transects. Random habitat measurements were also taken at
a set of random sample plots (RSPs). These data were gathered on the return trip along
transects at five prdetermined points aesdistances from its start point.

At each RSP and BSP, vegetation was sampled within a 0.5 x 0.5 m quadrat. Three
guadrats were thrown and analyzed at each plot. To reduce bias, the observer was
blindfolded and spun three times before throwing the guadith exception of the first
guadrat taken in a BSP, which was always centered on the perch where the bird was
observed. Several variables were recorded for each quadrat; these are shown in Table 3.1
with notes on their measurement. Some additionabfaatere also recorded for the area
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surrounding the quadrat; these are also outlined in Table 3.1. All height measurements
were taken using a 3 meter retractable tape measure and recorded in millimeters.

Variable Measurement Notes

1.Grasses Seeding: Presence or absence of seed heads on any grasses

2.0Other flowering/seeding: Presence or absence of seeds, flowers or fruits on any plant other than grasses.
3.Short grasses present: Presence or absence of grasses measuring <1.3m in height.

4.Tall grasses present: Presence or absence of grasses measuring >1.3m in height.

5.Shrubs: Presence or absence of small non-woody plant species

6.Bushes: Presence or absence of small or medium woody plant species.

7.Trees: Presence or absence of tall woody plant species including palms and other trees.
8.Worm Mounds: Presence or absence of worm mounds

9.Depth of worm mounds Depth of worm mounds if present

10.Tallest Grass: Precisely recorded with a tape measure

11.Average vegetation height:  Estimated visually against tape measure scale

12.Surrounding vegetation: Presence or absence of bushes or trees in area surrounding quadrat (up to 100m)

13.Termites Presence or absence of termite mounds in area surrounding quadrat (up to 20m)

Table 3.1: Variablesrecorded at each bird sample plot arashdom sample plot.
Variables 17 represent withirguadrat categorical vegetation variables. Variable$3
represent further ecological variables collected for each quadrat.

Data Analysis: Bird Sample Plot (BSP) @nRandom Sample Plot (RSP) data were
combined for analysis with the statistical software program TWINSPAN {Tax
indicator species analysis). Only categorical, wHipradrat vegetation variables-71in
Table3.1) were used for this analysis. TWINSPANrt&ed the samples into sigboups,
making a series of nested divisions based on the similarity of indicators (variables) within
the data. The program produces eigenvalues (denoted as €) to support the strength of
these divisionsa multivariate probabilt assessent of the strength adeparation of
groups witlin the classification hierarchy.meigenvalue approaching zero indicates that
the separation of groups is approaching random, an eigenvalue approaching the
maximum possible value of 1.0 would indieathat the twogroups have almost no
commorality. The groups produced therefore represent-s&ib of the total data,
organized by their similarity, with specific indicators that are characteristic of that group
(See Appendix 2

The data were evaluatéadr variation in species presence with respect to their proportion
in each TWINSPAN group and to the indicators specified by the program. Further,
groups were compared for differences in ecological variables collected in the fi3d (8

in Table 3.1). A aeway ANOVA was usedo assess variation in mean values of
continuous ecologicalariables (911 in table3.1) betweerthe groups, while a Chiz was
used to assess for differences in observed categorical vari@blegsand 13 in tablg.1)
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24. Resuls

Grassland habitat zones and Total Grassland Area Estimation

The habitat zone map compiled in the field is shown in Figure 4.2. Of all grassland
habitats estimated, CL/SF was the most abundant, covering 75% (21km?2) of the grassland
area, CS/CC and WEToeered similar proportions of the grassland, 12% (3.26km?) and
10% (2.7km?) respectively, whileSS was the least abundant grassland habitat covering
only 3% (0.76km?) of grassland area (See Figure ZHg.total grassland area within the
reserve is thusstimated to be around 27.7km?2 (2772Ha).

Estimated Proportion of Grassland Sub-habitat
Types in the Reserva Barba Azul

3% 10% @ Wetland

12%

B Campo Limpo/Seasonally
Flooded

O Campo Sujo/Campo Cerrado

@ Cerrado

75%

Figure 4.1 Estimated proportion of grassland shbbitat types within the total
grassland area of the RBA.

43



ICampo Limpo!
£.25km fieazonally £.25km
flooded
Area 21k

RIPARTAN HABITAT

Figure 4.2 Habitat map of the Reserva Barba Azillhe basic layout of all habitats
within the leservdas shown Area estimates are indicated for each grasslandhalbtat.
Each habitat is indicated by a different color. The red squares represent GPS points used
tohelpcalcula e ar eas ( A=S1B=Ux1136(2461 6W696/ WMB6966U 0 6 6 4 4
C=S130416 591/4W0D6=6S1B8045. 16/ W66 U07643; E=S13I
F=S13U44655/ W66U05654 ). The distance betwe
GPS handset, via the route planner function. These distances were integrated with
several distance measurements taken iniéhe &nd together used to calculate rough
areas of each habitat. The cerrado access path is indicated in yellow and the black
hdlow boxes represent areas within which trensects were positioned.
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Abundance Estimates

A total of 1910observations ereof the three target specieser the total survey period,

with a total sample effort of 57.2km (28.6km of line transects, each sampled twice over
two survey periods). Total observations for each spesiedgetailed grass finchhlack-
masked finch andock-tailed tyrant were 89, 79 and 23 respectively.

Temporal Variation in Species AbundancBased on pooled data from sample period 1
(SP1) and sample period 2 (SP2) for a total grassland area of 27E&tmfated density
was 0.272individualghectarefor Wedgetailed grass finch (95 % CI 0.2090.305);
0.270 individualghectare for Blackmasked finch (95% CI 0.214 0.343) and 0.079
individualghectare forcock-tailed tyrant (95% CI 0.046 0.137). Producing population
estimates of: 754vedgetailed gass finch (95 % CI 580980); 7% black-masked finch
(95% CI 592- 950) and 220cock-tailed tyrant (95% CI 12# 381). Density and
population estimates from each sampling period are showfaisle 4.1. Thus,
populations of Wedgtailed grass finch are @dicted to be highest in the reserve, but
only marginally, and populations of Cotkiled tyrant to be lowest, at around 70% less
than both Wedgéailed grass finch and Blagkasked finch.

However, given the extent of overlap between the 95% GVemfgetailed grass finch

and black-masked finch and considering that their density estimates are almost exactly
the same, there is littlevidence to support thgtopulationsof these speciesre
significantly different.

Sample Density Abundance
Period N DE/ha 95% CI SE TAAE | 95% CI SE
cock-tailed tyrant SP1 13 0.090 0.0397 0.204 | 0.038 249 109 - 567 105.8
SP2 10 0.069 0.0217 0.219 | 0.042 191 60 - 607 117.6
PSP 23 0.079 0.046 - 0.137 - 220 127 - 381
Wedge-tailed grass finch | SP1 39 0.254 0.164 7 0.392 | 0.056 703 454 - 1088 154.0
SP2 50 0.291 0.208 -0.407 | 0.049 805 575-1127 | 136.0
PSP 89 0.272 0.209171 0.305 - 754 580 - 980
Black-masked finch SP1 41 0.259 0.1727 0.390 | 0.053 719 478 - 1081 147.8
SP2 38 0.282 0.18171 0.439 | 0.063 781 501 - 1218 175
PSP 79 0.270 0.214 1 0.343 ! 750 592 - 950 !

Table 4.1: Abundancend censity estimates for each target species, stratified by survey
period. SP1 = survey period 1; SP2 = survey period 2; PSP = pooled survey periods; N
= sample size; Dlha = density estimat@ndividuals/hectare)TAAE = total area
abundance estimate.

Spatial Variation in Species Abundanc®istances recorded ithe field were used to
divide each 1.3km transect into sections based on habitat typd-igiee 4.2) so that
eachbird observation could be assigned a habitat based on the distance that they were
observed along each transé8ee Table 4.2)
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Grassland Sub-habitat
CS/CC CL/SF
0-1000m (10) 1000-1300m (10)
780 - 1000m (3) 1000-1300m (3)
Transects - 0-1000m (3) 1000-1300m (3)
0 -1300m (5)

T21

0-1300m (1)

Table 4.2:Grassland sufhabitat divisions for Transects TOT21.The distances of the
exten of each habitat along each transect are shown with the total number of transects
for each category noted in parenthesI§S = Cerrado sensu stricto; CL/SF=Campo
limpo/Seasonally flooded; CC/CS= Campo cerrado/Campo sujo;
WET =Wetland grassland

Basal on 191 targespecies observations antbéal sample effort of 57.2kmdistributed
over 41 transect section§ varying length, eacheparated by habitat type (See Table 4.3)
and sampled twice: estimated abundance was 768 for-frlasked finch; 750 fo
wedgetailed grass finch and 427 for cotkled tyrant. Thus despite being the most
frequently observed species over the whole survey period, the population of-i&ieide
grass finch was not estimated to most abundant overall, with an estimatedipoita
lower, but similar to that of Blackiasked finch. Estimated populations of Cealed
tyrant were the lowest, at around 56% less than both Waglgd grass finch and Black
masked finch.

Density Abundance
Habitat | N DE/ha 95% CI SE HAAE | 95% CI SE
cock-tailed tyrant CSS 0 0.000 N/A N/A 0 N/A N/A
CL/ISF | 22 0.189 | 0.0881 0.406 | 0.074 398 1861 852 155.4
CCICs 0 0.000 N/A N/A 0 N/A N/A
WET 1 0.053 | 0.0347i 0.082 | 0.011 29 1971 44 6.1
black-masked finch CSs 6 0.253 | 0.09871 0.649 | 0.086 19 771 49 34.1
CL/SF | 29 0.300 | 0.1671 0.539 | 0.088 630 35171 1131 185.5
CCI/CS | 43 0.276 | 0.1881 0.406 | 0.053 90 617 132 14.3
WET 1 0.053 | 0.0431 0.066 | 0.006 29 237 36 3.2
Wedge-tailed grass finch | CSS 10 0.319 | 0.09971 1.033 | 0.133 24 7178 10.0
CL/ISF | 37 0.292 | 0.2157 0.396 | 0.045 613 45271 831 94.4
CC/ICS | 41 0.279 | 0.18017 0.434 | 0.061 91 597 141 19.8
WET 1 0.041 | 0.0347 0.048 | 0.004 22 187 26 1.9

Table 4.3: Abundance andahsity estimates for each target species, stratified by
grassland suhabitat. CSS = Cerrado sensu stricto; CL/SF =Campo limpo/Seasonally
flooded; CC/CS = Campo cerrado/Campo sujo; WET = Wetland grassland; N = sample
size; DEha = density estimaténdividuals/hectare)HAAE = Habitat area abundance

estimate.
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Distribution Assessment

Variation in Temporal Distribution of SpeciesOverall target species observations
between survey periods were similar, 93 in SP1 and 95 in SP2. Number of individuals
observed between SP1 and SP2 were also similar for each species, though marginall
higher in SP1 for both Codiiled tyrant (56% in SP1 and 44% in SP2) and Black
masked finch (52% in SP1 and 48% in SP2) and marginally lower in SP1 for Wedge
tailed grass finch (44% in SP1 and 56% in SP2).

