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EXECUTIVE SUMMARY

The factors limiting populations of Neotropical migrariee becoming increasingly well
understood and they may act both on the breeding andreediy (wintering) grounds
(Holmes 2007). Theoretical work and a growing body of engiwvidence indicate that
mortality during migration also has an important role papulation regulation/declines
(Weberet al 1999; Sillett & Holmes 2002; Newton 2006). Currently the m@ratroutes,
strategies and stopover sites used by Neotropical migrantsde of North America are
poorly known and to ensure protection throughout the aroyedd, sites key to migratory
success must be identified. These are likely to coineitle quality wintering habitat, as prior
to spring migration migrants are expected to accumulakfuwél reserves at these sites.

Lying on a major flyway for migrants from the easteand boreal regions of N.
America and being situated close to the main arrivel @egparture points for birds crossing
the Gulf of Mexico, Belize is expected to provide resesrto a range of species both during
migration and winter. To examine how migrants usereggon, we focused on an ecosystem
matrix in north-east Belize that has been proposednfdusion in a biological corridor. The
study was aimed at increasing our understanding of hab@aitse and migratory strategies in
Central America, whilst also generating data that fesa into the process of prioritising
areas/habitats for inclusion in the biological corrido

Methods

The study was carried out entirely in the Corozal distof Belize and two methods were
used to study site/habitat use and stopover behaviour duigmgtion: 1) Mist netting was
carried out daily between Sept?’2 Nov 3% 2007 (autumn) and between™Karch — 14
May 2008 (spring); 2) 500 m transects were walked nearly aaityry forest’ and on three
separate occasions in ‘moist forest’ in each mignaperiod. During the ‘winter’, over 160
500 m transects were completed in five habitats: 1) Bidakgrove; 2) semi-deciduous (dry)
tropical forest (TF) (low variant); 3) semi-deciduous (high variant); 3) evergreen broadleaf
TF; 4) Milpa intermixed with habitat 2; 5) mangrove saxan Density estimates by habitat
for the commonest species were estimated using the prddsdance.

Results & Discussion: Autumn & Spring Migration

Sixty-three species of Neotropical migratory landbirdsrevrecorded during autumn and
estimates for the whole corridor suggest that 14-20 miliiedividuals passed through.
During spring less species were recorded (53) and an estid&@anillion individuals passed
through. Species of concern recorded incluékedtonotaria citrea (abundant during both
migration periods), Empidonax traillii (abundant in autumn), and small numbers of
Hylocichla mustelina Dendroica castaneaOporornis formosusand Wilsonia canadensis
(autumn only). In addition, the near-threaten&mivora chrysopterg3 autumn, 1 spring),
Contopus cooperi(l autumn) andPasserina ciris(1 spring) were recorded. In general
migrants showed a preference for forested and mangrowgatisawhilst avoiding open
habitats such as savanna — forest clearance in stoameaes is therefore expected to have an
adverse effect on migratory success.

Migration strategies varied both within and between isgeand more markedly
between autumn and spring. Autumn migration was more pradotinge spring, with 75% of
birds captured in over 2.5 weeks either side of the peak eagéyrin the former versus just
one week in the latter. The body mass of birds agiwinNE Belize combined with their fat
score acts as an indicator of fuel reserves and subgesfogrover behaviour. In autumn,
transient species generally had a continuum of fuelvesararying from none to moderate
levels, although in some species, eEmpidonax traillii fuel reserves were minimal
throughout the population. In contrast, transient speiespring arrived with large to



moderate reserves and only two speciésndroica petechiaand Dendroica magnolia
displayed fuelling behaviour combined with a high abundahhese findings suggest that in
autumn, birds arriving to the Yucatan from N. Americasdowith varying levels of fuel after
the long Gulf crossing, such that the point at whicly tehaust their reserves and need to
refuel occurs either further north on the Yucatan, wat study site or further south still. In
spring, the moderate to large reserves carried by mesies suggest that areas south of NE
Belize had been utilised to accumulate fuel and that tilndy sarea was only used to rest
between successive nocturnal flights. Indeed, flight racegjeulations indicate that spring
birds could cross the Gulf of Mexico before needing foale

Whilst NE Belize and the wider Yucatan region appearsptovide important
resources to many migratory species needing to replémeshreserves having crossed the
Gulf of Mexico in autumn, the fuel to make the reversarpey in spring is generally
accumulated elsewhere. It is therefore crucial to ifjetiese spring stopover areas whilst
also ensuring the protection of a network of sitesughout the wider Yucatan region that
meet the needs of migrants stopping over in autumn — tysrequire carrying out a wider
reaching assessment of stopover sites and extendicgritemt protected area system.

Over-wintering Migrants in NE Belize

We recorded 23 species of landbird migrants wintering inBglize at an average detection
rate of migrants vs. residents of 43%. Habitat use ansispance varied highly between
species during early, mid and late winter. Black mangrtesved the highest proportion of
migrant to resident birds (62.4%) and had by far the higtiessity of migrants per Km
Persistence, however, was not high in Black Mangratie most species declining in number
during the winter, presumably in response to reduced resowite the progression of the
dry season. The variation in habitat preference batvgpecies and inter-habitat movements
recorded here, demonstrate that no one single halmtés @wn can provide the optimum
resources for migrants. Instead, a matrix of conneaabitats appears necessary to maximise
overwinter survival in a range of species. Initiatitesprotect non-breeding habitats must
therefore clearly define their conservation goalshasareas selected for protection need to be
carefully tailored to meet the varying needs of a sifigtal species or a wider group of
species. In the case of the existing protected ardansyis Belize, Black Mangrove is a
highly underrepresented habitat and given its importanceaiey of the migratory species
wintering in Belize, efforts to protect existing tractf mangrove should be initiated.

Education and training

During the course of this study a number of educationaiivéis resulted in over 60
individuals participating in various activities such asddranding demonstrations and bird
walks. Eleven students were involved in the productioa wfigration leaflet aimed at raising
awareness of the natural habitats around the villaggadeneja and the migrants using them
(see Appendix 2). A total of 30 individuals received bird bagdraining and the culmination
of the training initiative was the formation of théniversity of Belize bird banding group
through a ten day workshop and donation of equipment. The ggaypected to provide a
focal point for training in bird banding in Belize andcriease the capacity for detailed
ecological studies of Belize’s avifauna.

RESUMEN EJECUTIVO

Los factores que limitan las poblaciones de aves migaatdleotropicales han comenzado a
entenderse hace poco y es un hecho que actian tans®zemées reproductivas como en las



de invierno (Holmes 2007). Trabajos tedricos y un cuerpgoiamte de evidencia empirica
indican que la mortalidad durante la migracién tambiénetien papel importante en la
regulacion de poblaciones (Webet al 1999; Sillett & Holmes 2002; Newton 2006).
Actualmente las rutas de migracion, las estrategiassysitios de reabastecimiento o
“stopovers” que son utilizados por las aves migratoriasafuke Norte América, no se
conocen bien y para asegurar la proteccion de estas dwdargo de su ciclo anual, se deben
identificar los sitios claves para estos organismos. nitly probable que dichos sitios
coincidan con sitios de invierno de alta calidad ya quesaste la migracién de primavera las
aves deben acumular reserves energéticas vitalesosrigsres.

Ubicado en una ruta de migracion mayor de las aves e@etledtlorte América y cerca
de uno de los puntos de partida y llegada de las aves que efuzalfio de México, Belice
€S un pais que provee recursos a un rango de especies tante élmvierno como durante
migracion. Para examinar como las aves migratoridizantiesta regién, nos enfocamos en
una matriz de ecosistemas en el Nor-Este de Belicehajsilo propuesta para ser incluida en
un corredor biolégico. El estudio tuvo el objetivo de dboir a nuestro entendimiento sobre
uso de habitat y sobre las estrategias de migraciors @evds en Centro América, y, al mismo
tiempo, de generar datos que pueden servir en el procesocaigemsa prioritaria de
areas/habitats para inclusion en el corredor biolégico.

Metodos

El estudio se llevo a cabo en su totalidad en el disttéoCorozal en Belice y dos
metodologias principales se utilizaron para evaluar edesbabitat y el comportamiento de
“stopover” durante la migracion: 1) Capturas diarias cafesede niebla entre el 2 de
Septiembre y el 3 de Noviembre del 2007 (otofio) y del 17 deonarl4 de Mayo del 2008
(primavera); 2) Transectos de 500 m caminados casi diatiens@ ‘bosque seco’ y en tres
ocasiones, en ‘bosque humedo’ durante cada periodo de migrBeitante el invierno, mas
de 160 transectos de 500m se completaron en cinco habjkd¥sanglar Negro; 2) bosque
tropical (BT) seco semi-desiduo (variante baja); 3) Bmisdesiduo (variante alta); 3) BT
siempre verde de hojas anchas; 4) Milpa mezclada cabighh2; 5) Sabana con manglar. Se
hicieron estimados de densidad para las especies mas somiiizando el programa
DISTANCE.

Resultados & Discusion: Migracién de Otofio y Primavera

Sesenta y tres especies de aves migratorias Neotespieatestres fueron registradas durante
el otofio y el estimado para todo el corredor sugiere dgue &4 y 20 millones de individuos
pasan por el area. Durante la primavera se registraemosrespecies (53) y se estima que
entre 6 y 9 millones de individuos pasan en dicha migraddgunas especies de interés
registradas incluyeRrotonotaria citrea(abundante durante los dos periodos de migracion),
Empidonax traillii (abundante en otofio), y péquennos numerosiydecichla mustelina
Dendroica castangaDporornis formosuy de Wilsonia canadensiésolo en otofio). Ademas
se registro a la casi amenazadermivora chrysopterg3 en otofio, 1 en primavera), a
Contopus cooper{l en otofo) y &asserina ciris(1 en otoio). En general, las migratorias
mostraron preferencia por habitats de bosque y manglande areas mas abiertas como la
sabana — se espera por lo tanto que la deforestacioreas de parada en migracion tenga
efectos adversos sobre el éxito de estas aves.

Las estrategias de migracidon variaron dentro y enfpec&s y mas marcadamente
entre otofio y primavera. La migracion de otofio fue pnawngada que la de primavera en la
gue el 75% de las aves fueron capturadas en tan solo unsasamada lado del dia pico de
capturas vs 2.5 semanas en otofio. El peso corporal deesagjue llegan al NE de Belice
combinado con su nivel de grasa, es un indicador de Exwvassde combustible y por lo tanto
del comportamiento de ‘stopover’. En otofio, las espg@sajeras generalmente presentaron
un continuo de reservas energéticas variando de nivelles a moderados, aunque algunas



especies, eEmpidonax traillii presentaron niveles de reserves minimos en todalagam.
En contraste, la mayoria de especies pasajeras ernv@rikegaron con reservas grandes y
moderadas y solo dos especi@&endroica petechiay Dendroica magnolia mostraron
comportamiento de reabastecimiento combinado con tmalaindancia de individuos. Estos
hallazgos sugieren que, las aves que llegan a la peninsilacdgan desde N. América, lo
hacen con niveles variados de combustible luego de celizzolfo de México, de forma que
el punto en el que gastan sus reservas y necesitantegaioss ocurre un poco al norte del
Yucatan, en nuestra area de estudio o un poco al sur deeasia primavera, las reservas
moderadas y altas que llevan la mayoria de especies sgg&efray areas al sur de Belice que
han sido utilizadas para acumular combustible y que nuestadé estudio solo fue utilizada
como lugar de descanso entre vuelos nocturnos consecfierkamente nuestros célculos
de rango de vuelo indican que las aves pasando en primawinanporuzar el golfo de
México antes de tener que parar para reabastecersergeene

Mientras el NE de Belice y la region mas amplia del Yarcgarecen proveer recursos
importantes para muchas especies de aves migratorias apsitare reabastecerse de energia
luego de haber cruzado el Golfo de México en otofio, mbastible para hacer el viaje de
regreso en primavera parece ser acumulado en otras Rogds. tanto es crucial identificar
estos lugares de parada en la primavera al igual que aseganadudie proteccion de sitios
claves que las aves utilizan durante el otofio a trav&udatan — esto tendra que incluir una
investigacion mas amplia de lugares de parada y la extetsiéistema de areas protegidas
en la region.

