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Abstract

The sarletmacaw Ara macao cyanopteddas an endangered species in Mesoamerica due to illegal traffic, habitat loss, and hunting. In Mex
range has been reduced by 98%. Between April 2013 and June 2014, a population of 96 individuats ofanopteravas reintroduced (Six
releasingevents), in the tropical rainforests of Palenque, southeast Mexico, where this macaw had been extinct for the last 7Thigeansdy
documents the use of wild foods and range use by the reintroduced macaws for the rainy season period June to No@&mbBere2Znacaws use(
140 trees of 31 species (19 families; 84% native species) as a source of food. Seeds and fruit accounted for 70%toT trenedi@ining 30%
consisted of bark, stems, leaves, insect galls, flowers and shoots. A subset of fiseitess was highly dominant in their diet (regarding numk
of trees used, months used and feeding recor&gatial data showed that food trees used by the macaws were dispersed over 36 ha and
highly clumped distribution. The macaws used an add#id®3ha for norfeeding activitiesThe dietary diversity and breadth (as indicated |
Levin’s Index) of the reintroduced macaws closely approaches that of wild macaws. The capacity of the reintroduced maseawtdtdoods, a
very low mortality in thereleased population (9%), and the occurrence of nine successful nesting events, attests totaramarccess of the
reintroduction. We discussed the observed patterns of use of wild foods and habitat by the reintroduced scarlet macawsritettieofthe soft
release protocol used and behavioral flexibility, accumulated social learning and a high cognitive capaaiitgl of psittacines, aspects essenti
for a successful adaptation to the wild.
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Resumen

En Mesoamérica, la guacamaya rad}aa macao cyanoptejaesta amenazada debido al trafico ilegal, la pérdida de habitat, y la caceria. En M
su distribucion original se ha reducido en 98%. Entre abril de 2013 y junio de 2014, se reintrodujeron 96 individnoscglanopteréseis eventos
de liberacién) en las selvas de Palenque, México, en donde este psitacido se extinguio hace 70 afios. Este estudio documenta, jplaredeelge
época de lluviagunio-noviembre 2014, el uso de alimento silvestre y rango de accion de las guacamayas reintrodusigaacamayas usarol
140 éarboles de 31 especies (19 familias, 84% especies nativas) como fuente de alimento. Las semillas y frutas conkti$edersa dieta, el
30% restante consistié de corteza, tallos, hojas, agallas de insectos, flores y reBmatesespecies dominaron su dieta (en cuanto a nimerc
arboles usados, nimero de meses en gque se usaron y nimero de registros). El andlisis espacial mostr6 que los arboteslasgdesamayas
como fuente de alimento se encontraron dispersos engBgtmostraron un patrén agregado. Otras 23ha fueron usadas para otras actividad
diversidad y amplitud en la dieta en las guacamayas reintroducidas se apnaiogvalores reportados para poblaciones silvestres. La capac
de las guacamayas reintucidas para usar alimento silvestre, una mortalidad particularmente baja (9%) y la ocurrencia de nueve eve
anidacion, atestiguan el éxito de la reintroduccién a corto plazo. Se discuten los patrones observados de uso de aliestety siso dl habitat
en el contexto del generalismo ecoldgico, aprendizaje social acumulado y una alta capacidad cognitiva, tipicos en ysit&écidiades para une
adaptacion exitosa al medio silvestre.

Palabras clavereintroduccion, ecologia de forrajeo, Nedpico, psitacidos
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Introduction

Reintroductions ofspecies, which are locally or globakltinct, have proven to be effective for the
restoration/conservation of many threatendduna [1,2] For example, theed-neckedostrichin Saudi Arabia

the southern groundHornbillin South Africaand the vinaceous Amazon parrot in Braf@kethese and other
case studies irg])). Althoughits use as a conservati®ool remains controversigdP, 3], reintroduction to restore
or reinforce populations in its indigenous range is nonetheless a valuable approach [1]

The family Psittacidaencompasse874 extantspecies wddwide, but 52% are reportedy the IUCN Redist,

with populations decreasindn{tp://www.iucnredlist.org/by; consulted May 3, 2015Arecentassessment dhe
commondenominatorsof success in gittacine reintroductionsindicatesthat a firstyear survival >0.50 and
released birds breeding with conspecifics is an important measure of success. In addition, habitat quality and
postrelease supplementation are importantexlictors of successful psittacine reintroductida.

Eighteenextant species of macaws are recognized for the Neotropics, most of them found in South America
(http://www.iucnredlist.org/by; consulted May 32015) ThelUCNRed List categorizes the scarlet macawa(
macao as Least Concerned due to its broad geographic distribution in the Neotropics (Mexico to the east of the
Andes in Colombia, Ecuador, Peru, Bolivia, Brazil, French Guiana, Guyana, Siliringtad, and Tobago and
Venezuela), butlassifiespopulations as decreasing. Two subspecies are distinguished in Mesoaniedca:
macao cyanopterafound from Mexico to central Nicaragua afith macaanacaq from southern Nicaragua to
South America. Theonservation status oh. macao cyanopteris dire in its indigenous range. For example, this
macaw is regionally extinct in El Salvador and occurs in very low numbers in Mexicoaafevitocalities in
Guatemala, Belize, Honduras and Nicarg@ldllegal traffic, habitat loss and hunting have resulted in the local
and regional extinction of this macaw within its historical ranges Jipecies is listed on Appendix | of CITES
becaussit is threatened with extinctiomue to illegal traffic).