Temporal Distribution of Species Abundance by
Sample Period
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S
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cock-tailed tyrant  black-masked w edge-tailed
finch grass finch
Species

Figure 4.3 Abundance estimates stratified ¥ample period for each target species. SP1
= sample period 1; SP2 = sample period 2. Standard error has been indicated for each
sample period estimate.

Abundance estimations showed a slightly diffeneattern (See Figure 4.3 ocktailed
tyrant, wereestimated to be more abundant in SP1, 249 iddals (95% CI 10%67)
compared with SP2, 191 individsa(95% CI 60607). Wedgetailed grass finch, were
estimated to be more abundant in SP2, 805 iddals (95% CI 578127 compared
with SP1, 703 indivduals (95% CI 454.088. However, lack-masked finch abundance
was estimated to be higher in SP2, 781 indivsl{@5% CI 5011218 compared with
SP1, 719 (Cl 473.08)).

Thus overall, all birds except Cot&iled tyrants were estimated to be more abunighant

the second portion of the survey. However, given the extent of overlap in standard error
for all species between the two sample periods, there is little evidence to support that this
difference is significant.
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Variation in Spatial Distribution of Spees: Wedgetailed grass finch and Blaek
masked finch were observed in all thie grassland zondsit Cocktailed tyrants were
only observed in CL/SF and WET habitat (See Figure 4.4).

Proportion of Target Species Observed in Each Grassland
Zone

- | —

B black-masked
finch
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O cock-tailed
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Zone
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grass finch
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Figure 4.4: Proportion of Target Species Observations for Each Gaasssubhabitat.
CSS = Cerrado sensu stricto; CL/SF =Campo limpo/Seasonally flooded; CC/CS=
Campo cerrado/Campo sujo; WET = Wetland grassland

In WET habitat all species were observefildquenty but irequal proportiongonly one
observation of each spesi) In CL/SF habitat Wedgtiled grass finch were the most
frequently observed species (42% of observations) and-tadel tyrant the least (25%
of observations). Wedgtiled grass finchwere also the most frequently observed
species in CSS (63% ofl &SS observations) while observation frequency was similar in
CS/CC for both Wedgtailed grass finch and Blagkasked finch.

Species density estimates for each sampled zone are shown in figure 4.5. These are based
on a total sample effort of 57.2Km, #pbetween each grassland habitat as: 4.7km of
Cerrado sensu strict¢CSS; 22.6km of Campo limpo/Seasonally flooded grassland
(CL/SF), 27.32km of Campo cerrado/Campo suj&c$/CQ and 2.6km of Wetland
grasslandqWET).

Cocktailed tyrants were estimated have the greatest population density in CL/SF
habitat, 0.19ndividuals/hectar¢95% CI 0.88EL - 0.406) over three times greater than
their density in WET 0.53H individuals/hectard95% CI 0.34E1 i 0.82E1). Black-
masked finch were also estimated have the highest population density in CL/SF
habitat,with 0.30 individuals/hectarg95% CI 0.1671 0.539). Population density was
estimated to be slightly lower in both CSS a@8/SF, 0.25 individuals/hectal(€l
0.98E1 71 0.649)and 0.28 individuals/h¢are (95% CI 0.188/ 0.406) respectively and
lowest overall in WET, 0.538 individuals/hectar€é95% CI10.43E11 0.66E1). Wedge
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tailed grass finch had the highest population density in CSS halfit&P
individuals/hectar€97% CI 0.99E1 7 1.03), slighlty lower densities were estimated for
CL/SF habitat,29 individuals/hectar€95% CI 0.2157 0.399 and CS/CC habitat 0.28
individuals/hectar€95% CI 0.18 0.43 and the lowest overall density was estimdted
WET habitat, 0.41H individuals/hectar€d5% CI10.34E171 0.48E1), eight times lower
than the estimate for CS/CC habitat.

Spatial Distribution of Species by Habitat
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Figure 4.5 Densityestimates for each specigsatified by grassland subabitat. CSS =
Cerrado sensu stricto; CL/SF =Campo limpo/Seasonally flooded; CC/CS= Campo
cerrado/Campo sujo; WET = Wetland grassland

Thus CL/CS was found to hold the highest densitiesook-tailed tyrant andolack-
masked finch, CSS had the highestveidgetailed grass finch and the lowest densities of
all birds were predicted in WET habit&Yith the exception of WET habitat, bohack-
masked finch andvedgetailed grass finchwere more evenly distributed between the
habitats with comparison tcock-tailed tyrans, found to becompletly absent both in
CL/CF and CC/CS. Furthegiven the ex@nt of overlap in standarerror between CL/SF,
CC/CS and CSS for both blackasked finch and wedgailed grass finchthere is little
evidence to support thehere is any difference in density between these three habitats
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Microhabitat Preferences

TWINSPAN Groups:The TWINSPAN analysis indicated the presence of eight sample
groups shown by differemolors in Apgndix 1 These were derived from a total of 411
samples (191 bird sample plots (BSPs), 220 random sample plots (RSPsgsaddn
the presence or absence of 7 categorical, witpradrat vegetation variables (See Table
3.1, Variables 7).

Proportion of Total Sample Species in Each
TWINSPAN Group
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Figure 4.6. TWINSPAN groups showing the proportion of total species and random
samples in each group.

Group indicators and species proportiong:he proportion of total species in each
TWINSPAN group are shown in Figure 4.6. Groupgd Were characterized by the
absence of shrubs and85by their presence (e = 0.173). Group 2 contained only two
samples and as thus, will be disregarded as it is too torallalyze statistically.

Group 1 (N = 31) is characterized by the indicators, bushes and
seeding/fruiting/flowering nofgrass species (e = 0.162). This group contained far higher
proportions of blacknasked finch and wedgailed grass finch than ranthosamples
indicating that these species may select areas which have these qualities preferentially.
However, proportions of coefailed tyrant were similar to random samples indicating
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that they may not. Group 5 (N = 64) is, conversely, characterized @abssnce of
seeding/fruiting/flowering of nograss species (e = 0.063) and an absence of bushes (e =
0.064). In this group, the proportion of blaglasked finch and wedgailed grass finch

are similar to the random samples.

Group 3 (N =108) was characized by a greater presence of tall grass (e = 0.101). This
group contained a high proportion of ceelled tyrants, with regards to the total
observed in the survey. Also, the proportion of etailed tyrants in the group was
considerably higher thanoth the random samples and each of the other bird species.
This indicates that coetailed tyrants may preferentially select habitat that has this
quality. In this group, blacknasked finch and wedgailed grass finch showed
proportions slightly lower busimilar to random samples, indicating that tall grass
(>1300mm) may not be important for these species.

Similarly, Group 6 (N = 125), amongst other characteristics, was also characterized by
the indicator tall grass (e = 0.036). This group had theesigphroportion of observed
cocktailed tyrants in any group. In addition, the proportion of etadled tyrants within

this group was more than two times higher than the group proportion of random samples
and considerably higher than proportions of bot#ickmasked finch and wedgailed

grass finch. However, in this group blaclasked finch and wedgailed grass finch

were proportionally higher than the random sample, on this occasion indicating a
preference for tall grass.

However, while group 3 washaracterized by the absence of both bushes and seeding
non grass species (e = 0.162) group 6, in which black masked finch and wedge tailed
grass finch proportion was higher than the random sample, was also characterized by the
absence of bushes but conetysby the presence of seeding rgmass species (e =
0.063)

Group 4 (N = 44) and Group 7 (N = 26) are both characterized by the absence of tall
grass (e = 0.101 and e = 0. 0.036 respectively). In both of these group4gaitsxtk
tyrants were completelgbsent. Blacknasked finch and wedgailed grass finch had
much lower proportions than random samples. Furthermore, group 7 was characterized
by the presence of seeding/fruiting/flowering rgrmass species (e = 0.063) with group 4
characterised by theabsence. Both groups were also characterized by the absence of
bushes.

Finally, Group 8 (N=11) is characterized by the presence of bushes (e = 0.064). In this
group, the proportion of wedgailed grass finch was considerably higher than random
and the poportion of black masked finch was also higher. Cualed tyrants were
completely absent from this group.
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Group ANOVA

Variable Gl G3 G4 G5 G6 G7 G8 F P

N 31 108 44 64 125 26 11

Tallest Veg 1621 1703 1071 1488 1723 1049 2114 38.56 <0.001
+327 +337 +245 +392 +281 +428 +637

Average Veg 716 741 527 690 742 532 708 11.82 <0.001
+194 +174 +207 +170 +187 +274 +169

Worm Depth 76 133 113 99 145 100 76 6.5 <0.001
+72 +81 +80 +73 +70 +76 +64

Table 4.4:Continuous environmental variables (meanz standard dewptiacth ANOVA
results (F and P values) comparing variables measured within each group. N = number
of samples; Tallest Veg = height of tallest vegetation (mm); Average Veg = average
vegetation height (mm); Worm Depth = depth of worm mounds (mm)

Betweengroup variation in ecological variablesDifferences in mean and standard
deviation are shown for each continuous ecological variable and each group in Table 4.4.
Results of the ANOVA revealed that all continuous ecological variables were
significantly diferent between the TWINSPAN groups (p < 0.001).