Migratorias pasando el Invierno en el NE de Belice

Registramos 23 especies de aves migratorias terrestrgsagae el invierno en el NE de
Belice a una tasa de deteccién promedio de migratoriaesislentes de 43%. El uso de
habitat y la persistencia presento variacion alteeesgpecies durante el invierno temprano a
tardio. El Manglar Negro mostrd la proporcion mas altawks migratorias (62.4%) y tuvo
las densidades mas altas por Km2. Sin embargo, la pecs@astao fue alta en el Mangle
Negro ya que la mayoria de especies redujeron sus numéiraturante el invierno,
posiblemente en respuesta a una reduccion de recursobax@mee de la estacion seca. La
variacion en preferencia de habitat entre especies gnbvimientos entre habitats registrados
aqui, demuestran que ningun habitat solo puede proveer losagcaptimos para la
supervivencia de invierno. En cambio es factible que mma#riz conectada de habitats
naturales sea necesaria para maximizar el desempefnordagenamplio de aves migratorias
durante el invierno. Las iniciativas para proteger h&bino reproductivos deben definir
claramente los objetivos de conservacion, ya querdss &eleccionadas para proteccion seran
diferentes al cumplir los requisitos de una especie foda on grupo amplio de especies. En
el caso del sistema de areas protegidas en Belice, edatelmiciar esfuerzos para proteger
mas parches existentes de Manglar Negro.

Educacion y entrenamiento

Las iniciativas educativas de este estudio resultaranasnde 60 individuos participando de
actividades varias como demostraciones de anillamigatiminatas de observacién de aves.
11 estudiantes estuvieron involucrados en la produccion delante sobre migracién que
tuvo el objetivo de promover y aumentar el conocimiestdre los habitats y las aves
migratorias utilizandolos alrededor de la aldea de Sastéwnej Apendice 2). Un total de 30
personas recibieron entrenamiento en técnicas dé&naiaiito y la culminaciéon de la
iniciativa de entrenamiento fue la formacién del grupcadéamiento de la Universidad de
Belice por medio de un curso de 10 dias y la donacién de egBip@&spera que el grupo sea
un punto focal de entrenamiento de anillamiento en &gligue aumente la capacidad para el
desarrollo de estudios ecoldgicos de avifauna en la region.



CONTENTS

STUDY OBJIE C T IV E S ittt 7
CHAPTER 1-GENERALINTRODUCTION. oottt 8
CHAPTER 2-GENERAL RESEARCHMETHODS ......coiiiiiiiiines 17
| NTRODUGC T TIO N utiittiitiiieeeeeeiittiaeeeeeeetttnaaaeeeesttasaaeesstsaaeseesssnaaaeeesssnnaaeeeessnnnns 17
STUDY AREA, STUDY SITES & HABITAT DESCRIPTIONS ...cceevevnnnnn. 18
MIST=NETTING AND BIRD BANDING ...cceutuiiieetrirtuiiaeeeeerinneeereeeninaaaaeennnns 24
B SN ST = o TSP 25
D AT A A N A LY Sl Sttt e e ettt e e e e ettt a e et et e e e eeat e e eaaeattaaeeeeeannnaaaeees 27
CHAPTER 3-AUTUMN MIGRATION e 29
N T = e X o N U K o o K N PSP 29
1Y = e @ o PSP 30
=T U N e = PRSPPI 32
D S o2 U 33 1 @ 1 N PP 39
CHAPTER 4—-SPRING MIGRATION i 43
N T = e X o N U K o o K N PSP 43
1Y = e @ o PSP 43
=T U N = T PRSPPI 45
D S o2 U 33 1 @ 1 N PP 52
CHAPTER 5-OVER-WINTER HABITAT USE. .o, 56
N T = e X o N UK o o K N PSP 56
1Y = o @ o PSP 57
= T U N = PRI 61
D 1S CU S ST O Nttt ettt e et e et e et e e e e et e e e et e e e et e e e et e e e et e e e eann e aeennans 67
CHAPTER 6-SUMMARY OF RESEARCH FINDINGS............. 70
IMI TG R A T IO Notitiieeitii ettt e e ettt e ettt e e et e e et e e et e e e et e e et aa e e e e et s e e esa e e eeaanaeeennneeenes 70
WINTERINGMIGRANTSIN THE CORRIDOR . ciiititiieeiiiiieeeetiee et e et e eeain e 74
FUTURED IREC TION Siuttuiititiiiiiiiaaeetteitiiaaaeeeeestnasaesssssnaaseeeesssnnaaeseesssnnsaeesesssnnnns 74
CHAPTER 7—-EDUCATION & TRAINING . ..cccooiiiiiiiie e 77
N = o T U o 1@ 3 N PSP 7
1Y = @ 1 o S SRR 77
=3 U I TP 78
ACKNOWLEDGEMENT Sttt e e 83
BIBLIO GR AP H Y ettt a e e e e e e e aeees 83
APPENDIX 1- Neotropical migrant species recoetl during study ...................... 89
APPENDIX 2—Migration leaflet............cooeiiiiiii e 92
APPENDIX 3-Individuals participating in bird banding training........................ 93

Correspondence Dr. Nick Bayly — nick bayly@hotmail.cont Camila Gomez -
camilgomo@yahoo.co.uk

Citation: Bayly, N.J. & Gomez, C. (2008valuating a stepping stone for Neotropical
migratory birds — the Belizean north-east biological corridéinal Report to Belizean
Forestry Department, Belmopan, Belize (Nov 2008).



STUDY OBJECTIVES

Overall

Specific

To assess the importance of the NE Biological Corridddeotropical migratory
birds

Determine which species use the corridor whilst miggetto and from their North
American breeding grounds and non-breeding grounds southiné Bal their
habitat preferences

Determine the importance of the corridor as a stepporesn the migratory
journey by assessing whether migrants utilise thetaresfuel

Determine the importance of the corridor and its ciffeéhabitats to migrants
during the non-breeding season

Compile the resulting data so that it can be used tonmnétecisions regarding the
protection and management of the NE biological corridor

Organise educational visits to raise awareness abaitdygcal migrants

Train Belizean nationals in bird banding skills

Form partnerships with other organisations/studies tigpasg Neotropical
migrants in their non-breeding areas and investigatpdtential for data sharing



CHAPTER 1

GENERAL INTRODUCTION

Every year milions of birds make remarkable journeyten thousands of kilometres in
length, as they make their way to and from their breedrounds. To make these incredible
journeys and survive the periods in between, these migr&irds are dependant on many
different habitats that span not only countries butinents. It is this dependence on suitable
habitat both on their breeding and non-breeding groundsatatid many sites in between that
makes them both indicators of environmental healthaaglobal scale and also particularly
vulnerable - destruction of any one of these habitay result in population declines. For
this reason, efforts to conserve migratory birds ntosk beyond national boundaries and
seek international coalitions to ensure that thet&bmigratory birds utilise are protected
along the length of their journeys.

Many migratory species are already in decline and thialso true of Neotropical
migrants that breed in North America and winter in t€@d¢rand South America. Many of
these declines have been attributed in part to theudésin of tropical forest on the non-
breeding grounds, yet the majority of studies have focusetthe breeding grounds in North
America. Belize is a Central American country whitgspite its small size still contains large
areas of tropical forest and other key tropical haditand plays host to large populations of
migrants during both the non-breeding period and on passggessBssing the importance of
these habitats to Neotropical migrants, the projedilddtin this report aims to improve our
limited knowledge of Neotropical migrants on their noadating grounds and examine the
importance of natural habitats in north-east Beliretlie conservation of migratory birds.

Neotropical Migratory Birds

Neotropical migratory birds are a group of species the¢dm North America, principally in
the United States and Canada and spend the non-breedsogy/diath American winter in
the tropical and sub-tropical regions of Central Amertb@ Caribbean and South America
(see range example in Fig. 1.1). From here on ‘non-brgednd ‘winter’ shall be used
interchangeably to describe the period in which theggamts are not on their breeding
grounds. In total, around 230 species of landbird have bassed as Neotropical migrants
and there are many more migrants that favour aquatitatelfHagan 1992). At northerly
latitudes, migrants are a significant part of the avdauwiten comprising in excess of 70% of
the species in the bird community. In this respecty te a critical component of North
American ecosystems, playing a vital role in regulaimgect numbers, seed dispersal and
also as pollinators.

The role of Neotropical migrants in their non-bregdareas is no less significant,
with migratory species often comprising over 40% of thec®s present in a given habitat
(Inzunzaet al. 2005) and as we shall see from this study, they arentis¢ abundant birds in
certain habitats (see Chapter 5). It is also impotimmiote that whilst these migrants breed in
North America, this only comprises four to five monthf the annual cycle and thus seven to
eight months of the year, e.g. the majority, is spemton-breeding areas. As we shall see
below, there is increasing evidence that populationSledtropical migrants are limited by
events during the non-breeding season as much as duribgedting season.

The distribution of migrants on their North Americanedding grounds is well
described and migrants can be classed into three broagsgrothose that breed to the west
of the Rocky mountains along the Pacific seaboardgthuet breed to the east of the Rockies
on the eastern seaboard and those that breed inrde begion. The corresponding non-



Figure 1.1 Breeding range (shaded yellow) and ‘wintering’ range jbfethe Magnolia
Warbler, a common Neotropical migrant during the noredirgy season and on passage in
Belize. Range map adapted from Cursbal (1994).

breeding ranges broadly mirror those to the north, Witicific seaboard species wintering
along the Pacific slope of Mexico and Central Amereastern seaboard species wintering
throughout the Caribbean and along the Caribbean sloggeiatiral America, whilst many
boreal species winter in Northern South America. Thwates taken between these distant
breeding and wintering grounds are generally well describedbeoad scale but many details
are missing at a finer scale, especially on leavingtiNdmerica. As this study examines
species primarily from the eastern seaboard and bozgains of North America, we shall
focus on the routes taken by this group here. It is ilmpbtb note that routes are time of year
dependant and thus we will discuss autumn (post-breeding) ramtlespring (pre-breeding)
routes separately.

In autumn, southward bound migrants follow three maine®(Eig. 1.2). The first of
these converges on the Mississippi river valley andval it to the Gulf Coast (see also Fig.
1.1 in which the Mississippi and its tributaries can learty seen), from where birds make
the long crossing over the Gulf of Mexico to the YunaReninsula and then filter down to
non-breeding areas in Central and South America. Thet ewute taken through Central
America by these migrants is not clear. The seconderdakes birds down the eastern
seaboard to Florida from where they make their wayitbering areas in the Caribbean or all
the way across the Caribbean to South America. iflérbute takes birds directly from the
eastern seaboard on a staggering long haul flight adnesatlantic and Caribbean to South
America.