In Mexico, the scarlet macaw historically occurred from southern Tamaulipas through the lowlands of the states
of Veracruz, Tabasco, Campeche, Oaxaca and Chigpasifrently illegal traffic, hunting and habitat loss have
reducedits range in Mexicby 98% 8]. Only about 15200 scarlet macaws exist in the southern Lacandon forest

in the state ofChiapas, clost the border with Guatemala, and about 50 individuals apparently occur in the
Chimalapas mountain region shared by the states of Oaxaca and Chgpdhis macaw is classified as
GgRIY3ISNBRe o0& (KS grifoFthe@dverimers of Mexibd. \R¥cEny siudiés hate shown

that the scarlet macaw population in the Usumacinta River Basin shared by Mexico, Guatemala amndiBatize

of only about 400 breeding individualdq,11].
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Such concern led to the design and implementation of a reintroduction program for the scarlet macaw in the
region of Palenque, Chiapas, in southeast Mexico, where this macaw had been extinct for 70%/a8isThis
initiative brought together three institutions: Aluxes Ecopark of Palenque (Allnegsafter, provider of the
release sitg Xcaret Ecopark (donor of captive bred scarlet maganwd the Institute of Biology of the National
Autonomous University faviexico (provider of the scientifislanning, execution and follow up for thgoject)

[13]. The release program followed a soflease protocqlwhichincluded pre and post release monitoriagd
postrelease food provisionindBetween March of 2013 and June of 2014c8ptive bredadult scarlet macaws
were released in the forest of Aluxes, located near Palenque National Bhig. ).

This paper documents the use wfld foodsand range usdor the rainy seasonrmonths of June to November
2014bythe reintroducedpopulation of scarlet macaws the protected rainforesof Aluxesandin adjacent land
in PalenquesoutheastMexico.We assumed that one keyeasure of adaptation to the wild bifie captivebred
scarlet macawseleased in Palenqueould betheir capacity to discover and uséld foodsto satisfy metabolic
and nutritional requirementsand that this would be accompanied by expansion of their rangwithin and
beyond the release siteAn additionalquestion framed by our studwasto what extent thecaptive bred
reintroducedmacawswould developa dietarydiversity andbreadth similar to those observed in wistarlet
macaws

Methods

Study site

Implementation of he reintroduction projecbeganin April 2013 with a first release of macaws in the forested
grounds of Aluxes, a rescue and rehabilitation center for wildlifé30'10.9"N; 92°1'4.3"W).he land of Aluxes
encompassesa44ha with extensive forest cover, several lagoons and aBoaimnsisting of seasonally flooded
wetlands. The site is only about 0.5 km from the forest that extends toward Palenque Nationatd&@h&00
ha; Fig. L)which weexpect that the reintroduced macaws will eventually add to their range
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Released population

All scarlet macaws releas were captive bred at Xcarelt4] and were dividednto groups for a scheduled set of

sequential releasedBetween March of 2013 and June of 2014, 96 adult scarlet macaws were released in six

releashg events (April, June, Augusmtd December2013; March andlune2014) in the forest of Aluxdd3].

Mean age of individuals #lte time of release was 35#17.7 months; range XB6 months (only two individuals

were 11 months old and only two individuals wer80 monthsold). Thirty five percent of the released macaws

consisted of individuals between 11 and 24 months of age, 43% between 25 and 48 months of age and 22% were

> 48 mmths. The released population consisted of 56 females and 40 nflesintroducedmacaws had a

subcutaneous microchip and a numbered leg band. In addition, each individual had an external mark painted on

the beak or tail feathers. Such external markstéal about 60 days (seed]). All aspects of pre and poestlease

soft protocols complied withregulations and ethics of the government of Mexico.

Overall mortality of macaws since the first release was restricted to nine of 96 individuals released. These events
occurred between May 2013 and September 2014. The cadaver in all nine cases of death was recovered. Causes
of death were crocodile predatio(@ cases; individual macaws falling into a lagoon), newly released macaws
hitting branches while flying (3 cases) and unknown (2 cases). Necropsies conducted on the cadavers by the
veterinary staff at Aluxes indicated as causes of death, physical trandrarkknown. The latter due to the high

degree of decomposition of the body. No additional mortalities have been detected between October 2014 and
May 2015.

Prerelease dieend NBIB f A & & (N2 2AR/E vy 3

In Xcaret, the macaws were fed a diinsisting of soft commercial fruits such as bananas, papaya, and others,
boiled and broken corn, parrot food pellets and corrugbmixed with bests and other vegetabled4]. This diet

was continued whilenacaws weren the aviary at the release site, twith two important changes: (1) corn was
replaced by sunflower seedbi¢lianthus annuusAsteraceag and (2) veekly offering ofwild foods Sunflower
seeds aregich inenergy (580 kcal/100g dry weight), protein and vitagg@ind contain many trace metalsalcium,
potassium and sodium, among other£0], and, importantly, are not grown in the aré&/ild foodsconsisted of
fruits of tree species consumed by scarlet macaws in the wild in Belize and northern Gud&jireatd present

in the forest of Aluxess well asn Palenque National Park and surrounding forested aré@a®e species used
were Ficus insipidaand Ficus benjamingMoraceae),Brosimum alicastrum(Moraceae),Cecropia peltata
(Urticaceae)Spondias mombifAnacardiaceaeknterolobium cyclocaum (Fabaceae) an@Guazuma ulmifolia
(Malvaceae)We offeredwild foodsto the macawsn each flock¢3 times a week in the form of small branches
pruned from large trees. We expected the offering of branches fsitits, wouldmotivate the macaws to learn

not only to recognize the fruits, but also to learn how to harvest them, as different plants offer fruits in different
ways fttp://www.theplantlist.org/). Training lasted from@ months,a timeduring which they were in the pre
release aviaries.