The highest mean value for tallest vegetation (TV) appeared in Group 8, a group
characterized by the indicator, bushes present. This group also had the highest mean,
average vegetation (AV) height. Meanwed for TV and AV were also high in groups 3

and 6, groups both characterized by the indicator, tall grass and by the absence of bushes.
These groups also had the greatest worm depth. Similarly, mean TV and AV was high in
group 1, a group characterized the indicator bushes. Means for TV and AV were
lowest in groups 4 and 7, those groups characterized by the absence of tall grass and
bushes.
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Groups 6 and 3 had the greatest mean worm depth (WD). WD was similar in groups 4, 5
and 7 and lowest overall inr@ups 8 and 1.

Proportional Presence and Absence of Bushes or Trees in the
Surrounding Area (<100m) for each TWINSPAN Group
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Table 4.7 Proportional presence and absence of bushes and trees in the surrounding
area (<100m) for each TWINSPAN group

Table 4.7 shows the proportional presence and absence data for the ecological variable,
surrounding vegetatiorisroups 15 show similar presence/absence patterns: around 60%
of samples do have bushes or trees in the surrounding area (<100m) while around 40% do
not. However, group 6 appears to have a higher proportion of samples with no bushes or
trees in the area §86) and in group 7, 100% of samples have bushes or trees in the area.

Proportional Presence and Absence of Worm Mounds for each
TWINSPAN group
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Table 4.8 Proportional presence and absence of worm mounds for each TWINSPAN
group
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Table 4.8 shows the proportional presence and absence data for the ecological variable,
worm nounds. Groups -8 show similar presence/absence patterns: around 80% of
samples do have worms while around 20% do not. However, group 6 seems to have
slightly less samples where worm mounds are absent and in group 1, 100% of samples
did not contain mounds.

The results of a chi? revealed that proportions of the categorical ecological variables
Asurrounding vegetationo and Aworm moundsao
TWINSPAN groups (p =0.002) and (p < 0.001) respectively. Proportions of theleariab
Atermitesod was not found to significantly di

2.5. Discussion

The cocktailed tyrant (CTT) and blaekasked finch (BMF) are two largely unknown
and little studied species of obligate grassland bird (Tubelis andalCaiti 2000;
Fitzpatrick 1980; Lopezt al. 2009). Both are considered globally threatened, falling
under the same | UCN risk classification of |
scale studies have focused specifically on these species andfiscjentnals relating

even vaguely to their abundance, distribution or ecology are exceptionally thin on the
ground. Of the literature which does exist, a significant proportion is either unavailable in
English or tends to offer only a paltry review of ebstional anecdotes regarding the
characteristic habits and behaviors of each species (see Fitzpatrick 1980;eL.@ez
2009; Sick 1993). Tubelis and Calcalcanti (2000) and (2001) provide the only two studies
published and readily available which comsidhese species quantitatively and as thus
will be referred to considerably.

In contrast, the wedge tailed grass finch is not globally threatened, falling under the

| UCN extinction risk category of ALeast C
consideredsignificantly more widespread and common then the other target species

(Stotz et al. 1996), it is frequently observed alongside them in both-flamded and
seasonalbflooded grasslands (Parker and Willis 1997; Sick 1993; Tubelis and
Calvalcanti 2000 an@001). An understanding of the ecology of this species alongside

the BMF and CTT may assist in explaining the absence of threatened target species from

areas of seemingly suitable habitat across their respective ranges (personal comment).

Habitat Zonation

Grassland makes up a significant proportion of the total reserve area, around 78%,
making this habitat an extensive and important feature of the reserve. Within it, several
habitat zones exist, the largest being an expanse of tall, seasonally floadsthryl
occurring in the Bajios (flat loying regions) of the reserve. This zone, referred to as
SF/CL grassland, is structurally comparable with Campo limpo (CL) (personal
comment), being observed to generally lack the scattered trees and bushésdiescri
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characteristic of the Brazilian Campo cerrados (CC) and Campo sujotSgRatteret

al. 2006; Sarmiento 1983; Ribeiret al. 1983 as reported in Tubelis and Calvalcanti
2001). However it should be noted that some bushes are present withontisat that

these are considerably infrequent and usually found associated with raised termite
mounds. Like SF/CL, stands of wetland grassland (WET) also occur in the Bajios in the
northern section of the reserve but these cover a considerably snesler ar

Additionally, two zones exist on a large seaftura (midlevel region, between high
ground forest islands and the léying bajios) which extends northward from the main
forest island. Both of these zones are considerably smaller than the SF&CHirsThand
largest, referred to as CC/CS, shares structural similarity with both the CC and CS
habitats of the Brazilian Cerrado (personal comment), being observed to include the
scattered trees and bushes typical of such regions (See &atbr2006; Sarmiento

1983; Ribeiroet al. 1983 as reported in Tubelis and Calvalcanti 2001). The second of
these, and smallest of all zones under study, is the CSS which shares structural similarity
with the Brazilian Cerrado sensu stricto (personal comment), bésegraed to include

the denser wooded compliment typical of that region (Rettal.2006; Eiten 1972)

In each of the Bajio grassland zones, the absence of trees and bushes is likely controlled
by flooding during the wet season, a factor that is kntovact in excluding wooded
vegetation in the lovlying flooded savannahs of the Llanos de Moxos (Langstroth (in
pres$). However, infrequent fire during the dry season might play some part in clearing
infrequent bushes from raised termite mounds in tlggone(personal comment) and/or

in maintaining its plant diversity (See Ratétral. 2006).

In contrast, the proposed lack of flooding on the saltoira during the wet season
probably permits the growth of its more woody vegetation, since tree greatisociated

with higher topography in the flooded savannahs of this region (Langstrofre@s;

Mayle et al2007). However, as the distribution of woody vegetation is not uniform over
the semialtura, and tends to graduate from more wooded to lessesoasl it extends

out, there is probably some other factor controlling the relative balance of trees and grass
in this area. Langstroth (ipres3 has suggested that the overriding factor dictating the
relative composition of vegetation on seatturas in he Llanos de Moxos is the
prevalent fire regime. This suggests that that the CCS and CC/CS zones could be
susceptible to woody encroachment in the absence or suppression of fire within the
reserve.

As Tubelis and Calvalcanti (2001) note, changesegetation structure are not abrupt

and patchiness is common in savannah landscapes. Additionally, although the seasonally
flooded savannahs of Bolivia are considered to share some similar elements of form
similar to Cerrados, the overall habitat is alsosidered unique and distinct (Langstroth

in pres3. Thus zones are presented, not as precisely measured, direct parallels of the
Cerrado habitats they are likened to, but as broad divisions of the overall grassland into
areas which are roughly structuradliynilar in vegetative form. Likening their structure to
Cerrado habitats is based on the observed component vegetation types present in each
and is intended to allow broad comparison between the habitat use of target bird species
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within the RBA to the smianumber of studies and observational data available, most of
which stem from work in the neffooded Cerrados of Brazil (see Tubelis and Calvalcanti
2000;Tubelis and Calvalcanti 2001; Lopetal 2009).

Abundance Estimates

Cocktailed tyrant (CTT): This species had the lowest population of all the target birds in
assessments of both temporal and spatial abundance. Little difference was found in the
temporal analysis of species abundance between survey periods for the CTT. However,
substantial diffeneces were noted in its spatial abundance between grassland zones. This
is consistent with the view that the species is a grassland specialist (Fitzpatrick 1980;
Ridgley and Tudor 1994; Tubelis and Calvalcanti 2000) as findings suggest that the
species usenly parts of the RBA grasslands preferentially, rather than having a uniform
abundance throughout. Tubelis and Calvalcanti (2001) also found evidence that CTT
abundance was not homogenous along the Cerrado sensu lato (CSL) gradient with
species confinedtjust two of four cerrado grassland habitats.

Consequently, and coupled with the fact that this bird is considered globally threatened
(IUCN 2010), it is not entirely unexpected that the population of this species within the
reserve is relatively low wh comparison to the wedgdailed grass finch (WTGF) which

is not considered to be globally threatened (IUCN 2010) and appears in the studies of
Tubelis and Calvalcanti (2001) to be more generalistic in its habitat selection over the
CSL gradient, appeamgnn four out of four CSL grassland habitats.

As a consequence of the CTTs apparent preference for particular zones within the
grassland, it is likely that spatial abundance estimates provide a more realistic
representation of the CTT population size withhe reserve. Thus, if the estimates
achieved in this study are correct, the CTT population within the reserve is around 427
individuals.

Although global population size has not been directly estimated for this species, Birdlife
(2010) currently listsite CTT as falling within the IUCN red list population criterion
band of 10 0019 999 individuals. Placement in this band is based on a density of one
individual per km2 (i.e. 0.01/hectare) in an estimated 2% area of occupancy (AOO) over
its total estimate range of 626 000kmz? (i.e.12 520km?). If the estimates achieved in this
study are correct, that would indicate that currently the RBA holds roughly 2-14%
4.27% of the global estimated population of ctaiked tyrants in an area less than 1% of
their taal estimated AOO (i.e. 23.7km?2 of 12 520km?2 when only CL/SF and WET are
considered). This suggests that the RBA is a significantly important area for the
protection of this species. Additionally, based on spatial estimations of density within the
CL/SF aad WET zones, the population within the reserve may exist at betw&8n 5
times greater density than Birdlife 2010 currently project.

Black masked finch (BMF):The results suggest that the BMF population within the

RBA is reasonably healthy. In bothmporal and spatial analyses of abundance, this
species was estimated to have a population size comparable with the more widespread
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and common species under survey, the WTGF and also considerably higher than the
estimated population size of its threatenednterpart, the CTT.

Although it seems counter intuitive that they should exist at a higher density than the
CTT since they share the same IUCN red list category and population band, at 169
000kmz (Birdlife 2010d), the estimated range size of the BMEoissiderably more
restricted, 73% smaller than that of the CTT (See Birdlife 2010c). Thus although it may
be locally common in an area, it is still considerably threatened. Bto#it. (1996)
considers the BMF an uncommon species but describes its eeldiivndance to be
patchy throughout its small range. Further, while some report it to be rare but locally
common (Ridgley and Tudor 1994), Tubelis and Calvalcanti (2001) found it
proportionally less abundant than both the CTT and WTGF in their surveiyeinsthe
Brazilian Cerrado. Considering this, our results suggest the species to be locally common
within the RBA and suggest the reserves importance for these birds.