In spring, the main routes are not so well describegienheless, two main routes
stand out. The first involves birds following the CahtAmerican and Mexican mainland all
the way to North America, thereby avoiding crossing thulf of Mexico. The second,
appears to hug the Caribbean coast of Central Ameeiftadobcutting across the base of the
Yucatan peninsula and crossing the Gulf of Mexico to ntakeéfall in northern Mexico and
Texas.



Figure 1.2 Main migration routes of migratory landbirds breedingastern North America.
In autumn (white arrows) three main routes are folbweith the principal route following
the Mississippi river valley to the Gulf Coast and theeross the Gulf to the Yucatan
peninsula. In spring (red arrow), birds tend to take a rmuate easterly route across the Gulf
of Mexico.

Whilst these routes may be fairly well described, sibes used are not, especially outside of
North America. These sites play a critical functiarthe journeys of migratory birds, as they
allow birds to store the energy/fuel needed to completi journeys. These sites have been
termed ‘stopovers’ and a typical migratory bird may mdidked or more stops at such sites in
order to complete their migration. Destruction of ang of these stopover areas can result in
the failure of birds to complete their migration (Welstral 1999), especially stopovers
which are used to gain fuel prior to the crossing ofated ecological barriers, such as the
Gulf of Mexico where stopping to refuel is not an optitgtentifying and protecting the main
stopover sites utilised by landbirds migrating betweentsantl North America, a journey of
over 2500 km, is crucial if we are to effectively conselNeotropical migrants. Despite
impressive and wide reaching international efforts tdeustand and conserve migratory birds
by coalitions such as Partners in Flight, the stopbieogy of many Neotropical migrants is
poorly known and considerable effort is required to filstknowledge gap (Parker 1994;
Mehimanet al. 2005).

The populations of many Neotropical migrants are largeveidely distributed and thus one
may ask as to why conservation efforts should be facwsethis group. Indeed, whilst a
number of species have shown drastic declines, maniesgeve not declined at all or have
only shown population reductions that would be consideratinvthe realms of natural
fluctuations. There are clear notes of caution, howestech as the gradual but persistent
decline of ‘common’ and widespread species like the AmeriRedstart (see Fig. 1.3).
Further, following the vision of Partners in Flighta- hemispheric collaborative effort to
conserve Neotropical migrants - the reasoning behiodsing on Neotropical migrants is not
to reverse a disaster that has already occurred butetd @ disaster that could occur in the
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next 20-30 years (Hagan 1992). Whilst the exact implicatedngopical deforestation for
migrants are not clear yet, the predicted near wheleskarance of tropical forests
throughout Latin America in the next two to three desasdeuld undoubtedly have a severe
impact on migrant populations. In attempting to avert sudisaster, we would not only save
Neotropical migrants but all the other myriad specieg 8hare those habitats. In a way,
Neotropical migrants represent an umbrella group that amsidlt in the conservation of a
wide range of habitats at a scale that few other grofipsganisms would require.

Declines in Neotropical migrants have affected a wiglege of species but by no
means all and there is no overriding factor commoraltadeclining species. Indeed, the
reasons for decline tend to be individual to each spews®rtheless, there are some patterns
that emerge. For instance, those migrants that exelysise forested habitats in their non-
breeding areas in the Neotropics are more likely tavstheclines than those species adopting
open habitats (Robbiret al 1989). Also species that spend the non-breeding seaSmuih
America, particularly in the tropical Andes, appear nidedy to show declines (interpreted
from Saueret al 2008). Of the six Neotropical migrant landbirds thatcamesidered globally
threatened, five winter in forested habitats and thiaaes their core wintering range in South
America. Of 13 migrant landbirds on the 2007 American tcclvéist that are either on the
red list or the declining yellow list, 11 winter in feted habitats and nearly half winter
primarily in South America (Table 1.1).

For those species in decline and Neotropical migrantgemeral a variety of factors
have been identified as limiting to their populations I(k&s 2007). These include both
factors that act on birds during the breeding seasomm idorth America, and during the non-
breeding period. To fully understand the interplay of tHastors on population size, more
research is needed, however a number of studies on nspéeles have highlighted
mechanisms by which migratory populations may be reglldtet us begin with density
dependant effects on the breeding grounds. It is assumeifl deasity dependant population
effects act on the breeding grounds, then in some vesglimg habitat availability is limiting

Figure 1.3 Population index for the American Redst8gtophaga ruticillabetween 1966-
2007 throughout North America based on the American Bre&imgSurvey (BBS). Figure
created using data from Sawral. (2008).
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Table 1.1 Global status, population status, habitat preferendecare wintering range of
Neotropical migrants considered globally threatened othenAmerican to Watch list (Red
list and Yellow List species in decline). Global StatddI = Near-threatened; VU =
Vulnerable; EN = Endangered. Population Status (Butehat 2007): 3 = Highly variable or
unknown; 4 = Moderate population decrease averaging < -0.54%eg@eior possible large
decrease; 5 = Large population decrease averaging < -2.28%apelintering range: CA =
Central America; CAR = Caribbean; SA = South America

c ]
g9 2wge £
Q 2 g2 =9 =2
o8 S8 g9 23
Common Name Scientific Name on SRl £o S0
o a =
Olive-sided Flycatcher Contopus borealis NT 5  Forest SA
Willow Flycatcher Empidonax trailli 4  Forest CA & SA
Bicknell's Thrush Catharus bicknelli VU 3  Forest CAR
Wood Thrush Hylocichla mustelina 4  Forest CA & SA
Golden-winged Warbler Vermivora chrysoptera NT 5 Forest CA & SA
Golden-cheeked Warbler  Dendroica chrysoparia EN 5 Forest CA
Bay-breasted Warbler Dendroica castanea 5 Forest CA & SA
Cerulean Warbler Dendroica cerulea VU 5 Forest SA
Prairie Warbler Dendroica discolor 4  Open CAR
Prothonotary Warbler Protonotaria citrea 4  Forest CA & SA
Kentucky Warbler Oporornis formosus 4  Forest CA
Canada Warbler Wilsonia canadensis 4  Forest SA
Painted Bunting Passerina ciris NT 4  Open CA & CAR

the population. Sillett & Holmes (2005) showed that this wee case for the Black-throated
Blue Warbler, demonstrating that the number of young fiédgas negatively correlated to
adult density, as was the number of first years madesuited to the population in the
following year. Thus in theory, if the amount of azble breeding habitat decreases, adult
density will go up and overall fecundity will decrease.

For Black-throated Blue Warblers and other species ishisot the whole story.
Extensive work on Black-throated Blue Warblers and AcaeriRedstarts on Jamaica during
the non-breeding period revealed that both these sgeaeserritories, and that age and sex
ratios differed between habitats (Holmes 2007). Thestin@is indicate that resources are in
some way limiting and therefore worth defending. Indeedyette & Holmes (1995)
demonstrated that American Redstarts spent more timagifg and deployed a greater
variety of costly foraging techniques in Jamaica thasy tdid on their breeding grounds.
Further evidence has accumulated which indicates tharatiifes in resources between
habitats can actually affect survival, with higheregabf survival in American Redstarts in
moist broadleaf forest versus mangrove or dry scrulnédotet al. 2006). Again, the premise
here is that if high quality winter habitat is reduceentbhe use of lower quality habitats will
lead to reduced overwinter survival and population declines.

So we have seen that factors on both the non-lmgemihd breeding period can
regulate populations and to complicate matters furtheentegork shows that the impact of
one season can carry over to the next. With theeclase of stable isotopes, Noret al.
(2004) showed that Redstarts that spent the non-breediray periwetter’ habitats arrived
earlier on the breeding grounds, had earlier fledging datksilimately fledged more young
than birds wintering in drier habitats. Whilst the webinteractions that regulate migrant
populations is becoming increasingly complex, the importaassage is that changes in
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habitat availability/quality at any stage in the lifgycle can affect populations and
conservation efforts must tackle all stages.

One such stage that has received little attentiadate is during migration. Migratory
birds are vulnerable in many ways during migration beysintple resource availability.
Many Neotropical migrants make long journeys across rwataring which they may
encounter storms, which can in rare cases lead te magality (e.g. James 1956). Migrants
also make use of a wide range of sites during migrationifabidds experience a higher
predation risk at these unfamiliar sites it may alsmtrdoute to mortality. In fact, an
assessment of the mortality rates throughout the aroyatd of the Black-throated Blue
Warbler indicated that up to 85% of annual mortality ocamlirduring migration (Sillet &
Holmes 2002). This finding highlights the importance of urtdeing how the migratory
journey is organised and determining the location of stepsites that provide the majority
of energy for migration.

Neotropical Migrants in Central America and Belize

Central America is a diverse region and the wide rarigec@systems to which it plays host
are critical to Neotropical migratory birds during then+fiweeding period. Indeed, over 250
species of Neotropical migrants have been recorded mr&eAmerica and within Belize
they account for nearly 40% of the ~570 species recorddm ioountry (Jones 2003). Within
Central America three main groups of landbird migrants lba identified: 1) those that
typically winter on the Pacific coast and within thuntains that run along the spine of
much of the Central American landmass; 2) those thatewon the Caribbean coast; 3)
transient/passage migrants that only pass through Cémheica on their way to and from
South America. In Belize, the landbird migrants are dated by those occupying the
Caribbean slope that breed primarily in eastern Nartierica but Belize is also frequented
by many transient species from eastern North Amamchthe boreal region.

Belize may be small in size but it still contaiasge areas of intact wintering habitat
and many of Belize’'s forested habitats are protected. this reason it is important to
understand how the current protected area system ineBs#imes to protect Neotropical
migrants but also how unprotected areas and private laagisantribute to the conservation
of key habitats. Much of the work in Belize to date fasused on broadleaf forest, pine
savannah and citrus plantations in central and souBwize. A further body of work details
migrants on the Yucatan peninsula of Mexico and mayeshaeater similarities with the
work we undertook in north-east Belize. Many of thesmligs indicate that migrants will
adopt a broad range of habitats (Lynch 1989; Re¢tdl 1989; Piaskowsket al 2005) and
that they are distributed throughout different successiiagkes of forest (Lynch 1989; Smith
et al 2001). There are, however, species that show a graffitety to mature broadleaf
forest and whilst they appear to utilise successionaitdia to a certain degree, these are
expected to be sub-optimal habitats. These findings tedideat whilst mature forests are
important to migrants, a range of other habitats et not necessarily receive protection are
also important. Indeed, in several studies the greatgsamh diversity exists in areas where a
successional gradient existed (Petital 1989; Lynch 1989) and both Lynch (1989) and
Greenberg (1989) suggest that traditional Milpa agriculture b®yimportant for the
maintenance of migrant diversity in the Mexican Yuna@aninsula.