t 2IBE SFAS F22R LINRPGAAA2YyAY3

After release, a daily ration of 50g of sunflower seeds per macaw (about 5.8kcal/g) and water was oféered in
single 6m x 3m feedinglatform locatedin the release cagelhe upper gates of the cage where the feeding
platform was located remained open 24hrs a day [134If of the ration was provided in the early morningg7

am) and the other half in the late afternoon @n). The ration osunflowerseeds per macaw wasstimated

from published information on caloric requirement$ macaws in freeranging conditions15]; requirement
based on BW", 200;250kcal/day) Because thededing platform locatedn the release cagwasadjacent to

the pre-release cageit promoted familiarity between the released flocked flocks waiting for releasd 3.
Postrelease food provisioning was implemented with each of the six scarlet mmekgreleased toencourage

a gradual adaptation to the wildy promotingsite fidelity of released birds, increased social interactions, and
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enhancedntegration of subsequently released flodksl3]. There are no plans to suspend or gradually reduced
food supplementationas a measure to ensure the survival of the macaws

Observations of feedinand rangingoehavior

We conducted irregular observations time useof wild foods and ranging after the release of the first and of
subsequently released flockdowever, due to time and personnel constraints and to the negarépare each
flock for its releas§l3], we decided to wait until after the release of the last flock to run a systematic monitoring
of the use of wild foods and rafgg behavior Our observatiogthus reflect the gains made by the six flocks in
adopting wild foods and in expanding their rangéthin and beyond the release sijtap to the end of the study
period reported here

All surveys and observations reported here were carried ouhbyirst authorand one field assistant. Between
Junel5th andNovemberl5th, 2014, we spent fivdays a week surveying the presence and feeding activities of
macaws along a network of walkways and traiishe release site. Two of these survey routes traversed the
forested areas of Aluxes, except a permanently dled area(ca 7ha; Fig. 2)and one ran along the entire
perimeter of the land (routes 1, 2 and 3; R)g These routes had a total accumulated length of 6kowards

the middle of the study period, we added seven additional routes, when we observed miigiags forested
areas outside DAluxes to use food resourc€Big. 3. The additional routes had an accumulated length of
12.1km All routes were walked at a speed of 1km/hr. Surveys were conducted from@II00 am and from
4:00 pmto 6:30 pmbetween June and August and from 7:@011.00 am and from 3:30 t:30 pm from
September to November, to adjuBor differences in thdength of the day in these two time blocks. We made
additionalincidentalobservations in norsurvey days when we traveed some of the routes. We used survey
routes to access as much area as possible within the grounds of the releaaadsigljacent areasVhen we
detectedmacaws along the routes by sound or sight, the observers moved into the forest to readb¢haton.

We used 10 x 42 binoculars for observations.
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Fig. 2. Left, routes @3 (red,aquamaring yellow lines) in the grounds of Aluxes EcoparkP@K). Broken light blue polygon withithe
yellow routeis a flooded area. Right, routes outside of the release sitel@, blue, crimson, yellow, gra, orange, green and pink lings
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Once withthe macaws,we recordeda GPSwvaypoint andproceeded to runan instantaneous scan sampling
noting the number of individuals presemnd their activities. Wo major activitieswere recorded:feeding
(manipulation and ingestion of plant part)d nonfeeding(perching,social interactionslocomotion along tree
branchesshort flights between tes,and beak manipulation of dry branch sticks and leaves without evidence
of ingestion. If a feeding bout was observed, we noted the number of macaws involved in thigyadtie plant
life form, the plant parts consumedé¢edsyipe and unripe fruityoung or mature leaves, shoots, stems, flowers
andtree bark)and the taxonomic identity of the planie defined dgeedingbout followingRenton[16], as one
or more macaws feeding on a food sourtiethe macaws shifted to another food source during thexiod of
observation, we consideretthis as a second feeding boutd17]. This method does not provide independence
between foraging events recorded sequentially, but it emphasizes the diversity of¢emamed by birdslLp].
¢ KS OF (: $32 NB to tecoBISAR macawdl &G only the seed andhi recordsof macaws eating
dSSR& YAESR 4AGK Lz LI ¢ KS OF (S Ishelldr bothTiNddzaling ¢he degdO t dzR ¢

At the end of each feeding bout, we collected samples and took photographs of food items and of thltree.
trees used by the macaws as a source of food w&RSocated and marked with a numbered tag, thBBH
measured and their height estimated. Whike were able to identify sever#éitee species in the field, others
required collecting herbarium specimens. A plant taxonomist at the National Herbarium of Mexico in Mexico City
identified these samples.

We used ArcGIS® 10.2 E&Rpb:(/www.esri.com) to plot the GPSecords of trees used as a source of food by
the macaws onto a Google Earth satellite ima&jso, usindA\rcGI®) a grid consisting of 1ha cell was overlaid on
the image and the feeding trees found within the cells were coung&eth grid Bcompasses an area about
190ha in sizeand had as iterigin the geographic location of the release cage.