Again, for this species, little difference was found in the temporal analysis ofiabhce
between survey periods. Similarly, little difference was apparent in spatial abundance
throughout most of the habitat zones (CL/SF, CC/CS and CSS). The two analyses
therefore estimated very similar population sizes for the reserve. However, lielal

birds under survey, the BMF was less abundant in WET habitat. It is therefore likely that
spatial abundance estimates provide a more realistic representation of the BMF
population size within the reserve. The results of this analysis suggeshehBM-
population within the reserve is approximately 768 individuals.

Birdlife (2010) currently lists BMF in the same IUCN red list criteria population band as
CTTs, between 10 0009 999 individuals. Unfortunately Birdlife (2010) do not project

an estmated AOO, for its range size but do suggest that if a species total range is greater
than 10 000km? and if the species is not a habitat specialist, the projected AOO could be
approximated as 10% of total range size. In this study, BMF were found todemipire

all four habitat zones within the reserve, indicating it is likely not to be a grassland
habitat specialist. Thus, very roughly, their estimated AOO may lye somewhere around
16 900kmz2. Thus if abundance estimates achieved in this study are cooeict, nean

that currently the RBA holds approximately 3.8%7.7% of the global estimated
population of BMF in an area less than 1% of their total estimated AOO (i.e. 27.7km2 of
16 900km2 when all grassland zones are considered). This indicates thieasiggifof

the RBA as a stronghold for this species and an important site for its conservation.

Wedgetailed grass finch (WTGF):This species showed similar abundance to BMF in
both the temporal and spatial analyses. Again, little difference was fotmel i@mporal
analysis of abundance between survey periods for this species. Additionally, and like the
BMF, little difference was apparent in its spatial abundance throughout most of the
habitat zones (CL/SF, CC/CS and CSS). Hence the two analyses oreestiorated

very similar population sizes for this species within the reserve. However, as the WTGF
was less abundant in WET, spatial abundance estimates probably provide a more realistic
representation of their population within the reserve. The estinzaf@igved in this
analysis indicate that the WTGF population within the reserve is around 750 individuals.
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The WTGF is not considered globally threatened, and is currently listed in an extinction

ri sk category of @Al east c oweeeeitisaonsidegedanhe | UCH
indicator species of healthy savannah ecosystems @tatz1996) and has been shown

to be intolerant of land transformation for pasture (Tubelis and Calvalcanti 2000) thus its
presence within the reserve is important to nodthough the presence of one indicator

allows us to say very little about a habitat, when found in conjunction with other rare and
threatened species it can be more strongly supported that the ecosystem is healthy (Stotz

et al. 1996). Thus the presencé the WTGF alongside the threatened CTT and BMF

provides some evidence that the reserves grassland is in reasonable shape.

Distributional Assessments

Cocktailed tyrant (CTT): As previously mentioned, little difference was found in
temporal distributio of CTT between the two survey periods. However it should be
noted that fewer females were observed during the second survey period than in the first.
Additionally females seemed to somewhat disappear towards the end of the survey and
despite multiple seahes the week following completion of the fieldwork (aimed at
photographing them), still none were observed. However, the males seemed to remain
frequent throughout this time.

The breeding habits of the CTT have not yet been reported for the Bennahvagion.

The species is known to commence breeding at the start of the wet season (September
October) in other parts of its range (Birdlife 2010). Males were noted to have the full tail
plumage typical of breeding birds (Ridgley and Tudor 1994) thrauigthe survey (See
Figure 1.7), suggesting that breeding had been or was occurring around the time of our
fieldwork. Additionally, males were frequently noted in the company of one or more
females up until the 2Dof August, though, their renowned dispaBick 1993; Ridgley

and Tudor 1994) were, sadly, not sighted. Given that the approach of the wet season was
immanent on our departure from the RBA perhaps this observational evidence points to
females nesting at this time, but further study would be edéal confirm if this is the

case. Further knowledge of the timing of breeding in this species would be useful when
scheduling proposed management plans within the reserve to ensure minimal interference
with this process.

Conversely, the CTT did showmsiderable variation in spatial distribution, more so than
either of the other target species. They were only observed in CL/SF grassland and in
WET, yet completely absent in both CC/CS and CSS. Species density was highest overall
in CL/SF (0.19/hectare)na almost four times lower in WET (0.053/hectare).

The apparent selectivity of this species for particular habitat zones within the overall
grassland area agrees considerably with other studies and records taken in similar
habitats. During abundance sieslof open grassland birds of a preserved area of Cerrado
sensu lato in Brazil, Tubelis and Calvalcanti (2001) recorded the CTT to be present in
only two out of four grassland sdfabitats. Birds were observed in both Campo limpo

58



and Campo sujo but despitepeated survey in the more bushy and wooded Campo
Cerrados and Cerrado sensu stricto of the study site, the species was not once observed.

Similarly, Lopezet al.(2009) presents several records of CTT sightings from ten years of

study across the Cawdo region of Brazil. Observations of the birds in Campo limpo

habitats are frequent and in the seasonally flooded savannahs of Fazenda Monte Carmelo,

they are also noted inhabiting campo sujos @athpo sujo com murundydescribed as

grassland with smalirees growing on raised earth related to termite mounds). At the

same site, one observation also notes their presence in swampy, wet areas known locally

as fAiveredaso. However, not a single observat
the more woded habitats that he describes for other birds including areas portrayed as

similar to our CC/CS and CSS.

The evidence points to this bird being a grassland specialist which is selective in its use
of grassland subabitats. Our study highlights thenticular importance of the SF/CL
zone within the RBA for the conservation of this species and also to a lesser extent the
WET. However, even though the birds are not thought to be as densely distributed in the
WET zone, this area may hold some other irtgpure for the birds, for example as a
drinking site or an area to catch insects at dawn and dusk when large swarms of
mosquitoes gather (personal comment). It is therefore critical that these areas of the
reserve are preserved for the conservation okfiesies.

Black masked finch (BMF):The spatialdistribution of the BMF was altogether different
from the CTT. It appeared to be less selective in its habitat choice within the reserve
being found in all four survey zones. Relative density was also similall zones
(between 2.8 individuals/hectare) with the exception of the WET grassland where its
density was found to be considerably lower (0.05 individuals/hectare).

These results contrast considerably to those of Tubelis and Calvalcanti (200fbuwtio

the BMF was only present in two of the four grasslandtaliitats in their study area.

BMF were only recorded in the two less wooded habitats under survey and completely
absent from the more wooded Campo Cerrado and Cerrado sensu stricto habitats.
Likewise, Lopez (2009) in his ten year review of observations in Brazil only notes the
species as being present in Campo limpo, Campo sujo and Campo sujo com murundus in
the seasonally flooded savannah systems of Brazil, never mentioning their preskace in
more wooded habitats described for other birds. Furthermore, BMF were not noted in a
prior survey of the avifauna of the Cerrado sesu stricto in the region south of the reserves
Cerrado access trail (Reekie 2010).

These studies imply that the BM§ in fact a little more selective in its habitat choice

than our results suggest, as they indicate avoidance of grassland areas where woody plant
density is very high, even within the reserve itself. However, unlike the Cerrado sensu
stricto habitat thaReekie (2010) sampled south of the reserves Cerrado Accesthaail,

zone that we define as CSS is exposed to the grassland on all sides. Thus perhaps the
birds utilize it more as an edge habitat and this may have inflated or inflated the estimates
we se for BMF population size within the CSS zone as a whole.
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Additionally, the study of Tubelis and Calvalcanti (2001) showed that BMF existed at a
considerably lower density than the CTT, suggesting that the species was not locally
common at that site. TBuyperhaps the birds do preferentially select less wooded areas
but can make use of a broader range of grassland habitats in regions where they are more
locally common. This may be why we see them entering into the CSS zone of the RBA.

Our results suggeshat the BMF is not a grassland habitat specialist, at least within the
grassl ands of the RBA, and can use multipl
CC/CS and CCS zones appear to have similar importance for the species. However
empirical evidence frm other studies suggests that the CSS may be less important for the
species. Further, comparative studies conducted within the reserve imply the CSS is
probably used more as an edge habitat. Additionally WET appears to be slightly less
important as the lils exist here at lower density than in other zones. However as
mentioned with respect to the CTT, this zone may hold some other importance for the

birds, for example as a drinking site.

With respect to our results and evidence from elsewhere, the gassiathe SF/CL and
CCI/CS zones are likely most important for this species and their protection is probably
key for the conservation of the BMF population within the reserve.

Wedgetailed grass finch (WTGF):The distribution of the WTGF largely shadowe t

BMF. It occurs in all zones at similar densities, but appears at much lower density in
WET. These results concur with those of Tubelis and Calvalcanti (2001) who found the
species to be present in all of their study areas including Campo limpo, Cajopo su
Campo Cerrado and Cerrado Sensu stricto at reasonably similar levels of abundance,
although marginally lower in the latter. Observations show that the WTGF was the most
frequently encountered bird in the CSS (See Figure 4.4). Additionally, the spexses
often spotted off transect along the Cerrado access trail perched in trees (personal
comment) suggesting that it may make more use of the CSS than the other survey birds.
However, further assessments within the CSS would be needed to confirm this,
paricularly in the area south of the cerrado access trail. However if it were the case, the
WTGF may stand to benefit at the expense of the other survey birds if this area increases
(i.e. as a result of woody encroachment due to suppressed burning).

Microhabitat Preferences

Cocktailed tyrant (CTT): This species was found to seemingly favor areas of tall grass
(>1300mm), being completely missing from groups characterized by its absence and
most abundant in groups characterized by its presence. Hencetisigprising that they

also they appear to occur most frequently in groups where the mean average and mean
tallest vegetation height is relatively high (See G3 and G6, Figure 4.4). However, this
preference would appear to be most noteworthy when taiéggtation is considered,

with the majority of CTT occurring in TWINSPAN groups which show mean
measurements of tallest vegetation around 1700mm, a figure ranging betw@&singo

taller than that typical of other groups. The only group that does sulpasgtre (G8)
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does not contain CTT. However, unlike the groups in which the CTT is most common G8
is characterized by the presence of bushes; likely the reason why its mean tallest
vegetation is so high. Similarly, G6, in which the majority of CTT samfa#, seems to

have a considerably higher abundance of samples which lack bushes or trees in the
surrounding area (See Figure 4.7). Therefore it seems that within the RBA, CTT prefer
areas of tall grass (>1300mm) and tend to be found in areas whers busladsent and

the mean height of tallest grasses is higher than average.