That many migrants occupy both disturbed and undisturbedatsabmust be
interpreted cautiously, for as we noted above survivgl difeer between habitats (Johnsen
al. 2006) and thus presence must not be taken as a sign tat lopfality. Further, Greenberg
(1989) found that arthropod diversity decreased to a gredemntewver winter in non-forested
habitats vs. forested habitats and that there wasssociated higher level of emigration of
migrants, indicating that non-forested habitats had veedocarrying capacity. Therefore,
whilst we have a good description of the habitats edli®y migrants in parts of Central
America, these do not necessarily indicate preferrdatdtaand more detailed work is
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required in a range of habitats throughout Central Ameticdully understand habitat
preferences and availability (Holmes 2007).

The habitats used by migrants in Belize and within @¢émmerica are not only
important to migrants during the non-breeding season lautalso crucial as birds make
preparations for the long journey north to their bregdimounds (in April-May). These
journeys require the storage of large amounts of energiyeirform of fat, which must be
derived from the resources in the habitats around thMare importantly still, there are many
migrants that winter to the south of Belize, e.g. aut® America, to which these forests may
be crucial stepping stones as they migrate north or dgbhudlugh Central America. In this
respect, Belize may play a vital role in enabling miggato refuel during so called
‘stopovers’, although to date no studies have examingubeto behaviour within Belize.
Indeed, information on areas used on stopover in Cefnalica is very scant and is largely
suggestive based on known migratory routes and obserdatata (e.g. Parker 1994;
Inzunzaet al 2005). For example the Yucatan is considered an impaatdnmn stopover
area for many migratory warblers after they havessed the Gulf of Mexico (e.g. Curseh
al. 1994), however, there is only one published study on dtabge there (Deppe &
Rotenberry 2008) and none on the magnitude of mass gains.isTta key area of
investigation if we are to fully understand the needsmigratory birds during the non-
breeding period.

The Belizean North-east Biological Corridor

Lying at the base of the Yucatan peninsula and hostingstl® intermediate in character
between the dry semi-deciduous forests of the Yucatanedtuni Greenberg (1989) and
Lynch (1989) and the moister evergreen forests of cemntichsouthern Belize studied by Petit
et al (1989), the north-east corner of Belize remains Ilgrgelaffected by agricultural
conversion and the progressive fragmentation of nahatatats that is occurring throughout
Central America. Currently much of this area remaingrotected and for this reason it was
highlighted as one of seven crucial areas for conservat a gap analysis carried out for the
Belize National Protected Areas System Plan (Meer&awilson 2005). The north-east
biological corridor (see Fig. 2.1) is one initiative tti@pes to address this situation, linking
existing protected areas with a combination of newgmted areas and private lands managed
in a form favourable to conservation. In any suchaiive it is crucial to first assess the
biological resources in the region and given the vamdtgcosystems that exist in the area
(Fig. 2.1), it is expected to be an important winteringadior Neotropical migrants. Further,
this region is situated on a major migratory flyway fords moving along the Caribbean
coast of Central America between non-breeding areathd south and breeding areas in
eastern North America. Consequently, the region nsy @lovide refuelling opportunities to
birds following this flyway, thereby serving as a keégpover. Determining which migratory
birds use this region and how, may be an important stigyeraging further protection of the
ecosystem matrix that exists within the proposed Nl gical corridor.

Project justification and aims

There is a growing body of information relating to thigratory species that spend the non-
breeding period in Belize and their habitat preferencésRiaskowsket al 2005). However,
there is currently little or no information that veeuld find detailing the importance of
Belizean habitats as stepping stones for migrantsotiiatpass through Belize on their way to
and from wintering areas to the south (e.g. South Amerindeed, there is a region wide
lack of information relating to site use, habitat usd the refuelling behaviour of Neotropical
migrants in Central America, with the majority offarmation pertaining to stopover
behaviour in North America (e.g. Morrt al 1996; Yong & Moore 1997). Filing this
knowledge gap is crucial, as Holmes (2007) states “eventgyduigration and especially the
quality of migratory stopover sites are important to rii@ntenance of long-distance migrant
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populations”. The quality of these migratory stopoverssiteparticularly important during
spring migration, as mortality at this time will hagedirect impact on the reproductive
potential of populations as a whole (Newton 2006). Thissjgecially true of Neotropical
migrants that pass through northern Central Americheaend of the dry season (April-May)
when resources are at their lowest (Greenberg 1989).

In this project, our primary aim was therefore to adsrdé® knowledge gap with
respect to the stopover behaviour of landbird migrant€emtral America by assessing
migrant use of the proposed North-east biological corriddelize during both autumn and
spring migration. North-east Belize was chosen fagghmain reasons:

A) Its strategic position on a major migratory flywamnd for its potential as a model for
stopover behaviour in the wider Yucatan context

B) Its mosaic of intact natural habitats with affes to both the Yucatan and the Selva
Maya bioregions

C) The aim of utilising the resulting information t@iease the protection of this region

The main goals with respect to describing stopover heinawere as follows:

1. Determine which species utilised NE Belize during autanthspring migration

2. Determine which of these species gained fuel in tbégion and which were
transients
Describe the length of stopovers and the extentebfjains
Examine habitat use by passage migrants
Use the results to draw inferences about the migratoategies of select migrants
and the potential location of other stopover sites.

abrow

The project had two further aims. The first of theses wo describe the ‘winter’ habitat use of
migrants within the north-east biological corridorthb®o increase our knowledge of habitat
use by migrants during the non-breeding season and to prawa®rting evidence for the
protection of the North-east biological corridor. Withhis aim existed a subset of goals as
follows:

Determine which species spend the non-breeding sealSi&Belize

Define the habitat preferences of these species

Determine whether the distribution of migrants biitlad changes between early and

late winter

4. Estimate densities by habitat for the commonegtants

5. Extrapolate over-wintering population estimates f@ phoposed biological corridor
using these estimates

6. Use the resulting data to support the protection dlithéh-east Biological corridor

wn e

The final aim of the project was to increase capamityrnithology in Belize and raise
awareness of migratory birds both throughout the cowrtdywithin the village of Sarteneja.
This aim contained a number of goals as follows:

1. Carry out field visits with pupils from schools in teaeja

2. Complete a project to create a ‘migration leaflett fistribution amongst the
community with a Sarteneja school

3. Maintain a website on Neotropical migrants in Beliz

4. Hold demonstrations at a ringing/banding station fardestits and conservation

professionals alike

Train interested Belizeans in bird banding skills

Carry out a full length ringing course in Belize

o o
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Hurricane Dean

Hurricane Dean passed approximately 50 km to the northrodtady area on the 2 August
2007. Whilst the hurricane did not ‘flatten’ the foresime areas lost over 50% of trees and
canopy damage was extensive throughout the area. Condggtienturricane caused many
logistical problems with respect to reaching study sitesto accessing sufficient trails/tracks
to carry out transects. Indeed, one site, Fireburnhdid,to be abandoned altogether, as the
trail system was inaccessible for up to six montHisviang the storm. As a result we moved
activities that were planned for Fireburn to Balamawd Balam Jungle, which were located
further south and where the damage was not so greatalsdctould be walked with relative
ease.

Aside the obvious logistical problems associated with dftermath of the hurricane,
its potential impact on the results of this study musb &e considered. Migratory birds are
generally highly capable of assessing habitats on tbengras they migrate overhead and
apart from in unfavourable conditions or where suitdlalkitat is unavailable, are capable of
choosing appropriate habitats to land in. This raisegjtlestion as to whether migrants may
have recognised storm damaged forest from healthy faresttherefore avoided our study
area. Whilst this is possible, it is unclear wheth@grants can make such fine habitat
distinctions, for example reed dwelling warblers regularistake fields of maize for
reedbeds and waterbirds have been known to confuse el rfor wetland habitats.
Regardless of whether migrants can may make this distin@ll results in this study must be
considered bearing the hurricane in mind. This is edpedime of the assessment of
abundance by habitat over-winter. Whilst birds wouldl &® expected to chose their
preferred habitat, the carrying capacity of the habitatolved may have either been reduced
or enhanced as a result of the hurricane and this reustkien into account. To illustrate this
point, it is possible that more damaged areas became appealing to species preferring
edges and open forest structure such as the White-eyea "gdound by Greenberg (1989)
following Hurricane Gilbert, whilst species favouringps®d forest such as the Hooded
Warbler may have been excluded.

Prothonotary Warbler Scarlet Tanager
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CHAPTER 2

GENERAL RESEARCH METHODS

Introduction

To avoid considerable repetition between chapters,adetbgies deployed in the field and in
analysis that are common to more than one of theareh areas examined in this report have
been detailed below. How each of these methodologissapplied to specific questions is
detailed within the following chapters.

This study deployed two main field methodologies, mistimgtand transects, and it is
worth considering here their complimentary nature aeddibadvantages of using either one
in isolation. Mist-netting and transects are both meeaf sampling bird populations and the
resulting information can answer a diverse set of questiBoth methods, however, have
their biases and shortfalls that are best dealt thittugh combining the two. In this study, the
main aim of deploying transects was to determine wimigitatory species were present in the
study area, their relative abundance and to attempt totiigudifferences in abundance
between the habitats found within NE Belize. Transeethodologies are ideally suited to
answering the above questions for the majority of sgduut are often considered inferior to
mist-netting for the detection of shy species thabdawdense vegetation. Whilst mist-netting
may be more effective for sampling rarely seen spetgsability to comprehensively sample
bird communities is heavily influenced by vegetation tyged structure. Mist-nets are
typically erected at ground level and only effectivelyngke birds flying at heights between
0.2-3 metres above the ground. In tropical forests, caheigyts are typically >8m and thus
mist-nets will not effectively sample canopy dwellingesies. Additionally, mist net position
can greatly affect capture rates and thus standardisiog &#tween areas/habitats is not
possible. To effectively sample a bird community, thenbination of transects or a similar
observational technique and mist-netting is often cdemed most effective (Whitmaet al.
1997).

With respect to this study, mist-netting added a furthecial element to the study.
Whilst transects typically provide a more accurate d@smn of a bird community, they
provide little information on the status of the birdsthat community in terms of migratory
condition, site usage etc. To understand how migrantusing NE Belize it is vital to
determine what they are doing when they are preseheinegion. This is a question that can
only be answered by examining birds in the hand andylsdife to uniquely mark individuals.
Mist-netting allows this and takes the study beyond és#ignproviding information on
presence/absence, timing and abundance. To illustraepdimt, we will provide a simple
hypothetical example about two researchers. In a stbiagigratory birds on the northern
Yucatan peninsula, researcher A using transects findshdaomposition and abundance of
migrants in two habitats, coastal scrub and inland ¢ebgorest, was approximately similar
during autumn migration when birds are arriving from No#tinerica across the Gulf of
Mexico. Researcher A therefore concludes that bobiitdia are important to migrants after
the Gulf crossing and that they should both receive empadervation status. Researcher B
deploys mist nets in both habitats and discovers thastvshe caught more migrants in the
coastal scrub, they were rarely caught again in thigdieand if they were their fat scores had
not increased. Conversely, those inland were ofteghtaagain and showed evidence for fat
deposition. Researcher B concludes that the differemcabiindance is probably because
capture probability is higher in coastal scrub due tdoits canopy and that whilst migrants
often land on the coast, they quickly move inland teita forest, whose greater resource
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availability enable depleted fuel reserves after thd Golssing to be replenished faster. She
therefore promotes the conservation of the inlanesksrover that of the coastal scrub.