Data analysis

We calculated monthly dietary species richness from feeding records and estimated the number of potential
species richness in the diet usitige software Estimate@sersion 9.1.0J19,20]. We used the JACK1 estimator
from Estimate$19], considered an accate predictor of species richnes&l]. This estimator has been used in
other studies documentinghe diet species richneds several species of parrots, including maca24.[To
estimatethe degree of uncertainty with predicted species richness,usedthe Abundancebased Coverage
Estimator (ACE2B,24]) and the coverage sample was estimated in iNendtne [23,25].

In order to test ifthe recurrent useof specific tree species in the diet of the macaws was due to their temporal
proximity, we usedthe Mantel test P6] to test the correlation between beta diversity and the temporal distance
between monthsWe used Rank Abundance Curves, givernhe number of trees used per species, to assess
relative dominance of tree species in the monthly diet of macawsthis curve, species are plotted for the six
sampling months from the most abundant (left) to the least abundant (right) alongXileis and the
proportional abundance atuy theYaxis P7]. To determine the breadth of th¥ | O | die&ifé the study period,

we used the standardized Le@miche breadth index. Values closeOtindicate a specialized diet and values
close tol indicate a broad diet48]. We calculated the Morisitindex of dispersiorj29] to determine if the
spatial distribution of trees used by the macaws as a source of food presented a uniform or a clumped pattern.
If the value of théndex falls betweei® to 1, it suggests uniform distribution andfiit falls between 1 and n, it
suggests a clumped patterfihe deviation from random expectatiavastested using critical values of the €hi
squared distribution witm-1 degrees of freedom30]. Means and standard deviations are expresseghaantsd
throughout.
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Vegetation survey
To estimate the relative dominance of tree species used by the macaws as a source of food in the tree
community, we sampled the tree vegetation using 10 @mé} located50 x 2m transects3]] in the foresed
area of the release site, avoiding the flooded area Tha; Fig.2). This procedure is logistically simple to
implement and it is a standard method usedrldwide for sampling vegetation in tropical forests, as it allows
for comparable units and the resulting data is an accurate statistical representation of the structure and
composition of the ggetation of the surveyed are&], 32]. Within each transect, we identified and measured
Fff GNBSa 6AGK I 5.1 APlantaxononisyAlvary/Gampos MSS8pindnk NaticRaF 0 )
Autonomous University of Mexicand expert in the flora of tropical rainforestassisted intlte census of the
vegetation and provided the taxonomic identification of each tieehe field or via herbarium sampleBrom
the transect datawe quantified species richness, density, and basal area for all tree species. For each tree species
in the suvey,we calculated an importance value index (IVI). The IVI is an indicator of the species importance in
the tree communityand is calculated by the sum of the species density (number of individuals of species x / area
sampled), frequency (number of transects in which species x occurs / total number of transects) and dominance
(total basal area of the species in the samplegladrThe highethe value of the 1VI, the higher the importance
of species in the tree communif33].

Range estimate

We do notreport the areaof habitatused by the macaws as a home range estimate, but rathartatal range
estimatefor the duration of the sampling period34]. We estimated étal range use by the macaws by recording

the geoposition of the central mass of each stationary flock intercepted along the survey routes. The GPS location
data were transferred and plotted onthe gridded (1haells) digital map of theelease siteand of areas beyond
usingArcGI® 10.2The number otellsin which macaws were preseduring the surveyprovided a general
assessment ahe sizeand shape distributionf the rangeused ineach monthand for the entirestudy period.

Habitat use estimate

We estimated overall and monthlyabitat useby combining records fdieedingand non-feedingactivities in
each of the cells iwhich macaws were presentVe made he same estimate separately flaeding records. W
calculated mtensity of use of eachellfor each month ashe percentage of recordsontributed by each cell to
the total foraging records scored for all ceBaised on thg@roportionaldistribution of records we classifiedtell
useby the released macawiato three categoriesheavyuse (>1%% records), moderatase (>5<15% records)
and lightuse (<36). We usedArcGIS® 10.® illustrate range and habitat use by the macawsing these
categories

RESULTS

Sampling effort achieved

During the study period, we completed 262 survey sessions, of which 91% were on the grounds of the release
site foutes 13; Table 1) The sampling effortesulted in an accumulation &,087records ofthe presenceof

macaws along surveyed routes, but 96%these were on the three principal routes in the grounds of Aluxes.

We recorded?83feeding bouts, 82%gged in the three main survey routes (TableThe value othe coverage
samplewas 0.9217that is, our coverage sample was 92%
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Table 1. Sampling effort completed during the study period.

Field Length (km) Cumulative Sessions Sessions Total Feeding Talfel
Routes . records

hours  of routes km am pm sessions  records
1¢3 436 6 408 147 92 239 233 2,012
4¢10 66 12 43 15 8 23 13 26
Incidental 7 37 49
Total 502 18 451 162 100 262 283 2,087
Routeslq3 as % of total 87 91 92 91 82 96

Plant taxa use@nd niche breadth index

Trees were thenly plant life formrecordedin the diet of macaws during the study period. The macaws used
140 trees as a source of foo@heserepresentd 31 species ofl9 families (Appendix 1). Fiveplant families
accounted for55% of the tree species recorddd the macawQdiet (Fig. 3). Of these, the Fabaceasnd
Malvaceaestand out with32% of the tree species followed by the Anacardia¢c&aginaceaand Myrtaceae