These results are largely concurrent with observational data from several other sources
which note the CTT as seeming to prefer areas of tall grass (Ridgley and Tudor 1994;
Sick 1993; Parker and Willis 1997). They also agree with data collected by Tubelis and
Calvalcanti (2001) which shows the species to be more frequently observed in less bushy
areas along the Cerrado sensu lato gradient (i.e. Campo limpo and Campo sujo) and to
the observations of Lopezt al. (2009) which never refer to the species as appearing in
heavily wooded areas. In this study, we found CTT were particularly concentrated in the
SF/CL zone, thus it is likely that this zone tends to have the tallest graddessahushes

of all zones.

Studies have found links between the habitat choices and life history traits of bird species
(see Seymour and Dean 2010) Therefore it is feasible that the apparent choice of tall
grass areas by the CTT may have links to ltfee history traits of this species, for
example feeding and breeding behavior. CTT are insectivorous birds who capture insect
prey by a combination of aerial hawking and outward striking methods (Fitzpatrick
1980). In utilizing the aerial hawking methaal bird will typically perch in an exposed
location, searching for flying insects which it snaps out of the sky during a brief upward
sally, terminating back on the same perch (Fitzpatrick 1980). This conspicuous behavior
was observed in several male CTTthin the RBA simultaneously on the 5th of
September during a morning observing the species.

Perhaps there is a selective advantage for a bird using such a feeding method to have a
tall perch. For example, being more elevated may allow it to see pailyi more sky

across the flat savannah landscape, an easier backdrop than grass from which to pick out
flying insects. Tall grass areas may thus provide better feeding habitat for théf @S .

was the case, then it wouldtnoecessarily be the heigbt the grass which is important

in the grassland, but instead its relative height with respect to the rest of the grassland
area.lt would be interesting to compare the differences in grass height between areas
where CTT are found within the RBA to oth&udies. Unfortunately this data is not yet
available for other savannah regions.

Tall grass areas might also be important for breeding. Male CThieaosvnedfor their
elaborate sexual displays and breeding plunf8gek 1993; Tudor and Ridgley 1994.

taller perch may function as a better stage for this performance and act to attract more
females. If this was the case we might expect to see congregations of CTT in areas where
grasses are tallest. Further, given both feeding and breeding scenamogiwealso

expect some element of territorial behavior particularly in the breeding season as the tall
grass could be considered a valuable resource for the birds and their pinsiecs. yet
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knownif the CTT is a territorial bird but is suspectedf being polygamougSick 1993).
If this is the case, perhaps females prefer males who defend taller patches of grassland.

What is also interesting is that the TWINSPAN groups containing the majority of the
CTT appear to also be associated with worm meu@d®, showed the highest proportion

of samples with worm mounds present of all the groups (See Figure 4.8). Additionally
both G3 and G6 had the greatest mean worm mound depth (See Table 4.4). Worm
mounds are characteristically found across the floodesklgrads of the Beni. They are
created by earthworms and held together by the roots of the bunch grasses which colonize
them. The mounds are not flooded in the wet season and as thus allow the persistence of
vegetation growth throughout the season. (HaaskeBeck 1989) The reason the CTT
appears to prefer such areas could be down to a number of things. If, as we stated earlier,
the breeding season occurs just before the wet season, then perhaps, the raised mounds
support vegetation for the birds to nesthile water levels rise. The worm mounds also
create more heterogeneity in the grassland environment and perhaps increase insect
availability as they create two distinct foraging zones, mounds and gullies (Haase and
Beck 1989) CTT might supplement their raalistinctive aerial hawking strategies with
foraging in these areas.

Speculation as to the reasons why this bird appears where it does could be much written
on. However, with respect to its conservation, what is more important is that this study
has povided a much clearer picture of several factors regarding its ecology: firstly, we
have an indication that it needs areas of tall grass; secondly that it seems to prefer less
bushy areas and thirdly, that it appears to prefer areas where worm moupdssarg.

Thus within the SF/CL zone these are probably important features to note when
considering the conservation of this species as its distribution throughout it probably
correlates with these attributes.

Black masked finch (BMF) and wedggiled gass finch (WTGF): These species
showed very similar patterns in microhabitat preferences. In almost every TWINSPAN
group, their frequencies were very alike and their pattern with respect to random samples
comparable. This relationship between the two iggeis likely a result of their similar
ecology. Both are members of the same family, the Emberizidae, of which most are
granivores and chiefly feed on grass seeds, sometimes supplementing their diet with
shoots, fruits and insects depending on the sg&sok 1993).

Both species seem to prefer areas where flowering/seeding/fruitingrass species are
present and also prefer tall grass areas, yet do not appear to be as dependant on
specifically high regions of grass like the CTT. Nor do they seemate la strong
association with worm mounds.

They were found to occur at high frequencies in TWINSPAN groups G1 and G6,
characterized by the presence of flowering, seeding or fruitinggress species (See
Figure 4.6). However, they occurred at low freggies in groups G4 and G7
characterized by an absence of tall grass (>1300mm), even though G7 was also
characterized by the presence of flowering, seeding or fruitinggress species. They
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also occurred at frequencies relative to random samples in ome gnaracterized by tall
grass, but by an absence of flowering, seeding or fruitinggnass species (G3) but
occurred at much higher frequency in another group (G6) characterized by tall grass
which conversely was also characterized by the present@aaring, seeding or fruiting
nongrass species. Thus the results show a preference for areas where
flowering/seeding/fruiting noigrass species are present and do indicate that the species
avoid areas where tall grass is absent. Perhaps then the firathes ig such areas to
make use of a potential food resource with which to supplement their diet.

Finches are known to congregate more densely in areas where specific food resources are
available for limited periods of time. Sick (1993) notes this bemawithe buffyfronted
seedeaterSporophilafrontalis which gathers in great numbers alongside other finch
species to feed on the bambdderostachysspp during its short fruiting season in the
mountains of Southeastern Brazil. While the results ofstiidy do not demonstrate such

a grand and pronounced gathering, they do suggest a neat but small scale comparison. It
would be considerably interesting to see if there was any difference in the choice of non
grass resource type chosen by each speciessamight provide insight into how two

such similar birds can exist at such similar densities together. Perhaps this might show
some level of niche partitioning between them and could even explain why the BMF is
inexplicably absent in some areas withinrgage (Parker and Willis 1997).

Comparing between groups where the finches were more frequent than random, G1 and
G6, and groups where they were more or less equally as frequent as the random sample,
G3 and G5, mean vegetation and mean tallest veyetagights across the board were
similar. However in groups where they were less frequent than random, the grass heights
were also found to be much lower. This indicates that the finches prefer taller grass areas
but are not specifically tied to regiotisat are particularly tall. Additionally, comparing

just between groups where the finches were more frequent than random, mean worm
mound height seems considerably variable, suggesting that these species are not tied to
specific areas where flooding is higi.e. the SF/CL and WET zones) and again points to
their more generalistic use of the grassland.

Both species are considered to be frequent users of tall grass savannahs (Sick 1993;
Lopezet al 2009) but unlike the CTT, are not mentioned to be depératespecifically
tall areas. Thus the results of this study seem consistent with this view.

It is also interesting to note the higher abundance of WTGF in group 8, characterized by
bushes, additionally around 80% of these samples were actually in stgg®sting
further that this bird may use the CSS more than the others. However, this was the
smallest group of the study so it is best to exercise caution in what we derive from it.

With respect to the conservation of both the BMF and the WTGF, thilg bas provided

a much clearer picture of several factors regarding their ecology: firstly, we have an
indication that they may congregate in areas where plants, other that grasses are
flowering/seeding/fruiting; secondly that they seems to prefer redsotadlbgrass and

that the BMF likely uses the CSS zone as and edge habitat. Thus these are probably
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important features to note when considering the conservation of this species as its
distribution throughout the overall habitat probably correlates wibetlattributes

Recommendations for the Future

There is an enormous complexity involved in trying to manage such a dynamic habitat as
a savannah for the conservation of wildlife. With respect to the species under study here,
a considerable amount of reseh is obviously needed before any real recommendations
on their conservation can be made as so little is known about them. However, the
following is a summary of the points raised by this study which would be useful focuses
of future work regarding thespecies within the reserve:

T

Target species must be assessed with respect to their breeding habits so that future
conservation management plans for the reserves grasslands do not interfere with
this process.

The importance of the CSS zone and the C&Getation in the area south of the
Cerrado access trail needs to be reassessed with respect to its importance for both
the BMF and WTGF as this study does not clearly show the areas importance for
these species.

If the CSS is found to be less importatr fthe BMF as we suspect, then
implementing some level of burning on the reserves -sdtmnias would be
advisable for conserving the grasslands here for this species. Patch burning would
likely be the best strategy so that not all habitat is removed sinaaltisly.
Additionally this would increase the amount of edge habitat, which we suspect
may be well utilized by the birds.

Likewise, the WET zone at the north of the reserve is in need of reassessment as
to its importance for all target species as thismaras not well represented in our
study, with only two full transects in the region.

Surveying the SF/CL zone in the region north of transects used in this survey is
needed to confirm the importance of this area for all species, particularly the CTT.
This would ensure that the birds are not simply congregating along the edge of the
CC/CS and SF/CL zone boundaries.

There is a clear need to retain areas of tall grass in the CSS, CC/CS and SF/CL
zones of the reserve for all birds. However for conservatfddTT populations,
particularly tall stands of grass in the SF/CL zone must be maintained,
specifically where deep worm mounds are present.