Study Area, Study Sites & Hkitat Descriptions

Study Area

The study area was situated in the Central AmericantgoahBelize, located at the base of
the Yucatan peninsula and bordered by the CaribbeanoSba east, Guatemala to the west
and south and by Mexico to the north. Within Belize skudy was carried out entirely within

the Corozal district in the north-east, with mostivitees being focused around the village of
Sarteneja (see Fig. 2.1).

The climate within the study area is defined as subidab and is characterised by
distinct wet and dry seasons. Average annual rainfallennorth of the study area is around
1,260mm annually (Meerman & Boomsma 1993) and the BelizeotNdtiMeteorological
Service places the entire study region within the 1,524isopleth. The majority of rainfall
falls between June-January such that the dry seasomshiagiFebruary and may extend till
the end of May. The prevailing wind direction is provided douth-east or easterly trade
winds that blow for much of the year. Between Octaldarch these may be interrupted by
‘northers/nortes’ which bring strong winds, cool tenagperes and often rain as a cold front
moves down from North America. Hurricane season sphmse-November, peaking in
September, and can bring heavy rainfall associated tnahical storms and occasionally
hurricanes. Mean daily temperature varies from 24°C duheg‘winter’ months to 29°C
during the ‘summer’ months.

The topography of the area reflects its locatiomhenYucatan platform, characterised
by low lying plains that cover much of the Yucatan Reula. Within the study area, the land
rarely rises five metres above sea level and manyhef coastal savannahs and dwarf
mangrove forests are sufficiently low lying that tHescome inundated by rising sea/lagoon
levels associated with strong onshore winds. Land uskinwihe study area is largely
determined by soil depth which can be very thin over lilmestone bedrock. Consequently,
farming activities are restricted to areas with deegods, leaving much othe land with its
natural vegetation cover. Areas that still retainurelt vegetation cover are found within
various land units including private nature reserves, @riNands, government lands and
government forest reserves.

The study area contained a matrix of ecosystems spowiffinities to both the
Yucatan and Selva Maya ecoregions. These ecosystemsechroadly classified into three
types, tropical savannahs, mangrove lagoons and tramioadleaf forests. Each of these
ecosystems supports a wide range of habitat types thdetailed below.
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Figure 2.1 Broad scale vegetation map of the study area and theog®d north-east
biological corridor in NE Belize. Existing protected aseare outlined in black. It is important
to note that classification of savanna and mangrewtdts is problematic and in many cases
the two overlap in a form of mangrove/savanna, conselyube areas designated as the two
habitat types below should be treated with caution. By wf example, the savanna areas
within Freshwater Creek FR are more likely basin mawgr forest intermixed with
freshwater, not salt marsh, savanna.
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Study Sites

Within NE Belize, study sites were chosen to ensuaedhch of the major terrestrial habitat
types within the region were sampled and to ensure tihndy sites were located throughout
the proposed NE Biological corridor (see Chapter 1). ®be main study sites, which are
mapped in Fig. 2.2, were as follows:

1)

2)

3)

4)

La Isla: defined as the area within a radius of two kilometresthef La Isla
(alternatively known as the Wildtracks) which was tedato the south of Sarteneja
vilage on the north-east shore of the Shipstern Lagh@ Isla N18 20.111, W88
07.495; see Fig. 2.2). The site was heavily used for lodisgeaons and also for the
habitat matrix it supported, including a Red Mangrove scssb@ated with Shipstern
Lagoon, Black Mangrov@vicennia germinangropical semi-deciduous broad-leaved
forest (low variant), Milpa agriculture and savannahitagh The forested areas
around La Isla had been subjected to rotating Milpa aguieuland harvesting of
forest products over at least the last 100 years and ¢msssted of secondary growth
at varying stages of maturity.

Sarteneja Community Lands:situated to the south and west of Sarteneja village, the
study area took in a 1 km radius around the point N18 19.796, W88 0%I823tudy
area contained Milpa agriculture bordering on unbroken tabpemi-deciduous
broad-leaved forest (high variant) stretching to thendaries of Shipstern Nature
Reserve. The entire area had been farmed at some ipdin¢ last 100 years and
consequently forested areas consisted of secondary gratvtlarying stages of
maturity.

Shipstern Nature Reserve:private nature reserve located to the west of Sadenej
village and containing forested areas both north anchsafuShipstern Lagoon. Three
areas of the reserve were utilised in this study: #dsteen survey line (N18 19.091,
W88 10.658); the western survey line (N18 17.871, W88 13.112) and thre thaudi
(N18 18.069, W88 12.742). The reserve was founded in 1989 by the tiateaha
Conservation Foundation (ITCF). The areas utilised lipssern contained both
tropical evergreen seasonal broad-leaved forest andcatogemi-deciduous broad-
leaved forest (high variant). Shipstern’s reservaustateant it was the least disturbed
area in recent decades but was subject to logging and agecdisturbance prior to
1989 and consequently would also be considered to be a ior@shature state of
secondary growth.

Balam: consisted of Balam Na private nature reserve and thately owned Balam
Jungle Estate which were situated south of the Shipktgroon and within the largest
contiguous forest block in NE Belize (N18 06.251, W88 16.151; se€?Higk 2.2).
The Balam site consisted primarily of tropical evergreeasonal broad-leaved forest
and was interspersed with patches of tropical evergreasoral broadleaf lowland
swamp forest and seasonally flooded swamps/savannalropagenic disturbance
was least at this site with most activities inviodyiselective logging, particularly
during a concession in the late 1980’s, subsequently thstdoire this area could be
described as mature second growth but lacked large specoheaks commercial
hardwoods.

All the study sites above were affected to some degrddubricane Dean that passed to the
north of the area on the 2JAugust 2007. Personal observations suggest an approximate
gradient of damage from north to south, although the edggseo areas e.g. forest bordering
farmland at Balam Na, were damaged to the same degezeassfurther to the north. Whilst
the hurricane did not flatten the forest in any of shaly sites it did cause severe damage to
the canopy in places and this will be considered inetfauation of the data. The last time
this region was severely affected by a hurricane waddirricane Janet in 1955, when
anecdotal evidence suggests that the forest was dedabte by the hurricane and by a
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forest fire (Meerman & Boomsma 1993). Originally, theeburn reserve had been chosen for
data collection, however the impact of hurricane D@aaant that large areas of the site were

inaccessible and Balam Na, the Balam Jungle Estat&laipdtern Nature Reserve were used
instead.

Figure 2.2 Main study sites (outlined in blue): 1) La Isla; 2) $agja Community Lands; 3)
Shipstern Nature Reserve (north); 4) Balam.
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Habitat Descriptions
Habitat descriptions follow those outlined by Meermais&bido (2001), with the addition of
our own field observations.

Milpa (UNESCO code: SPA.(1)) Shifting cultivation called "Milpa" in
Belize is a system by which a parcel of forest is butned and manually
farmed for one or more seasons (Meerman & Sabido 200ik).ah old
practice derived from the ancestral Maya culture and En Belize it
consists of relatively small (average of 1 ha) pldtéand surrounded by
forest which are cultivated with a variety of cropsostl of these plots
provide goods at the household and local level and arelesigned for
large scale commercial production (Eastmond 1998). Norraiy the
crops have been harvested, the Milpa is left ‘to r@stf secondary growth
develops on it quickly. The result is a matrix of patabieland in different
stages of succession.

Marine salt marsh, mangrove scrub and semi
inundated mud flats (UNESCO codes:V.E.1.a.(1)
& [.LA.5.b.(1).(a)) — These open habitats
associated to estuarine lagoons, occur on acidic
soils over calcareous rock which are poor in
nutrients and are inundated with brackish water
for most of the year. It is a highly specialized
ecosystem with plants adapted to extreme
conditions of temperature and salinity which is
often greater than 5%. The landscape is patchy
with large areas of grassy and herbaceous
vegetation surrounding islands of dwarf red mangroves orspalmd shrubs (Meerman &
Sabido 2001). Water levels are regulated by precipitationbgnithe wind which creates a
fluctuating flood system over vast areas in which ghearance of temporal pools are used
by resident and migrant birds, in particular waders and diRs ob¥ For convenience, we
refer to this array of habitats as “savanna” orrigrave/savanna” in this study.

Black Mangrove —Patches of various sizes of Black Mangrove,
Avicenia germinansoccur within and beside the estuarine savannas
in areas where salinity is appropriate for developméthis species.
Due to its scarceness and patchiness it has not et fepped
within the ecosystem map. However we have cataloguedkBl
Mangrove as an independent habitat type due to its unique
characteristics that make it an oasis for birds enrtiiddle of the less
diverse savanna habitat. While the surrounding savamtdoaests

dry up as the dry season advances, this process is rower gh the
Black Mangrove due to the shade that prevents such a rapid
evaporation. Consequently, nutrient rich mud and poolsinelmag

into the dry season.
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Tropical semi-deciduous broadleaf
forest (UNESCO code:
I.LA.3.a.(1).(a).) -This type of forest
has only been described from around
Sarteneja and north of the Shipstern
Nature Reserve within Belize. It has
a low canopy (8-12 m) and a more
deciduous aspect than most other
forests in Belize and has been
associated with areas of shifting
cultivation (Meerman & Sabido
2001). According to the level of
disturbance, hence the approximate
time period since it was cleared, we
divided the forests in two groups reflecting a perceivecerdifice in bird communities:
disturbed and undisturbed.

Disturbed variant Patches of forest that have been regenerating fribveargiast cultivation
or complete clearance for the past 30 years. Theyeae Sarteneja and near milpa plots of
various ages. In this study we refer to this habita¢ &s “dry forest — low”

Undisturbed variant -Exclusive to the patches of forest inside the Shipdiature Reserve
which as a result of protection for at least 18 yeaes ia a more advanced stage of
succession. This is reflected in general structure gbehcanopy height (12-15 m) and in a
somewhat different tree composition. In this study &ferrto this habitat type as “dry forest —
high”.