(Fig.3). Five of the 31 tree species used as a source of food by macaws weraatiom species. These were
Tectona gradis (Lamiaceae),Terminalia catappa(Combretaceae)Eucalyptus robustgMyrtaceae), Ficus
benjamina(Moraceae) andanthoxylum panameng®&utaceae) These species accounted for 8.5% of feeding
records and for 8.6 % of the trees used as a source food (Appendix 1). Mean monthly dietary niche breadth index
6401 yRFNRAT SR [SOAYyQa AYRSEO F2N (KS & dzR& 0.B8INA 2 R
August, indicating a narrow dietary breaditiean DBHand heightof trees used by the macaws as a source of
foodwere 45.3t43.2cm (range €298cm)and12.8t5.9 m (range 835m), respectively
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Predicteddietary speciesichness and relative importance of tree species in the diet

Qurves for the three estimators of species richness showed steep species accumulation curves indicating, as
expected, incompleteness in our sampléowever it alsosuggestd that the scarlet macaws are expected to

add about 1@13 more tree specieis their diet (Fig. 4a)Mean nonthly predicted dietary species richness using

the Jackl estimator was 308E2.5 Mean nonthly Abundance Coverage Estimator (ACE) was 32.34 Five

tree species@ordia stenoclada, Muntingia calabura, Entorolobium cyclocarf®sidjum guajavand Cupania

glabra) were particularly important in th&" I O | died, &counting for 56.5% of feeding records (Appendix 1).
These species also accounted for 51.4% of the trees used as a source of food and were used by the macaws for
an averge of four months. In contrast, the macaws used the rest of the tree species as a food source for an
average of 1.7 months (Appendix 1). The relative dominance of tree species in the diet of macaws, given by the
number of trees used per species over thadst period, varied from month to month, with a subset of tree
species dominating their diet in each month (Fig. 4b). Number of feeding records and number of trees used per
species were correlateds@ 0.896 p€.001) and number of months species were used was associated with the
number of trees recorded {¢ 0.797 p<0.001).
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Fig. 4aPredicted species richness in the diet Fig.4b. Monthly abundance curves, given by the number of trees used p
using three estimators (see methods). species in the diet of scarlet macawSpecies code<C. steCordia

stenocladaM. cal:Muntingia calaburak. cyc Entorolobium cyclocarpum;
P.guaPsidium guajavandC. glaCupana glabra.

Plant partsconsumed

Consumption of seeds and fruit accounted for 70% of feeding recard283), butthe consumption oseeds
alone accounted for 56%ther food items (barkstems leavesjnsect gallsflowersand shootsaccounted for
the remaining 30% of the feeding records (Ta)leNineteen tree species were thel O | sbuéra@ of seedand
they accounted for 80% of the trees useda$ood sourceThe nacaws ate the bark and shoots of 14 and 12
tree species, respectively. These species contributed to about 14% of the trees used®)Table
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Table2. Plant parts and insect ga(lanked by number of feeding recorda)the diet of
scarlet macaws for #hperiod JunéNovember 2014.

Plgnt S Tt Feeding Cumulative Tree  Number ArE s
ITSEEs Gl records K % species of trees S Geliiine
consumed used

Seeds 159 56.2 56.2 19 112 6

Fruits 38 13.4 69.6 5 22 6

Bark 29 10.2 79.9 14 21 6

Stems 24 8.5 88.4 12 22 4

Leaves 10 35 91.9 5 9 5

Insect Galls 10 35 95.4 1 7 2

Flowers 8 2.8 98.2 7 8 4

Shoots 5 1.8 100 4 4 2
TOTAL 283

Monthly variationsand overlagn use of tree species as a source of food

The mean numbeof tree species used per month as a source of food by the mawans12+4.3 (range 619).
Mean number of trees used per month was 3118.5 (range 2249). The macaws added new tree species to
their diet at an average rate of five species per momonthly accumulation of new tree species in their diet
was associatedith monthly increments in the number of trees used as a source of fBed 0.972 p< 0.001).

Eight species of trees were used as a source of food¢5 months, 10 were used from¢2 months and the
remaining 13 for one monthAppendix }, indicating a recurrent use of selected sets of tree species as a source
of food from month to month.The macaws used three tree speci€3 gtenoclada M. calaburaand E
cyclocarpumas a source ofobd for five months. These three species also accounted for 49% of the trees used
as a source of foodhE140) and for 8% of the feeding records € 283). In the sixth month of the study period,
another four tree specieqCedrela odorataGuazumaulmifolia, Lueheaspeciosaand Picramnia antidesma
became predominant in their di€Appendix ). The Mantel test showed a lack of a correlation between the beta
diversity matrix and temporal distance matrix (p>0.05, whteeHo = matriarenot correlated, indicating that

the use of some species of trees between consecutive months was not due to temporal proximity.

Sze of foraging flocks

Sze of foraging flocks at feeding trees ranged from 1 to 35 individuals, but 92% of thewlme&smposedof

six or less individuals (Flg). Three tree speciefPachira aquatical. speciosaand G. ulmifolia) had the largest

flock size recorded in a single foraging event, 35, 31, and 21 individuals, respectively. However, these flock sizes
were only recorded once during the study periothree additional tree speciesC(pania glabraCordia
collococcandC stenocladg had foraging flocks ranging in size from 10 to 16 macaws.
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Fig.5. Size distribution
of scarlet macaw
foraging flocks at
feeding trees.
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Vegetation survey

We recorded 80 trees of 32 specigfsl 7 families in the vegetation survey. Thirteen of thexe species detected
in the surveys were species usedthg macaws for food. These included three of the eight top spdnideir
diet, C. stenocladgE. cyclocarpunand M. argentea(Appendix ). ThemeanIVI valueof the thirteen species
used for food by macaws was 0.184130 (range 0.03®.455). For the nineteen tree speciest recorded in

the macawsdiet, but which appeared in the vegetation census, for the study periodptban|VIiwas0.053
0.029 (range 0.033.148).