As the CTT also seems negatively associated with bushes, implementing burns or

removing bushes associated wighnhite mounds in the SF/CL may be required to
ensure they remain infrequent in this habitat. Also, although the lack of trees here
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may not be primarily driven by fire, dry season burns could still be important for
maintaining grass diversity in this regiobhus implementing patch burning here
too might also prove to be important in maintaining the diversity of the grasslands
themselves for bird species.

1 Finally, now that baseline estimates of abundance and density have been
achieved, continued monitoring integral for assessing the effect of the reserves
protection on these species and also the effects on conservation efforts stemming
from any management strategies which are implemented by Armonia.
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Abstract

Determiningand monitoring theabundanceof the Critically Endangeretlue-throated
macaw,(Ara glaucogulari$ within the Barba Azul Reserus one of the primary aimgaf
Bolivian Birdlife Internationalpartner Asociacion ArmoniaStudies of the movements
and behaviors of the blttbroated macaw are alsonsidered important taurther sparse
existing knowledge of the species and assist in dpuaat and implementation of
effective and focusedhanagement plans and long term monitoring strategiethér
conservation.Estimating theoverall abundance and distribution of this species has
proven to be difficult due tthe heavily fragmentechatureof its populations andlso to
the remotaess and inaccessibility of its habit@onsequently, relatively little literature
is currently available on the subje@irdlife International estimate the current global
population of these birds at no morertt80 individuals. Thiproject aims to investigate
the abundance, movement, habitat use and behaviors obgstng blue throated
macaws within the Barba Azul Reserve.

We collectedinformation on the distribution, abundance and behaviothef blue
throated macavand compared it to thenore commorsympatricspecies the blue and
yellow macawm(Ara araraung. To achieve this, mitiple evening point counts and forest
island roossite surveyswere conducted Analysis of the point count data showtbdta
minimum of 103blue-throatedmacawsand284 blue and yellonmacawswere using the
reserve prior to roosting-or the bluethroated macaw,hts represents a third of the
current estimatedylobal populatiorof this species and hence, highligtite consideable
importance of theeserveas astrongholdfor its conservation.

Comparson of datawith thatrecorded in 2009suggestdhe overall abundance dtiie
bluethroated macavhas increasedince this periodFurther, dta collected during the
forest islaad roost site surveys showed that although there were large evening
congregations of both speciesmchflew further afield and probablyosted in areasut-

with the reserve boundaries Islands did however appear to act as important
congregation pointsro 0-et b ® slbng tthe way.sAdditionallythe directional
movement®f the birds recorded in this study may assist future researchers in pinpointing
the precise locations afvernight roost sites.

3.1. Introduction

Theblue-throatedmacaw,Ara gaucogularis(Dabbene, 1921)s a critically endangered
endemic Bolivian species found on Appendix | and Il of CITE®. has suffered
significant populatiordecline over thepastthree decades owing to extensive pressure
from illegal trade as a result bbth capture for the pet trade and hunting for their long
tail feathers, utilized locally in ceremonious costumes and headdréBsesife
International, 2010).The birds are extremely valuable and fetch huge prices both
domestically and internationallfthe species hamaextremelyrestricted habitatbeing
almost whollyconfined tothe seasonally floodedlanos de Moxosavannah regioof
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the Beni Department in Northern Bolivién the wild it is found utilizing forested
savannah areascludinggallery forest andaisedforest islands (Yamashitet al, 1997).
The current existingpopulations of this species areavily fragmented and subject to-on
going conservation efforts by Association Armeithe Bolivian Birdife International
partner

Asociaddn Armonia facilitatethe preservation and regeneration of Hlumated macaw
numbers througlongoing conservation progranmvolving population and distribution
surveys, searches for further populationsd aoutreach programmersto the local
communitiesvia educational promotion (Hesset al, 2000) The known area occupied
by Bluethroated macavis estimated to be of 8600Kwhich is largely fragmented with
low numbers found in different parts of this area (Hessal, 2000). Current population
estimdes vary, with BirdLife International (2010) estimating between 50 and 249 mature
individuals with an estimated range of 12,908Krowever, Herrera and Hennessey (in
press) predict & total population to beetween 250 and 300 individuals. The largest
single count of this flocking species was 70 individuala aeasonally dry roosting site
observed in 2007 (IUCN, 2010).

In 1988, followingimplementation of a law passed in 1983 agadiregiping of the blue
throated macavandthe subsequenpassing of daw prohibiting the live exportation of
the animalgHesse et al 2000),the IUCNCclassified the blu¢hroated nacaw as globally
threatened(Birdlife International, 2010)Surveys conducted by Jordaat al (1993)
supported this move and led to a reassess of the species resulting in its
reclassification as Endangered (Bifellinternational, 2010). blvever cortinual sharp
decline in numbertead to further reclassification by tiidCN in 2000 to place it in its
current status oCritically EndangeredBirdlife International, 2010)To this day it is
thought that illegal exporting still continues (Herrera & Hennessey, 20Bid).
encouragingly Associaton Armonia parrot trademonitoring schemdias not detected
that presence of any BluEhroated Macawbeing illegally exported in the past two years
(IUCN, 2010).

Blue-throated and Blue and Yellow Macaw Status and Ecology

Typically the Benian habitat of the bhileroated macaw consists of forested islands of
variable size andallery forestelementsstreching along water courses, both present on
Alturas (regions ofelevated ground between130m and 235mand surrounded by
seasonally flooded grasstmin bajios (in low elevation ground <13PGwWWF 2008).
These forest fragments are occupied mainly by galmes of the Motacu palniftalea
phaleratg, the fleshof which provides an important source aiofd for many vertebrate
specieswithin the Beni regionand is considered the major food source tbk blue-
throated macaWDuffield & Hesse, Parrots internanal). Jordanet al. (1993)have also
reportedobservations ofhe species feeding on the nuts of anoffam speciesAcromia
aculeatealongsideobservations oft opening immature or unriplotact nutsto drink
the liquid from inside
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The blue and y&@w macaw baresa clese morphological resemblance to the blue
throated macavandthe specis exist sympatri@ally in the samesnvironment. However,
unlike the bluethroated macayblue and yellows hava large geographical habitat range
covering several cauries in Sout America over an estimated aref 7,730,000kr
(BirdLife International, 2010) and atested under CITES Appendix lklassified by the
IUCN (2010) aslLeast Concern. Even thoudilue and yellow racaw encounters the
same threats dduethroated macawncluding, illegal trading, deforestation and habitat
destruction, thie populations have not declined to the same ext8atme haveeven
suggestedhe possibility thatblue-throated nacaws are being cwbmpetedy the larger
blue and yellow racaw (Duffield & Hesse).

The social characteristics and behaviors of the -tiueated macaw remaitargely
unknown although they are considered a sociable species (IUCN 201@y are
frequently found together in pairs thavealso been notetb socialze in small groups of
7 to 9and may flock in considerably larger numb@tsCN, 2010).

Current Threats to the BlueThroated Macaw

All of the known sites which contain supopulationsof the bluethroated macavare
found within privately owned cattle mahes. A common threat to these environments is
the periodic burning and clearing of land to provide pasture for cattle (Hts82000).

The felling of treesin particularthe Motactulis also a considergaroblenatic due to the
speci es 0 ree sotonly for feedinht as & nest sitdnter-specific competition
from other species such as toucans, woodpeckers and other maxdwaing the blue
and yellow,may add additional pressumes these species compete for the same nesting
environment.

Despitedeclineswitnessedver the past 30 years, there aigns that the population may
be slowly increasing probablydue tothe extensiveconservation efforts imposed by
Asociion Armonia (BirdLife International, 2010). However, due to the severe
fragmentation of thepopulations, concermegarding thegenetic fithess ofemaining
populationds probably warranted

3.2.Previous Studies & Aim of this Study

Due to thenaccessibilityof the Beni region, sparse distribution, low population size and
erdemismof the bluethroated macawthere has been tieé published workegarding the
natural historybehaviour and distribution of the species

In August 2009, a baseline study was conducted within the Barba Azul Nature Reserve
by a group of studentsdm the University of Glasgow and Bolivian scientists. This study
collected provisional abundance data tioe bluethroated macavamong other species
andprovided a baseline for this more detaiteoirent study to be comparderomfurther

work carried ot in 2009 within the Barba Azul Nature Reserve, it has been &stin

that the area holdspproximately 70 individuals in the dry season and 20 individuals in
the rainy seam.
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This studyaimed to quantify the abundance and distribution of the endemi bl
throated macaw witltomparison to the more prevalent blue arelow macaw and
investigate its behaviorfo do this work focused ocollecting data duringre-roosting
hours when parrots were easipserve and count as they gathered into flocks prior to
roosting. In particular the aims of this study are to:

1. Carry out regular counts of the bhieroated macaw and establiphe-roosing
movement patterns within the Barba Azul Nature Reserve in compéansthe
blue and yellow.

2. Assess whether there arstdrspecific behavioral differences or interactions
between the two species of macaw@roosting

3. Estimate the population size of bitteoated macawurrentlyusing the Reserva
Barba Azul

3.3 Methods

Island Surveys

Collection ofdistributionand population datéor the bluethroated macavand blue and
yellow macawwere conducted over a period of 5 weeks from fle@PAugust 20100

the 4" of September 2010. kotal 6 forest islands (Table 3.3.1) within the savannah were
used for survey.® or t o the survey it wasnot Kk nown
using regularily. A prelimingy visit to each island was conductedhe week prior to the
start of the systematic survey in order feomiliarize ourselves with the terrain and
travelingdistances. Travel to and from the islands was foot or by horsebaategpending
ondistance. Islands whidblue-throated macawere thought to use at least occasionally
were located via information from locdi®m neighboringranches and from associates
of Asociacion Armonia who had visited tBarba Azul Nature Reserve previousBome
islandswere included in the survey even if it was unknowrBlfie-throated macaw
utilised them. Each forest island wasited once a week so that each island wsited 5
times over thsurveyperiod.
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Island G.P.S Location

1 S13°45.844' W066°07.026

S13°43.817' W066°06.540'

S13°44.525' W066°05.538"

S13°41.586' W066°08.138"

2
3
4 S13°44.583' W066°05.775'
5
6

S13°41.427' W066°07.839'

Figure 3.31 Map showing thedcations of each forest islarfdark Green)n the Barba
Azul Nature Reserve utilised in the island surveys and thier corresponding G.P.S
location.