Tropical evergreen seasonal broadleaf lowland
forest on calcareous soils: Yucatan Variant
(UNESCO code: 1.A.2.a.(1).(b).K-Y) Fhese
forests receive slightly more annual rainfall than
those further north and have a higher canopy (15-
20 m). They are characterized by the scarcity of
Attalea cohune and Crysophila stauracantha
palms which are common in similar forests in
Belize (Meerman & Sabido 2001). The forest we
sampled in the Balam Jungle Estate corresponds
to this habitat type. We refer to this habitat as
“moist forest” here.
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Mist—netting and bird bandimg

Mist nets were deployed at La Isla during the two migrageriods that shall be referred to
as ‘autumn’ (August-Mid November) and ‘spring’ (mid-March-mey) from here on. Mist-
netting effort varied to a small extent within thewanh period and markedly between autumn
and spring due to a variable number of mist nets beiniplaleafor use. Variability in mist-
netting effort will be described in Chapters 3 and 4. Medis varied in length between 8m -
18m with the majority of nets being 12m in length. Megless of nets included both 32mm
and 36mm (spring only) nets which despite increasing thecdas of sampling smaller and
larger migrant species equally (Pardieck & Waide 1992) walinasight, a mistake as the
vast majority of captures were of small warblers dng tcapture numbers were considered to
be lower than if only 32 mm nets had been used exclysivel

Mist-net were erected in two main habitats, dry dor¢low variant) and Red
Mangrove/savannah edge, during both seasons and in Blaggdd@ (6 nets) in spring (Fig.
2.3). Nets were divided approximately equally between hab#ad placed to maximise the
area covered whilst ensuring that an empty ‘net rour@dk of the nets) lasted no more than
15 minutes. Exact net positions were selected to maxioaiptures where possible by closed
choosing sites such as edges that birds followed and iaréaes forest and mangrove where
the canopy was lowest. The majority of nets wereallesl such that they sampled birds
moving at a height between 0.4-3.0 m whilst one net \easted higher on bamboo poles to
sample birds between 1.25-4 m. Mist-nets were opened dailvan during both seasons and
after approximately 3.5 hours if conditions allowed. Mists were not opened or were closed

Figure 2.3 Mist-net positions at La Isla, NE Belize. Mise¢ts in different habitats are colou
and named correspondingly such that MS (red) = Red Mangexaina; FS/FA (green) = i
forest (FA = autumn only); BM (black) = Rl Mangrove. Blue lines indicate tracks cu
access nets. The view is looking north from the sladrghipstern lagoon towards Sarteneja
Chetumal Bay (see Fig. 2.2 for locality of La Isla aev scale). Image created in Google Earth.
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in strong winds, rain and high temperatures. On a smalbar of occasions, overwhelming
numbers of birds meant that only a reduced set of netskept open. Once open, mist nets
were checked every 40 minutes or less and all birds wéraceed and brought to a ringing
station in cloth bags to be processed prior to reléHse.time in which birds were in mist-
nets or being processed was kept as short as possiblecrease the capture of canopy
dwelling species, a sound lure consisting of the songslettsspecies was played on a
continuous loop by one of the nets on certain days.sbhed lure was never deployed before
dawn and was maintained at a volume so it was not auglidedistance greater than 50m.
The species played, net at which the sound lure was depémek the duration of use were
recorded in all cases.

All new captures were fitted with a band/ring bearing iguannumber and a reporting
address, except for Hummingbirds and those for which anoppate ring size was not
available (all bands were obtained from ProAves dbfbia and bear the reporting address
www.sna.org.ch Time allowing, the data variables in Table 2.1 w&xken for each bird
including recaptures. In addition to the data recorded dml@ed; data on weather conditions
were made from direct observations on a daily bagis arsatellte image showing cloud
cover and water vapour in the Caribbean region was d@aaatl when internet access was
available.

Table 2.1 Variables recorded for birds captured in mist nets.nigratory species all
variables were recorded, if time allowed, except foséhmarked with aik which were only
recorded for resident/locally breeding species.

Variable
Date & Time

Method of determination or scoring system & referene source

Time was assigned as the hour of extraction from meist

Net number &
capture type
Species

Age

Sex
Fat Score
Muscle Score

Generations of
feathers

Wing length
Body Mass
Breeding
Condition
Plumage State

The identification number assigned to the net of captaenoted. Capture
type was recorded as 1 = new, 2 = recapture, 3 = newlbased un-banded
Determined using either Pyle (1997), Jones (2003) or Sibley (2000)
Determined using the criteria in Pyle (199% by applying basic principle
regarding ageing birds for resident species

Determined using the criteria in Pyle (1997) or by refegrto Jones (2003) or
Sibley (2000)

Visible fat deposits were scored on a nine point s, following Kaiser
(1993)

Condition of the pectoral muscle was scored on a fountpsecale, 0-3,
following (c.f. Redfern & Clark 2001)

The number of generations of feathers in the wing.

Measured to the nearest 1 mm using the ‘unflattenediicugPyle 1997)
Measured to the nearest 0.1 g using an electronic balance
Presence/development of cloacal protuberances and brociiepavere scored
on four point scales

Each feather tract in the wing was scored accorttinghether it was retained,
replaced or in moult

Transects

Variable distance transects were carried out in aflettstudy periods, autumn, spring and
winter, and at all study sites. Each transect was 500 length, except for two transects in
Black Mangrove that were 100 m and 125 m due to the limitinghpsize of the mangrove,
and was measured using a GPS and marked with flagging tagetdoe reference. The
majority of transects followed existing trails, trackssurvey lines and were chosen to follow
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as straight a line as possible. The position of alidects used during the study can be seen in
Fig. 5.1.

The majority of transects were carried out betweewndand three hours after,
although some transects during the migration periods waméed out in the afternoon.
Transects were walked at an even pace such that tb&ybeiween 15-30 minutes and all
birds seen and heard along the transect were notedliSthace of each bird from the transect
was estimated and then the birds were assigned to aadistand. For transects walked
between the SiAug 2007 — 28 Jan 2008 distance bands were as follows: 1 = 0-25m, 2 = 25-
50m, 3 = 50-100m. After the 28an 2008, the number of bands was increased to improve the
calculation of detection curves using the program Distancé that: 1 = 0-5m, 2 = 5-10m, 3
= 10-25m, 4 = 25-50m, 5 = 50-100m. Birds flying over the transet weted but were not
included in analyses of abundance. For each transekedyalhe date, start and end time,
observer and weather conditions in terms of cloud ¢owverd strength and rain were also
noted.

Each individual transect was assigned to one of siitatatypes according to a
process with varying levels of complexity. Three ratbitypes Black Mangrove, Savannah
and Milpa agriculture, were considered relatively homogerans easy to identify and
transects were assigned to them subjectively. In @ise of Milpa agriculture, each transect
was scored for percentage farmland by measuring the numhbeetres of farmland either
side of the transect and dividing by 1000 m. For transect®rest, a series of habitat
variables were measured in three 5 m? plots per traf@isving a modified version of the
James & Shugart (1970) method for sampling vegetation irstf@ed shrub systems (see
Martin et al. 1997) (see Table 2.2). In addition three 15 x 5 m tree su@ws carried out
along each transect, in which the number of treek witDBH greater than 10 cm of six
common species were counted. The species included Gumudm Buorsera simarouba
Chicle Manilkara sapote Cotton TreeCeiba pentaphyllaWaree WoodCaesalpina gaumeri
Black PoisonwoodMetopium browneiand SalamLysiloma latisilguum The process of
assigning forest transects to forest type is descnb&thapter 5.

Table 2.2: Habitat structure variables recorded in three 5x5m [otgted along transects in
forested habitats, North East Belize 2008.

Variable Method of recording (Martin et al. 2007)
Canopy
Average Canopy Height One measurement in cehpiet
Percentage canopy cover One measurement irceawdr of the plot
Tree density
Number of snags (>10cm dbh) Count of all treekeEpecified diameter
Number large trees (> 38cm dbh) within the plot

Number medium trees (23-37cm dbh)
Number small trees (8-22cm dbh)
Number large stems (2.5-7cm)
Percentage Ground cover
Grass Estimation of percentage of items cogdhe
Shrub ground. The sum must add to 100%
Dead wood
Forb
Cactus
Leaf litter
Rock
Water
Other
Leaf litter depth One measurement in each corner of the plot
Hurricane damage Number of fallen and broken trees in plot.
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In addition to the observations made during transectsergkembservations were made
throughout all study periods especially of migratory bir@shsehilst mist-netting.

Data Analysis

Lean Body Mass, Fuel Loads, Body Mass Changes and Fuel Deposition Rates
Size-specific lean body mass (LBM) for individual spesies estimated from the body mass
of birds with a fat score of zero by regressing bodgshnean wing length. Body mass changes,
which reflect changes in fuel stores (Redfetnal. 2004), were calculated as the change in
mass between successive captures of individual birds. |Gaél and fuel deposition rate
(FDR) were quantified as a percentage of a bird’s sieeHgp LBM, to take into account
differences in overall structural size between indivisuglel load will thus be expressed as a
percentage of LBM, and FDR as the percentage of LBM adletied per day. FDR could
only be calculated for birds trapped on two separate mesads capture effects are believed
to result in mass reductions (c.f. Gosler 2001), only mami FDRs were calculated to
minimise these effects. To quantify maximum FDRs frdata on mist-netted birds, the
maximum observed rate of mass increase between sweceaptures of each retrapped bird
was calculated (for birds captured twice this was simb® tate between first and last
captures).

Stopover Durations

Minimum stopover durations were calculated as the tirapseld between the first and last
captures of any given bird. More accurate estimategogpioser duration can be obtained
through other methods but these could not be deployed hete do®ll sample sizes (Morris
et al. 2005). Various studies have demonstrated that minimum stoplovations tend to
underestimate durations relative to other methods asdnibst be kept mind here. It is
important to note that we only calculated durationsrédrapped birds and not those caught
on one occasion and thus our results apply only to biojgpmg in the area for certain and
exclude birds that are likely only to be pausing in thedytarea for one day between
successive nocturnal flights.

Flight Ranges

Flight ranges were calculated using version 1.15 of Penmkysdight program (Flight 1.15,
accessed 31/03/05, http://www.bio.bris.ac.uk/people/staff.ciyr®ke Pennycuick & Battley
2003) for six species (see Chapters 3 & 4) for which fiekhsurements on live birds of
wingspan and wing area had been made (see Pennycuick 1998ttmdoilogy). To calculate
ranges, birds were set up with the appropriate wingspanspadtaratio (calculated from the
wingspan and wing area measurements) and a flight altifubl@0@ m (varying flight altitude
has little effect on estimates). The default settihgd.d7 was used for the flight muscle
fraction. ‘Fat mass’ was calculated by subtracting tB& of a bird of mean wing length
from the ‘empty body mass’ and taking 85% of that figureusT85% of any increase above
LBM is expected to be fat whilst protein combined withter makes up the rest (c.f. Piersma
1990). Actual fat content may be higher given that Bagd&86) found that fat accounted
for 100% of increases above the mean LBM of a migrat@npler (N = 20). Default settings
were used for all other inputs.

Species abundance estimates

Estimates of abundance for individual migratory specie$ @wgrants as a group were
estimated using data from transect$wo methods were deployed to estimate
abundance/densities depending on the number of observaeorspecies. If more than 20
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individuals were detected in the period of interest, edasof density were calculated using
the program Distance Version 5.0. Species with feweerobhons or for which the program

Distance could not reliably model detection probabilsgre analyzed on the conservative
assumption that all individuals within 25 m of a transeete detected. This assumption by its
very nature will result in underestimates of density endnly used to allow comparisons

between habitats and times of year and not for malaghgble estimates of densities. In all
cases in which the later method is adopted, only diftee receiving strong statistical

support (P<0.01) were accepted, as differences in detdgthbiiveen habitats or at different

times of year may have been responsible for smédrdiices in abundance.

What the DISTANCE program does, in effect, is to diaw a detection curve for
each species and then fit a mathematical model, wdesleribes the data. The three main
models, or ‘key functions’, account for the fact thame birds are detectable over much
greater distances than others and that a species nmawpregeeasily detected in one habitat
than another and thus every species will have a sligifférent detection curve. If necessary,
these models can be adjusted to fit the data even fusthasing a ‘series expansion’ or a
variation on the key function. To draw useful conclusibosn distance sampling data, the
following assumptions must be met (Bucklaidl. 1992):

A. With regard to the statistic validity of the data amdie survey design:
1. Objects sampled (birds) are spatially distributed inatlea to be sampled according
to some stochastic process with rate parameter Dir@sbar per unit area).
2. Randomly placed lines or points are surveyed and a samplebjects is detected,
measured and recorded.
B. With regard to the sample objects and the data:
1. Objects directly on the line or point are alwaysdetd (i.e. they are detected with
probability 1.
2. Objects are detected at their initial location, ipt@ any movement in response to
the observer.
3. Distances are measured accurately, or objects arecttp counted in the proper
distance category.