Spatial distribution of feeding trees

The trees used as a source of food by the madduving the study periodvere found in36 cells inthe release
area (Fig6a). Spatialanalysis of concentration dbod treesin the release areahowed thatc0%of the trees(n
=140)were found insevencells,sixof which were located within the grounds of the release §kig.6b). The
rest of the treedisplayed a more dispersed spatial patterns dowhtedin areaswithin Aluxes andeyond (Fig.
6b). Calculation of Morisi@ index showed thathe spatial distribution of trees used for feeding by the macaws
was clumped (iMor 1.63) and did not follow a random pattern?(123.31, df=35,p <0.001).
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Fig. 6a. Spatial
distribution of trees
(n = 140) used by the
scarlet macaws as a
source of food at the
release site during
the study period
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feeding platforms used for
post-release food provisioning.
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Total mngeand foraging rangestimates

Total range usefeeding and notieeding activitiespy the macaws for the study period wastimated at59ha
(Fig 7a). The neanmonthly area used by the macaws for feedargl nonfeeding activitiesvas 26.88.1ha and

it ranged from 16ha in June to 37ha in Jélppendix 2)¢ K S a 2 NJA Showdd at helspataistribution

of cells occupied by macaws during our study period was significelottyped(iMor = 6.89) and that did not
follow a random patterr(¢=8478.617 DF=58, p<0.001).The monthly range distributioshows that macaws
alsoshifted areas of activity antthis involved arexparsion of theirrangeoutside of the grounds ahe release
site. Range estimatedrom feedingrecordswas 36haor 61% of all cells used by the macafFgy 7b). Mean
monthly area used by the macaws for feeding was 42.2ha and it ranged from 11ha in June to 19ha in August
(Fig.7b; Appendix 3) TheMorisita@ indexindicatedthat the spatial distribution of cells occupied by macaws
duringthe study period waglumped (iMor =2.26)and that it did not follow a random pattern§=389.2968,

df =35, p<0.001).The monthly fedingrangeshows thatthe macaws expanded their foraging range outside the
grounds of the release sifgig.7b, Appendix R Intensity of use (number feeding records) of habitat cells was
closely associatedith the number of food trees found in each ogll=0.816 p<0.00J).

Cumulative monthly range increase

Cumulative cell occupancy by macaws increased over the montis sfudy period (Fig. 7a). The macaws added

new cells to their habitatange at a rate of 9.3 cells per month. Addition of habitat cells over the months by the
scarlet macaws was positively associated=(0.940 p <0.0058)ith cumulative habitat cells esl for feeding,
suggesting that monthly range expansion was closely associated with the addition of new food trees and species
(Fig. 7b).
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Fig.7a. Total rangeused by thescarlet macawsdor the study Fig.7b. Total foraging range adcarlet macawsor the study

period, given by location of feeding and nefeeding activities period, given by the location of feeding records. Intensity of use

(see methods), during the study period. Cells are 1lha. Intensity indicated by the black to light gray shaded patterRed dot

use indicated by the black to light gray shaded patteBilack indicatesthe locationof release cageMonthly variation shown

representsheavy use (>15%gray moderate use(5¢15%)and in Appendix 3.

light gray light use(<5%) Red dot indicateghe location of release
cage.Monthly variation shown in Appendix 2.

Cumulative DBH of feeding trees and habitat cells

A few habitat cells contained the highest values of cumulative DBH of food Higgs.cells accounted for 52%

of the cumulative DBHANnother seven cells accounted for 27% and the remaining cells accounted for 21% (Fig.
8). Intensity of use of habitakeds for feeding was positively associated with the cumulative DBH of trees used
for feeding (s=0.781 p <0.001).
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Recurrent use dbodtrees

The macaws used 38od treesmore than onces a source of fooduring the study periodThesdreesbelonged
to 23 species.Notably, 54% ofsuchrecords were of tree®f the four topranking species in thediet (C.
stenocladaand M. calabura, Ecyclocarpumand P. guajavg, with the first two accounting for 40% afuch
records(Fig 8). Meannumber of months food trees wereusedby the macaws was 140.70 (range ¢4). Mean
number of timesindividual foodtrees wereused by the macaws more than oneas3.4+2.1 (range2¢14).
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Vochysia guatemalensis
Trichospermum galeotti

Spondias sp.

Spondias radlkoferi
Lonchocarpus guatemalensis
Eucalyptus rubusta
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Andira inermis

Terminalia catappa

Pachira aquatica

Micania argentea

Fig.8. Tree species uset
as a source of food by
scarlet macaws ranked
by the number of food
trees used more than
once during the study
period
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Discussion

Although our study did not encompass an annual cycle of monitoring the use of wild foods by the reintroduced
macaws and thus annual cyalelated seasonal changes in dietary preferences and range are unknown, it
nonetheless provided enough information segting an initial successful adaptation of the macaws to the wild.
Field observationshowed thatthe reintroducedscarlet macaws used 31 speciedreesas a source of ses,

fruit and other food itemsluring the study periodA subset of five tree spexrsdominatedtheir diet, by number

of trees usednumber of months usednd number of feeding record#t also showed that the macaws added an
average of five new tree species to their diet per month, a pattern paralleled by an overall addition of fead tre
Thereintroducedmacawsincreasel range area over the monthaf the study periodas they addedree species

to their dietandalso habitat areawhere they carried out nofieeding activities.