Information collected at each site included data for lodtie-throated macavand ble

and yellow macaw. Data gathered were as follows: date, island nuanbeG.P.S
location of observation poimtyeather conditions, number midividualsflocks observed,
direction of macaw traveltime of arrival and departuref each individual/flock,
distribution of the macaws in the treg$f landed) ratio of adults to juveniles (if
detectable) and ne$s on any behavior exhibiteBreroosting time was determined to be
one and a half hours prior to sun down based on the sightings of departure froairthe
island of both species of macaws in theiahiiveek. Hence surveys started at each forest
island at 17:00h and continuedtil 18:3(. Location data was recorded with hand held
Garmin Etrex Global Pationing System (G.P.S) device
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Island Distance to Main Forest Island

(m)
1 178
2 2189
3 810
4 413
5 7223
6 7185

Table 3.3.1Approximate distances of each island from the main forest island.

Point Count Surveys

Pre-roost population couatwerealso conducted for botthe bluethroated macavand

blue and yellow macawrlhree stations were chosen sgparatgoints around the main

forest island where a maximum viewiglistance was possible for observatidhe first

station was located at the most easterly point at the end ohdhreforest island with

GPS |l ocation S13A45.49106, W066A07.1866. The

side of the main forest island along the R
WO66A06. 9906. The third st alyonohenostlassleof ni t i al |
the island 200m from the main camp at G. P.

After 3 days of observation it was found that visibility of macaws leaving the forest was
somewhat obstructed so this point was then moved to a locaitiora better all round

view, 800m east along the mamade track running along northern side the main forest
island at the G. P. S p o Pantcount$otafoAstabe sbwnod , WO 6 6
the map in figure 3.3.20ne or two people were allocateda station on eadlay visited

and each station was visited simultaneously
at half past 6 in the evening. Each observation of eiherthroated macawr blue and

yellow macawwas noted along with the timaumbers of individualsand direction of

flight. Any othermoteworthy observations were also recorded
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Station G.P.S Point
1 S13A45. 4916,
2 S13A45. 8706,
3a S13A45. 4916,
S13A45. 2976,
3b

Figure 3.3.2Locations of the point count surveys in the Barba Azul Nature Reserve and
corresponding G.P.S ponts. 3a = indicates the G.P.S point for this station utilised in the
first 3 days of data collection, 3b = indicates the point utilisesubsequent surveys.

In selecting the most suitable monitoring method for measuring abundance the use of
other methods of population sampling such as caphamcrecapture were considakr

but were not used due to temall numberof birdswithin the population and the high
disturbance this method would have involved. It was decided that to reduce any physical
impact on the natural behaviour lmiie-throated macawand blue and yellow macaihe

studies should be conducted by counting the individuajgressely as possible from
distance where behaviour was still able to be recorded. In order to reduce the chances of
interfering with their natural behanir, a marmade hide was usedd order to conceal

the observers if the viewing point was extreyneposedBoth Island surveys andmt

counts wereusually conductedby 1-2 observers Given the open view across the
savannah and the visibility of flying birds the number of observers appeared to have little
impact on how many birds were detected. Carsible care was taken in identifying
each individual in order to achieve accurate results.
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As it is likely additional birds flew away from the main island between the areas
observed by the point counts and possibly during other times of the day outevith t

observation time, the figuregpresent the minimum number of individuals using the

reserve on each survey day.

Habitat and Ecological Surveys

Each islandused in the project was surveyed to gather data on their dimensions in order
to estimate the totaarea of the island. This was achieved by recording the northern,
southern, eastern anglestern G.P.S points on the edge of the islands and central G.P.S
points. The majority of the islands were roughly circular therefore, their area was
calculated with e equation:Ar e a 2=Theferwas only one island which was
recognisably not of this shape This island was shaped like an isosceles triangle, therefore
its area was calculated by the equattoea="A{base x height

The islands were also visited by a botanist to mithe identification of the main tree
species in the island that the macaws utilised. Botanical data collected included
identification of the main species of tree and whether the trees had fruits present on them.
Samples of trees that were unidentifiablergvcollected so they could be brought back to

the Museo de Historia Natural Noel Kempff Mercado in Santa Cruz and correctly
identified in the laboratories there.

Data Analysis

The raw data collected from the project was organised in Microsoft Exc8l 0@
creation of the tables and graphs were also done on Microsoft Excel 2003. The
programme MiniTab 14 was used to preform statistical analysis of the data

3.4 Results

Island Surveys

A total of 30island surveys were used in the argfy The overdlresult fromisland
surveys showedthat the tendencyfor blue-throated macawo perchwithin the islands
was rareAlso, o evidence was foundf the blue-throated macaveeding within the
forestsduring thesurveyperiodas no fruits wer@resent upon # Motacu palmsvithin
survey islands. Island 4 waghe ishnd where observers frequently notétge
accumulatios of blue-throated macawHowever, this island was not utilized as a
roosting siteover night by eithethe bluethroated or blue and yellow rcaw.

A Spearman Rank Corréation Coefficient anccorresponding scatter pldsee Figure

3.4.1) were used to examine amglationship between the area of each island used in the
island surveys and the distance @flands from themain forest island. &l drect
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relationshipwas apparent from the graphed the Pearson product moment correlation

coefficient confirmed this with r =0.371.

Scatterplot of Rank (Area) vs Rank (Distance)

Rank of Smallest to Largest Island Area

1 2

Rank of Nearest to Furthest Forest Island from Main Island

3

4

5

Figure 3.4.1 Scatter plot illustrating the relationship between the ranked data ¢f eac
islands area (1= smallest, 6 = largest) and the distance of each island from the main

island (1 = closest, 6 = furthest).

A Spearma@ Rank Correlation Coefficient,sr was also calculated to assessny
relaionship betweenthe numbers of observed bitleoated macavin relation to either
the distance of each survéyestisland from the main island or the area of each survey

forest island:

r{(number of individual§ye throated macaw distance¥ -0.058
rs(number Of |nd|V|dua§uethroated macaw area): '0580

The level of significance for N = 6 in a twailed test in relation to the critical values of
S p e ar ma ndrslatian @aefkicient equal®.886. This value is not sificant and
therefore showso relationship between the numbersbafethroated macavobserved
and the distance of the forésfand from theanain island othe area of th&rest islands.
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Figure 3.4.2Frequency bindividuals observed landing the island Numbers represent
the total macaws observerved landing in and renmgimn the islands untill the end of
each daily survey for the whole survey period of 5 weeks .

The total number of individual®bservedactually landing in eaclslandover thesurvey
perriodand remainingn the island up to the end of the observatigraiod is illustrated
in figure 3.4.2 Low numbers of both species were r@gat in islands 1, 3, 5, and 6. In
Island 2 exceptionally higmumber of bue ard yellow nacawdandined and remained in
the islandwith comparison to thethershowever, only 2bluethroated racawswere
obseved to land on this island Island 4 had aonsiderably larger number of blue
throated macaws landing in it with respect to other islandsvasdhe only island where
morebluethroated nacawg(82) wereobservedhan blue ad yellow macaws52).

o
o

w 20 -
5
g 40 -~
3 30 - m Mo. Of Blue-Throated
B Macaws Flying Over
g 20 - = MNo. OF Blue and Yellow
E Macaws Flying Cver
- - '

0 |

1 FJ 3 4 5 1]

Island

Figure 3.4.3 Numberof individuals observed flying over the istlnwithout landing.
Numbers represent the total macaws observeflyady over the islandsver the whole
survey periof 5 weeks
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For the whole survey periothe total number of individuals observed flying overhead
was recorded in addition to the numbeo$ birds landing inthe islands. Figure.3.3
shows that there was a large variance in the numbers of individuals redlyidgd
ovelthead between survey istds Large numbey of blue and yellow racaws observed
flying over island 1but converselythere werevery few records of lue-Throated
Macaws hereEqual numbers of each species were observed at statiohee Were
large numbers of both species flyingeokead at islands 3 and #pth of which are
located close to the main forestaisd. Islands 5 and, Gocated further awayrom the
main island inthe north of thaeserve sawower butsimilar numbers of blu¢hroated
Macaws (Nsjand 5= 10, Nsiand 6= 14) and blue and yellow acaws (Nyjand 5= 8, Nsjand 6=
17).

Point Count Surveys

A total of 36 point count surveysvere used in the analys{8 points, surveyedwelve
times) In total, 109 sightings of a group of one or mobtue-throated macawvere
achieved while354 sightings of a grquof one or more blue and yellow macaw were
achieved The majority ofblue-throated macawsightings consisted gfairs (41 of 109
sightings) or of gnall groups of between 3 and 6 (41 of 109 sightings). However,
sighings of flocks of>6 individuals wee not umommon (13of 109 sightings)For the
blug throated macawhe largest flock recorded piarting from the main island consisted
of 58 individuals and the largest number of separate individuals recorded letwing
island on any one day was 1@#lividuals. As o individuals were recorded flying
toward the island at thtime of daythe latter figurerepresergthe minimum number of
individualsthat could baising the reserve.

Visual obsevation of raw data from@nt count surveys suggest that for both the blue
throated macavand the blue and yellow macawhe vast majority of individuals are
flying in a northerly direction away from the forest island atqo@sting time Figures
3.4.4 and 3.4.%ighlight this tend. Northerly directions includenges between north
west and nortleast ad southerly directions include rangesitheast and souttvest.
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during the point ounts.
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Figure 3.4.5Daily directional movement of A. ararauna from the main island during the
point counts.

From personal observations, there appeared to be a tendencybluetiieroated macaw
to depart the main island earlier théoe blue and y&@w macaw byapproximately 1
hour. In contrast, blue and yellow macagemed taontinueto depart from e main
forest island much latehat the blue throaHowever, in both species, the numbers of
macaws observed tended to drop off over time.