Flooded mangrove mist-net ride Mangrove/savansgmet ride
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CHAPTER 3

AUTUMN MIGRATION

Introduction

Migration occupies up to one third of the annual cyclenafratory birds (Mehlmaret al
2005) and increasingly is considered one of the most vibleestages of a migrant’s life
cycle (Holmes 2007; Newton 2006). This assertion is gradgailyng empirical support, for
example, when the annual cycle of the Black-throate BVarbler was examined in terms of
monthly survival probabilities, mortality rates wefeund to be highest during the two
migration periods (see Fig. 3.1). When translated intau@nmortality, Sillett & Holmes
(2002) demonstrated that migration accounted for up to 85% eofatimual total in this
warbler. These findings led Holmes (2007) to conclude tbants during migration and
especially the quality of migratory stopover sites ampartant to the maintenance of long-
distance migrant populationsl a review of the causes of population change in migyato
songbirds The importance of high quality stopover sites is madar ddg the example of the
Red KnotCalidris canuta,in which a catastrophic decline in population was linketth the
overexploitation of their main food source at a aitistopover site in Delaware Bay (Baker
et al 2005). Despite the obvious importance of quality stopoites $or the success of
migration, little study has been directed towards thepaster ecology of Neotropical
landbirds.

Part of the reason for this lack of studies, is thicdify in studying, identifying and
categorising stopover sites. Migratory birds often us@de range of sites, whose use may
vary markedly between years, and therefore differemgidtetween sites in terms of quality
can be difficult. To aid this process Mehlmatnal (2005) defined a framework by which to
assess such sites. Based on a site’s capacity toanmagrant’s needs at any point both in
space and time, the framework divides sites into thategories as followdrire escapes-
sites infrequently used during emergencies that ensure auiput/ contain minimal resources
e.g. small islands during adverse weather at Geayenience Stores- as the next step up,
these sites are generally small and found within aixnafrinhospitable habitat and allow
birds to take a break and top up but not fully replenisthrvesg-ull Service Hotels— as their
name suggests these sites meet all a migrant’'s neadg, lbgh quality habitat with low
levels of competition and sufficient resources for catepreplenishment of fuel stores. Full
service hotels are also expected to be large areas of
suitable habitat, thereby diminishing size-dependant
Blue Warblers at different stage: problems_that smaller Co_nvenience stores present,
the annual cycle Adapted fror such as mcrea_sed predation levels and the risk of
Holmes (2007). resource depletion. _ _

Our knowledge of Neotropical migratory
landbirds currently has a northerly bias. Whilst key
North American stopover sites around the Gulf of
Mexico have been identified (e.g. Yong & Moore
1997, Yong & Finch 2002) and in other key areas of
North America (Morriset al 1996, Duncaret al
2002), there is little or no information from Central
or South America. General routes in Latin America,
as outlined in Chapter 1, are fairly well described
with many species known to cross the Gulf of
Mexico to make landfall on the Yucatan peninsula

Figure 3.1: Monthly surviva
probabilties of Blackhroatel
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during autumn migration and then continue further southeatiof occurrence of migrants
within Central America are also well described bytsesuch as Howell & Webb (1995) and
Jones (2003) - the latter in particular gives a good indicadif the relative abundance of
different species and their status in terms of trahsienvintering. However, even these texts
admit a lack of knowledge for certain species such asEthpidonax flycatchers (Jones
2003). What these texts do not detail is how migrantsuanmeg the region in terms of
replenishing reserves, stopover durations and habitat- us@®rmation also lacking in the
wider literature. A study of migration in Veracruz suggelts many species are using this
area but does not detail exactly how - it does howeggaronstrate that more species occur in
lowland versus montane forest and that arrivals ofanigrappear to coincide with ‘nortes’,
southerly moving fronts over the Gulf of Mexico (Inzam al 2005).

Located in the southerly portion of the Yucatan perisBelize is situated along a
major flyway for birds moving south from the northefoncatan having crossed the Gulf of
Mexico during autumn migration. Given its strategic positémd wealth of natural habitats,
especially forested habitats, Belize is expected toigec range of stopover sites to transient
birds that could be classed as full service hotels.n€eease our understanding of migratory
stopover behaviour in Neotropical migrants, how migrargs Belize and in particular how
they use the proposed NE Biological corridor, we aimedsi®ss which species occurred in
the area during migration and their relative abundanaesletermine whether migrants were
merely using the area as a convenience store, i&.resting place between nocturnal flight
where they could ‘grab a snack’, or whether they weanglenishing reserves expended
crossing the Gulf of Mexico, we examined the fat ®tprstopover durations and fuel
deposition rates of commonly occurring species. The eramnwhich migrants were using
NE Belize is used to infer where key stopover sites botth and south of the area might be
located.

Methods

Transects & general observations

Autumn transect work began on tHB August 2007 and the last transect was walked on the
9™ November 2007. All transects were 500 m in length, wetkedat a similar pace (Mean
Transect Duration = SD = 24.67 = 11.28; N = 115) and were ghneaalied out in the first
three hours after dawn (mean start time 7:45 am). Te¢wdmg of birds heard and seen was
carried out as described in Chapter 2. Transects watieccaut at two main sites, La Isla and
Balam. At La Isla transects were carried out on ar régly basis in two habitats,
mangrove/savannah and ‘dry forest’ (semi-deciduous trofocast low variant) intermixed
with regenerating Milpas (18% of transect). Due to timestraints associated with mist-
netting activities, transects were largely restri¢ctethe dry forest/Milpa matrix (see Transect
MI1 in Fig. 5.1). The Balam area was visited on threeasions — 30/08/2007, 7/10/2007,
1/11/2007 — during each of which approximately 5 km of transeets walked in ‘moist
forest’ (evergreen broadleaf tropical forest). In additto the observations made during
transects, general observations were made throughowatuthenn study period especially of
birds seen whilst mist-netting.

Mist-netting

During the autumn up to 16 mist nets were erected acroshkahitats —mangrove/Savannah
and dry forest (low variant). After a trial run on ebrdays in mid-August, 15-98 mist-
netting was carried out daily, weather allowing, from 2 September 2007 td*November
2007. The number of nets opened on a given day varied dependimgather conditions and
prior to the 28 September only 13 nets were available. The resultiranrdaily net effort +
SD expressed in terms of mist-net hours (1 mist-net koome 12m net open for one hour)
was 53.8 + 15.9 for the first period of the autumf 223 Sept) and 56.2 + 17.6 for the
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second period (Z5Sept — 8 Nov). In total mist-nets were operated for 3260 misthuetrs
between the ¥ September — 10 November, of which 1816 were in forest and 1444 in
mangrove/savannah. Birds caught in mist nets were medesccording to the methods in
Chapter 2. To increase captures, the songs of two comassage species, Red-eyed Vireo
and Prothonotary Warbler, were played at low volumé teerne net on certain days.

Migratory phenology

To examine the timing of migration, daily capture tofedsn mist-netting were corrected for
mist-net effort and the playing of sound lures. For #anhdata, only daily migrant totals from
transect MI1 were selected.

Estimating abundance from transect and mist-netting data

To examine migrant abundance during autumn, data from Iatiseicts and mist-netting
were utilised. In general transects produced insufficeabnds to use the program Distance
to estimate densities, so a conservative approach adapted to allow inter-habitat
comparisons and make estimates of the number of birdsmgabrough the study area. This
involved treating transects as strips 500 m long and 25harestde of a central line in which
detection was assumed to be 100%. Even within 25 m deteeties are expected to be
below 100% and thus all resulting estimates will underettittae numbers — Raman (2003)
suggests that underestimates may be around 19% on average @agange of species for a
transect of width 30 m either side of the line. Datanfitransects were combined to estimate
the number of individuals present in 1 km? on an average autlay and at three periods
during the autumn in three habitats. The three periods defined by each of three visits to
Balam and for La Isla all transects carried out fivgsdaither side of visits to Balam were
combined. An average number of individuals/lkm? across thelevautumn was also
calculated by summing across all transects in a givdmtahaand multiplying by an
appropriate factor.

To estimate the total number of individuals by spep&ssing through the proposed
corridor during autumn, estimates of individuals per km? fromngects were multiplied by
the number of days of passage (we arbitrarily chose @@isaapproximates to the period over
which transects were carried out) and then by the nuwmb&m? of available habitat (dry
forest = 60 km?, moist forest = 350 km?; mangrove/savann&b0- km?). For transient
species it was assumed that individuals recorded on diffetays were not the same
individual, whilst for ‘wintering’ species, the number/knvas adjusted for the percentage
retrapped as calculated from mist-net captures (see BableNote that these estimates do
not account for birds occurring in rare habitats indbeidor. For comparison, the number of
transient birds based on mist-net data was also cadulaere a conservative assumption was
made that 100% of birds occurring in the 0.175 km? mist-nettieg @were captured and that
the area of available habitat was 400 km2. For wintedpgcies, retrapped birds were
excluded from calculations.

Fuel loads, fuel deposition rates (FDR) and stopover durations

Fuel loads were calculated for six selected migranteviollg the methods in Chapter 2 and
using first captures only. Fuel loads were then assignexhéoof three fuel store classes as
follows: Small = 0-10% of LBM; Medium = 10-30% of LBM; Large>30% of LBM. FDR
and minimum stopover duration were calculated followingrtighods explained in Chapter
2 for all individual birds that were captured more thaneonm the case of known wintering
species, only recaptured individuals that showed an ireneasisible fat deposits between
captures were included in analyses. Estimates of botR BBd stopover duration were
averaged within species for presentation in Table 3.6.
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Flight ranges

Flight ranges were calculated according to the methodsille$an Chapter 2 for three
species. Calculations required an estimate of LBM, wpansand wing area, for which the
following values were used based on in hand measuremedtsadues accompanying the
program Flight 1.15 in the case of American Redstart.

Red-eyed Vireo LBM = 0.18 + 0.182*Wing length; mean wing span (N = 5) = 0.234 m;
mean wing area (N =5) = 0.0108 m.

Prothonotary Warbler: LBM = 6.1 + 0.080*Wing Length; Mean wing span (N = 4) = 0.202
m; Mean wing area (N = 4) = 0.0084 m.

American Restart LBM = 3.29 + 0.061*Wing Length; Mean wing span (N = 5) = 0.195 m;
Mean wing area (N =5) = 0.0078 m.

Results

Species composition
Between August *1 2007 and November 152007 over 5400 individuals of 84 species of
Neotropical migrants were recorded in the study area dumisgrnetting, transects and
general observations. Of these 84 species, 63 species owv@&/primarily terrestrial species
or landbirds, with the remaining 25% of species favourimglamd and marine habitats. Of
the 63 landbird species, 24 or 39% are defined as trangienthiose species which only pass
through Belize on route to non-breeding or breeding groulatgeé 2003). In reference to the
study area and not the whole of Belize, the numberasfsients increases to 39, due the
passage through northern Belize of species that onkemin the south of the country e.g.
Chestnut-sided Warbler. In terms of abundance, indivichfaisansient species accounted for
60% of 3994 migrant observations on transects and for 38%40& new migrant captures.
The composition of migrants largely reflects what wlobk predicted from Jones
(2003), however, there were notable omissions. Wils@vesbler is common in parts of the
Maya Mountains in southern Belize but was not recordethgldinis study. Similarly, Wood
Thrush and Yellow-bellied Flycatcher are both commantev residents in much of Belize
but were rare on passage in our study area with ninerendlservations respectively.
Notable observations of migrants included two neaediemed migrants, the Golden-
winged Warbler (3 captures) and Olive-sided Flycatcher (4ermvtion) and a species
considered accidental in Belize (3 previous records; Ja0@3), the Clay-coloured Sparrow,
was observed for four consecutive days following a l&ati@ut on the 12 October. Eight
further species appeared to be new records for the Qalistzact of Belize, including Chuck-
Will’'s Widow, Cliff Swallow, Willow Flycatcher, AlderFlycatcher, Acadian Flycatcher,
Prairie Warbler, Palm Warbler and Canada Warbler.