The reintroducedmacaws fedn five of seven tree species used for pedease food training. Two of thesé. (
cyclopcarpumand S. mombiiy, were the third and sixth highest ranking in their digdippendix ). Pre-release
food trainingmay haveacceleraed the process of discovery obgential food resources by the macaws in the
forest of therelease aregalthoughwe cannot ignorea serendipitousdetection of wild foodsfamiliar to the
macaws The most important plant families in the diet of trEntroducedmacaws in Palenque wefeabaceae,
Malvaceage Anacardaceae, Boragynaceae and Myrtace&pecies in these families have been reported as
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important in the diet of wildA. macaoin Manu National Park and Tambopaandamo Reserve ZoiePeru
[46] andin National Wildlife Refuge Qif35] andin Parque Nacional Piedras Blan§3€], both in Costa Rica.

Seeds and fruipulp were the predominant iterain the diet of thereintroducedscarlet macaws in Palenque.
Notably, theyalsousedother plant parts to their diet such as leavetems,shoots, flowers and barkndwere
also observed eating legfall larvae. Thisuggestghat the reintroducedmacaws identified plant parts suitable
as food to satisfy their metabolic and nutrient requirements. Such pattern of food use is tycariet macaws
in the wild and irreintroducedpopulations. For exampleesdswere the most important food item ithe diet
of wild scarlet macaws in Belize, but supplemented it with consumption of fruit, youngsteafis and leafall
larvae B7]. In Tambopata National Reserve in Peru, seeds and fruit pulp dominagediét of wild scarlet
macaws 22]. In a tropical forest of Costa Rica wild scarlet macaws fed on seeds, fruits, leaves, flowers and bark
[38]. Seeds and fruit pulp accounted for 78%d 10% of the diet, respectiveip reintroducedscarlet macaws
in the National Wildlife Refuge Curu, Costa Rica, but also complemented their diet eatinfldveers, leaves
and lichen B5]. Thereintroducedscarlet macaws in Palenque had an iteaseddiet as diverse as that of wild
scarlet macawswith seeds and fruits dominating their diet.

A study conducted in Manu NatiahPark and Tambopata, Peru, showed the¢ds consumed by 17 species of
parrots, includingA. macagtendedto be higher than other plant materials in protein and lipid content and lower

in fiber, and seem to contaiimportant levels of toxicityJ9]. The authors indicate that the ability deal with

food items rich in toxins may allow rainforesdivelling parpts to use a high diversity of plant species as a source

of food. Thistrait may have been advantageous in the success with whdenlet macawseintroducedin
Palenquédncorporateda wide array of trespeciego their diet While posirelease food prowioning helped the
macaws deal with metabolic costs while adapting to a-freging life, notably such provisioning consisted of
only sunflower seeds. Clearly, by gradually incorporating a suite of tree species to their diet and by consuming a
varied setof plant parts, the scarlet macaws seem to have been able to meet the higher energy demands of a
free-ranging life, while at the same time balancing their diet. The low mortality oféhdroducedpopulation

truly attests to their dietary success.

Thelow values of thevverall dietary niche breadth index (Le@inindex) for the study periofbr the macaws in
Palenque suggests a relatively narrow dietary niche breadth or a concentrated use of a few existing resources.
Low values of the index are consistent with reporte dietary niche breadth index values for 13 parrot species,
includingAra macag in Tambota Natioal Reserve, Peru. Here the index ranged from 0.24 to 0.60, with ten
species having an index < 0.50eamarrow dietary niche breadtt2p]. Low values of the index are also reported

for wild A. macao cyanoptermn BelizeRNE a S| a2y [ S dideywia®0.32 Anf@i216iMNtRelwitl K
season 37]. In areintroducedpopulation ofA. macack y / 230G+ wA OF X indeSMasOy 18 Q5. RA S
Predicted dietargpeciegichnessn the dietindicated that aboutlO¢13tree species could potentially be added

to the macawsdiet documented by our studyClearly reintroduced macawshould be adding new specias

they become more knowledgeabédoutwild foods such that the diversity of their diet is likely to increase over
time. Our data showed that the reintroduced macaaddedabout five new tree species to their diet per month

and that trees of many of these specigere highly dispersedThis suggests that they were probablging and
expanding a cognitive map regarditige spatial and temporal location of food resources in the release area,
such as has been reported in other birds [40], and it is possible that their foraging may have albad®tton
random exploratory movements resulting from trgeale foraging exp@nces [41]Bearing in mind the above

and the short duration of our study, it is likely that odata set is an underestimate ébod species that the
reintroduced macawsse as a source of food.
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The vegetation surveys showed thatee of the specieslominant in their diet C. stenoclada, E. cyclocarpum

and M. argenteg were highly dominant in the tree communit¥hefinding of trees of these speciely the

macawscould have been favored by their dominance in the landscape of the release area. Halvevewer

dominance of other tree species in their diet may have involved a greater effort by the macaws in finding

individual trees of eachSpatial analysis showed that food trees used by the macaws during the study period

were highly dispersed and thatbout haf of them were found outside the boundaries of the release site,