In this analysis, k blue-throated macaveobservations (N = 532and blue and yellow

macaw observationsver thewhole survey period were used hese figures aract
intended to represent thdue-throatpopulation butinstead, taepresenthe significance
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of departure time in relation @bundance. Eacdurvey period for each individual survey
point count was divided into intervaté 20 minutes in lengtfrom the time at which the

first sighting of either species was recorded at that locaktgure 3.4.6 shws the
cumulativenumber of each species recorded over six time intervals from the first sighting
of each species at each poiMost bluethroated macawbservations were recorded
between 00:00 minutes and ROminutes The number of observations withéach time
period appears to decreass the length of time increasm accordance with the fore
mentioned observationédditionally as the number of blttaroaed macawbservations
starts high and drops off, there is somvedence to support that the gletime of blue
throated macaw departure could be much earlier than our surveys began.
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Figure 3.4.6Number of individuals recorded during in intervals of 19 minutes

The majority ofblue throated macawightingswere recorded at station 1 followéy
station 3 therstation 2.This pattern was also observed for the blue and yellow macaw
(Figure 3.4.8)

and
BOO
o0
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B Tota Mo, Of Blue-Throated
400 Macaw Obseryved

300 Total Mo OF Blue and Yellow
Macaw Observed

Total Mo, of Observations

200
: 1
0 .
2 3
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Figure 3.4.8Total number of observed individuals recorded during the point counts.
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Overall the results confirnthat there are a larger numbei blue and yellow macaws

usingthe Barba Azul Nature Reserve than there are blue throated macaws. Despite the

fact that the number afbservationgor each specieuctuates on a daily basis and from

place to place, we can say with some level of cestdivat the mirmum numberof blue-
throated macawsing the reserevie 103 andalso that the minimum number of blue and
yellow macaws using the reserveB4.(See Figure 3.4.9)
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Figure 3.4.9Total number of observed BHi¢roated Macaws and Blue aivellow
Macaws during the point count surveys.

All the observations were taken from within the Barba Azul Nature Reserve as we did not
have permission from the neighbouring ranch owners to have access to their land. It was
however evident to the South d¢ime other side of the river, the neighbouring ranch of

6Juvenad that t her e

not possible to tell whether the macaws on the other side of the rivebluerthroated

or blue and yellovdue to their distance

Behavioral Observation

wer e

significant

number s

There wereonly afew instances where notable behaviour was observed, whether it was

inter-specific or intraspecific. Blue-throated macaws and blue and yellowaaws were

noted interactingon a couple of occasns. The first was on the 10/08/2010 at 17:31

during a point count survey at station 3 and the far end of the maid istzen a mixed

flock of threebluethroatedand seven blue and yellow macaws were observed flying

away from the main island
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Further,at station 2 on 24/08/201¢ariousbehavioural observationgere made. Firstly,

10 bluethroated mcaws wee observed dt7:21 continually taking off and landing e
edges of the main forest island before their eventual departure to the north. Diging t
period theyalso flew down to the river edge and some individualswere obsered
drinking beside a group of blue and yellovacav which was also observedrcling
around the river and landing to drink from it. Althougdjiie two groups of macaws were
obseved mixing togetheit was noted that #hbluethroated macaws seeméidcouragd

to drink when members of the blue anellgw group were in immediate proximity to
them.

A second pair of blu¢hroated macaws was observed at the river edge during tim poi
countataround17:51 However, this pair kept their distance from the group of Blue and
Yellow Macaws

Island Habitat and Ecology

Each island utilized as a preosting survey site was assessedbimanical featres and
dimensions. Island 1 wake largest estimated at 21642@nd the smallest wasland 2
estimated at 1256has shown in tale 6. The only islangvhich was notircularin shape
was island 4which was instead, more triangular

Island Area (nf) Circumference (m)
1 21642 510
2 1256 175
3 4778 291
4 5008 387
5 5281 144
6 4301 232
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Table 3.4.3Calculated area for each forest island studied in the island surveys and
circumference.

Aquilino Molino (expedition botanist), noted that the floral composition of each island
was similar The islands were dominated by the Motacu palm spegiegh@leratd but

no fruits were presentupon any of thesereesin any of the islandat the time of study.
However old fallen nutswvere visibleon the floor ofthe islands. Some of thedescarded

old nuts showed evidence of beiegten by bothmacaw speciesAs described by
Yamashiteet al (1997),blue-throated macawonsumehe mesocarp layer of the Motacu
palm nut by puncturinghe apex of the nut and removing its outer layefiore scaping

and consuming the mesocdagitudinaly across the nut as shoimrpicture 3.4.1.

Picture 3.4.1 The Motacu palnmut. Left showsthe mesocarp layer scraped
latitudinally bythe Hue-throated macavand Right:an uneaten specimen

Only theecolayy of island 4 proved to be different from the other 5 islands used in the
island surveys. It was evident that on islané.4phaleratawas nd present. The trees
within the island were sparsely distributed and upon identification by the botanist the
tree, Vochysia thyrsoideadominated the centre of the island. This tree emerged higher
above the cangpthan any othetree in this island and was estimated between 12m and
15m in height. There was no indication of any fruits upon this tree, nor on any of the
other trees within this island. Bldbroated mcaws were observed on many occasions
congregating inthis tree duringpoint count surveys at station 3. A nest box put up
previously by Asociacion Armonia was present on this tree however, there was no
eviderce of itbeing utilised by the macaws and it had becaorfessted with termites.

3.5Discussion

The first aim of this study was to estimate the abundanbéuefthroated macawvithin
the Barba Azul Nature Reserve through paountsurveys and island srveys andalso
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to collect daa on their directional movemeifitom the main forest islands out to the
smaller forest islandand compare tkito the abundance and movement of the sympatric
blue and yellow macawn addition to this, the natural intepecfic behaviour between
blue-throated macawand the blue and yellow macaiuring the island surveys and point
count surveys was also recorded. This discussion examines these aims through the
separate analysis of each observational type, island surveys artdcponts, thus
providing anup to date record of the status Biuethroated macawvithin the Barba

Azul Nature Reserve.

Theinitial plan prior to arrivalm the Barba Azul Nature Reserve was to carry out only
the island surveys as a means for the abnod survey as it was presumed tBhate
throated macawtilized the smaller forest islands within the reserve during the night as a
roosting ground. It was soon realised that this method provided limited information on
the populations so after one weekooihducting the island surveys a second method of
observation was introduced, the point count surveys. The point count surveys provided a
more accurate record of the populationBdfie-throated macawvithin the reserve and

the island surveys allowed for amalysis of the numbersf individuals utilizing the

forest islands at nightfall.

Island Surveys

Exploration of the reservia the first week of the expedition enabledest islands to be
located wherghe Hue-throated macawvas believed to roosSone islands were also
chosen even iit was unknownwhetherthey wereutilized by blue-throated macaver
not. Observation time wasgteicted to the preoosting periodas this was when the birds
tended to venture outwards from the main island and becatably more visible,
audible and active.

From observations it is safe to conclude thlte-throated macawlo not utilise the

smaller forest islands within the Barba Azul Nature Reserve to the extent that was
expected. The project established that tlaeesa large numbef blue-throatedmacaws

andblue and yellow macawshich utilize the main island in the day badé not reside in

the smaller forest islands during the night. Fromsinereys conducted in the far north of

the reserve at islands 5 andl6c¢cks of blue-throated macawand blue and yellow macaw

were observed flying owtvith the reservéo thenortand i nt o t he oOLas Gam:
possiblyevenfurther afield.

In surveying the habitat of the islands none of the Motact palmseshany signof
fruiting indicatingthat the macaws did not use theskndsfor feeding atthe time of
survey andthat theyprobably exploited the main forest island for feeding purposes
instead However, scattered across the floor of the islands were old nuts dudcfallen

from the trees indicating that they had already fruited earlier in the year. This is in
accordance wittBarthlottet al. (1998) who statehat the Motacu palm fruits early am

the dry season and in the onset of the wet season. In relatiois factit would not be

wise to rule out the possibility that these islands may be used for fesd#wvgn roosting

at differenttimes of the year from when thpsoject was conducted.
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Point Count Surveys

The points counts were conductedareasvereviewing capacitywas maximal andhe
potential of overlappingpbservatioal ranges from the other pointavas small This
allowed for a moreaccurate population count. The stationgevall positioned apoints

at approximately equal distances from amether around the main forest island allowing
for a large geographical range. The original point for station 2 was approximately 200m
from the main camp however, this point was rated after 3 day® a point located a
further 600m along du®the refiction to view caused by an eatop of tees

Fromvisualanalysis of the raw data alirectional movements from all three of the point
count stations, the vast majoriof blue-throated macaveeemed tdly from the nain
forest islandn a northerlydirection. This is supportely the histograms depicting ihe
directional movements (Sedgkres 3.4.4 and 3.4.5The most logical reason explaining
this direction of travetould be that,dcated towards theorth of the reserve there ar
abundancefesmaller forest islands on thgerimeterof the reserve and also further afield
outinto6 L as G a mahicld may laerusedh for roosting

It was clearthat station 1(located at the most easterly point of the main forest iyland
yielded significantly hgher numbers oblue-throated macavsightings than any other
station This uneven distributionof blue-throated macawsightings may be down to
factors both biotic and abiotic within the forest islaRdr example the distribution of
fruiting trees withinthe main island may have affected where the macaws were located or
as most sightings were achieved at the point furthest from the main camp, perhaps the
birds tend to avoid gathering near sites of human activity.

One veryinteresting observation whicto date does not seem to halbleen mentioned in
any other literature, is the suggestion ofliference in departure timbetween the
species. It seemed thhlue-throated macavtend to deparfrom the main forest island
before the blue and yellow maca®n many occasiondlue-throated macawveft the
main forest island approximately one hour priorthe blue and yellowThis behavior
was especially apparent at station 1. Station 1 was a key position for observing intra
specific ineractions and patterns daily migratory lehaviour. Station 1 was located
close proximity to island 4psed in the forest island surveys. Island 4 was only
approximately 413m away from the main forest island and vss key site for
behavioral observation3heVochysiathyrsoideatree was distinctively utilised biglue-
throated macasy which perched in its branchestine early evening. It was apparehit
blue-throated macaviended to flyfrom the main islanaéh pairs or small groups of 3 tb
individuals. However, thesards would often perch imsland 4andremain here until a
large number would build up, with instances of up to 80 indafisl being observed.
After this, the flock wouldusuallyleave togetheroften upon the emergence of blue and
yellow flocks from the nain island and travel away in the same directiaa them
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