suggesting that thenacaws were quite capable of monitoritige location ofsources of foodvithin and beyond

the release siteThe macaws seem to prefer to spend time in areashefrelease site with concentratis of

large trees, as indicated by tinddBH. Such trees may not only provide them with mioed, butmay also be

more suitable as day roosting siteabkan smaller trees

It is likely that the presence of the fogatovisioning platform by the release cage may haweouraged the
macaws touseareas of the forest nearby artd forage upontreesnearthe feedingstation. This may explain
the concentration o#47% of the food trees recordeid the study periodwithin the area of the release site and
around the release cagdut notablyspatial analysis showed th#tte other 3% wasfound in areas beyond
the release site. A similar situation accrues to areas ofhthisitat usedfor non-feedingactivities gee Fig7).
Thus, it is clear that while the presence of the fgm@visioning platform was a factanfluencing ther
presence and activities ereasnearby,the macawsalso seem to have responded to changethimavailability
of food by shifting habitat areas to find food treasdalso selected areas where they conductezh-feeding
activities both at variable distances from théeseding platform This supports thegeneral notion that
anchoring the macaws, viaod provisioning, to the release site and its immedia@uld facilitate a gradual
and limited expansion of the range thus facilitating their adaptation to a-feagying life

While macaws were able to gather in large numbatrthe food provisioningeedingplatforms by the release
cageand at night roosting sites (>30 individuals; A. Estrada unpublistiatd) showed thaivhen harvestingvild
foods 92% of the foraging flocks consistecd individuals The capacity of large flocks to split up into smaller
flockswhen searchingor and harvestingvild foods together with their capacity to gather in large flockghie
dayandnight roosting sitesmay diminish food competition andhay alsoenhance sociablerance protection
from potential predatorsand information transmissiohetweenindividuals 42 43].

Longterm supplementary feedingeemdo be associated witthe successf reintroduction[44], as it promotes

site Udelity, improved survival antireeding siccess of rimtroducedparrots pP2]. Prerelease food training is
assumedo improve recognitin of food sources in the wile[g.,45,46], and ourresults seem to be consistent

with these assumptionrerelease food training andupplementaryfeeding may work together to enhance

the capacity of naive macaws to discover and wié foodsto sustain themselves. Thisay alsoresult inthe
discovery of additional food resources and safe roosting sites. In line with this concept, we assumed that the
release of six flocks of macaws, spaced ¢¥ @onthlong intervals between April 2013 and June 2014, would
create an information chaifsersu [47]) about food resourcesfrom flock to flock Our observations indicated

that flocks of macaws released in such sequence went through a relatively fast integration with members of
flocks released earlier (Bstrada unpublished), an aspeptobablyfacilitated by the design gfost-release food
provisioning Such design involvegositioningthe feeding platform forreleasel macaws right outside of the
pre-released cagfl 3].

Parrotshave significantly larger brains relative to body mass than roirels and this seems to be associated
with a higher learning capacity and behavioral flexibility in this gld@p49]. Neotropical parrots are known to
be highly adaptable, with single populations ranging across different types of habitats, stiiftinglietary
preferences according to the spatial and seasonal presence of resources, and readily adapiresémee of
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new foods B9]. They are highly social and social learning is an important comparfidheir life history traits
[43,50]. Recent gtdies suggest thathe innovation rateof avian habitat generalists is driven by their higher
propensity to eat new foods and are more successful than specialists in environmentsechbglihumans or in
environments in which they have beeaintroduced[50,5]. Behavioral flexibility enables animals to react to
changes in the environmeasind it is mediated by learning2-54]. Before release, the macaws in Palenque were
naive about the habitat and potential food resources available to them in the Wiédr success in discovering
and locatingwild foodswas probably a combinationf neophilia, neophobia, accumulated social learning,
behavioral flexibilityand a high cognitive capaci®4]. Thus, eological generalisnijigh sociality and behavioral
innovation may have been key featugéacilitatingthe observed shorterm success ahe reintroducedscarlet
macawsin adbptingwild foodsin Pdenque(Fig.9).

Fig. 9. Reintroduced scarlet macaws feeding on (a) seeds and pulfpafiastenoclada (b)
flowers of Luehea speciosdc) seeds and pulp d¢?sidium guajava(d) leaves oPachira
aquatica. Photos byAngela Maria Amaya Villarreal.

Implications for conservation

The ability of the reintroduced scarlet macaws in Palenque to successfully find and track food resources, as
shown by our study, is an important aspect for consideration as an indicasbodfterm reintroduction success.
It is clear that vithout signifcant training or wild birds to model, tlse birdsinvestigated, sampled, and clearly
developed foraging skills and a dietary breadth that is rapidly approaching that afhaddws Reintroduction
success in parrots has been proposedimst-year survivab50% and released birds breeding wittmspecifics
[4]. In Palenque, survivalf 96 reintroduced macawss 91%in May 2015 two years after the first release
Moreover,the observation ofiine nesting events betweeAugust2014andMarch 2015two in artificial nests
andsevenin natural cavitiesA. Estrada, unpublished)nd a successfulise of wild foods, clearlgighlightsthe
initial success of adaptation to the wild by the captive bred ame The short-term success reported here wa
probably due to themplementation of a softrelease protocol involving preeleasewild foodtraininganddaily
postrelease food provisioninfl3]. Contributing to thisnay have beethe release of flocks atlativelyshort
time intervals(2¢3 months)to promote social integration andiffusionchain learning47].
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