Migratory phenology

The first landbird migrant was recorded ori"1Rily, following which numbers increased very
gradually until mid-August. From mid-August Red-eyed Vireo andovieWarbler increased
in numbers but there was no notable arrival of ‘éarligrants until mid-September. From
mid-September onwards passage remained relatively constisiiate October, except for an
obvious peak associated with a large fall-out on tH& @&tober and a smaller peak around
the end of October (Fig. 3.2). The timing of passage bwidual species followed that
expected from texts such as Jones (2003) and can be ronighjyreted in terms of early,
average and late migrants from Table 3.1. The phenologthree transient species is
illustrated in Fig. 3.3 and demonstrates differential gmioetween species, as well as
providing new information on Empidonax flycatchers iliZ2e(Lee Jonepers. com
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Figure 3.2 Autumn migratory phenology of all Neotropical migrantésarded in NE Belize
based on two methodologies; 1) mist-net captures atldadsrected for mist-net effort and
tape lure use; 2) observations from 500 m transects #ld.aDays with zero values are a
consequence of no mist-net or transect effort anda@ran absence of migrants.
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Figure 3.3 Phenology of the Swainson’s Thrush, Willow Flycaticand Alder Flycatcher in
NE Belize based on mist-net captures from La Isla.
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Table 3.1 Relative abundance of Neotropical migrant landbirdsnio forest types and at
different periods during autumn migration in NE Belize. Abumudais expressed as the
number of individuals/km? as estimated from fixed width sesuts (500 m x 25 m). Forest
types are abbreviated as Dry Forest = Tropical senigegs broadleaved forest and Moist
Forest = Tropical evergreen seasonal broadleaf fdPestods are defined as five day periods
either side of the following dates: early =3ugust; mid = # October; Late =1 November
and where All is the mean across all transects watietdreen 28 August-13' November.
The number of 500 m transects used for estimates is ipik@ackets next to period. Species
that were primarily transients in the study area leavdollowing their common name.

Dry Forest Moist Forest
Common Name All (43) All (28)
Yellow-billed Cuckoo 10 3.7 0.0
Eastern Wood-Peewee 20 80 93.0 8 40 17.1
Acadian Flycatcher 9.3 8 2.9
Alder Flycatcher 20 5.6 0.0
Willow Flycatcher 0.0 8 2.9
Least Flycatcher 50 30 37.2 24 8 11.4
Empidonax sp. 7.4 26.7 8 8 11.4
Great-crested Flycatcher 3.7 13.3 8 5.7
White-eyed Vireo 20 180 55.8 8 32 14.3
Yellow-throated Vireo 10 11.2 0.0
Red-eyed Vireo 53.3 50 24.2 146.7 16 37.1
Gray-cheeked Thrush 0.0 8 2.9
Swainson's Thrush 10 18.6 8 40 171
Wood Thrush 0.0 0.0
Gray Catbird 50 16.7 80 28.6
Warbler sp. 53.3 40 70 50.2 8 8 5.7
Blue-winged Warbler 1.9 0.0
Tennessee Warbler 30 20.5 24 8.6
Northern Parula 50 20 27.9 8 2.9
Yellow Warbler 106.7 30 50.2 66.7 14.3
Chestnut-sided Warbler 10 7.4 0.0
Magnolia Warbler 30 280 128.4 16 96 40.0
Black-throated Green Warbler 20 24.2 8 2.9
Blackburnian Warbler 1.9 0.0
Yellow-throated Warbler 13.3 1.9 13.3 8 5.7
Bay-breasted Warbler 1.9 8 2.9
Black-and-white Warbler 20 20 26.0 24 40 22.9
American Redstart 110 90 65.1 26.7 168 160 122.9
Prothonotary Warbler 20 13.0 0.0
Worm-eating Warbler 0.0 13.3 16 8.6
Ovenbird 50 40 35.3 8 16 8.6
Northern Waterthrush 50 160 78.1 32 40 25.7
Louisiana Waterthrush 0.0 26.7 5.7
Kentucky Warbler 1.9 16 8 8.6
Common Yellowthroat 30 18.6 8 2.9
Hooded Warbler 220 140 120.9 56 48 37.1
Canada Warbler 10 1.9 0.0
Yellow-breasted Chat 30 10 13.0 0.0
Summer Tanager 20 20 11.2 0.0
Scarlet Tanager 10 1.9 0.0
Rose-breasted Grosbeak 9.3 0.0
Indigo Bunting 80 29.8 0.0
Total Migrants/Km? 226.7 870.0 1370.0 1028.8 333.3 440.0 696.0 477.1
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Species abundance & habitat preferences

Estimates of migrant abundance by habitat type calclifiten transect data are given in
Table 3.1. Examination of Table 3.1 suggests that diffeebetween ‘dry forest/milpa’ and
‘moist forest’ exist both in terms of species composi and abundance. Many of these
differences reflect those found during winter for winigrispecies (see Chapter 5). For
transient species, limited observations restrict tetermination of habitat preferences,
although the Eastern Wood-Pewee apparently preferred te open dry forest/Milpa
relative to the closed moist forest whilst Red-eyede®i showed the reverse pattern
(differences not significant, P>0.05, but this may be dua fack of power). Several transient
species were only observed in dry forest but with s@rmeymoist forest restricted to just
three days this is probably an artefact of the metloaggo Transects carried out in Mangrove-
Savannah are not summarised in Table 3.1 but generaflfexe migrants of either wintering
or transient species were observed, such that thentatder of individuals expected in 1 km?
on an average autumn day was just 63.5 versus 477.1 in maist. fdiso excluded from
Table 3.1 are diurnal (daytime) migrants recorded migratuay the study area, instead their
relative abundance can be assessed from Table 3.3.

Mist-netting data revealed similar patterns to theeplaional data but a number of
species were detected at higher rates by mist-nets. ekample, Alder and Willow
Flycatchers were abundant according to mist-netting datawere rarely detected during
transects. Other species detected more regularly byngistincluded all four ‘thrush’
species, Chestnut-sided Warbler, Prothonotary WarBleminson’s Warbler, Worm-eating
Warbler and Ovenbird. Mist-nets also detected eight nagyapecies that were not observed
on transects whilst only two species were detecteelysoh transects. The mist-netting site
covered two main habitats, dry forest and mangrovensave and approximate habitat usage
can be assessed from Table 3.2, although it must be inommad that mist-net effort can not
be standardised between habitats unlike transect dat.p@&tcentage of adults in the
population is also expected to give an indication oflelgtat preferences - if the percentage
is low i.e. <10% then experienced adults may be actiediding the area/habitat whilst
percentages >25% suggest that adults are equally as likehettheisarea as inexperienced
immature birds. For species known to winter in the staiha, the proportion of transient
individuals versus those that remained in the area @arevaluated by examining the
percentage of birds that were later retrapped in TableF&2most species recaptures rates
were low suggesting a high proportion of transients.

Taking into account both the transect data and misiagetiata, we estimated the
number of individuals by species using the corridor duringagg@sg¢see Table 3.2 & 3.4).
Note that these estimates are conservative asagmyme a 100% detection rate in the area
surveyed, which is unlikely for both methodologies, esfigcthe mist-nets (this probably
explains why the estimates from mist-nets are Ialwan those from transects).

Energy reserves, fuel deposition rates and stopover behaviour

In Table 3.5 percentages of birds by fat/fuel store laxelgiven for the commonest transient
species and for the American Redstart, a common ‘wigiespecies with a large transient
population. Birds with ‘small’ stores are expected tarfoge likely to stopover in the corridor
and replenish fuel stores than those with medium to laegerves. Table 3.5 also details
whether fuel reserves differ by age or habitat. Dudoto recapture rates, it is difficult to
determine the length of stopovers made by migrantsicahridor or to determine the rates at
which they refuelled during such stopovers. In Table 3.&yeker, are mean FDRs and
minimum stopover durations for a range of species bas#teacaptures obtained.
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Table 3.2 Total mist-net captures during autumn migration at La #sid by habitat. The

percentage of birds retrapped gives an indication of turn@ates and stopover behaviour,
whilst the percentage adults may give an indication bftdtapreferences (see discussion).
‘Corridor total’ is an estimate of the number of induals by species passing through the

proposed corridor during an autumn (for generation of estgsde methods).

Chuck-will's Widow Caprimulgus carolinensis 1 1 0 10 2286
Eastern Wood-Peewee Contopus virens 20 12 7 1 0 10 45,714
Yellow-bellied Flycatcher Empidonax flaviventris 1 1 0 0 2,286
Acadian Flycatcher Empidonax virescens 16 4 9 3 0 0 36,571
Alder Flycatcher Empidonax alnorum 35 21 11 3 3 11 80,000
Willow Flycatcher Empidonax traillii 70 45 18 7 6 0 160,000
Trail's Flycatcher Empidonax trailli/alnorum 43 33 8 2 2 5 98,286
Least Flycatcher Empidonax minimus 6 2 3 1 0 0 13,714
Great Crested Flycatcher Myiarchus crinitus 3 1 2 0 0 6,857
White-eyed Vireo Vireo griseus 56 27 16 13 13 31 128,000
Yellow-throated Vireo Vireo flavifrons 11 4 6 1 0 55 25,143
Philadelphia Vireo Vireo philadelphicus 5 4 1 0 40 11,429
Red-eyed Vireo Vireo olivaceus 92 26 56 10 1 33 210,286
Yellow-green Vireo Vireo flavoviridis 7 3 4 0 14 16,000
Veery Catharus fuscescens 6 6 0 17 13,714
Gray-cheeked Thrush Catharus minimus 6 5 1 0 33 13,714
Swainson's Thrush Catharus ustulatus 50 15 26 9 0 29 114,286
Wood Thrush Hylocichla mustelinus 7 5 2 14 14 16,000
Gray Catbird Dumetella carolinensis 96 53 25 18 9 29 219,429
Blue-winged Warbler Vermivora pinus 3 3 0 33 6,857
Golden-winged Warbler Vermivora chrysoptera 3 1 2 0 33 6,857
Tennessee Warbler Vermivora peregrina 25 14 6 5 4 0 57,143
Northern Parula Parula americana 2 2 0 0 4,571
Yellow Warbler Dendroica petechia 36 34 2 8 14 82,286
Chestnut-sided Warbler Dendroica pensylvanica 13 4 8 1 0 15 29,714
Magnolia Warbler Dendroica magnolia 81 31 37 10 14 23 185,143
Black-throated Green Dendroica virens 12 8 2 2 0 0 27,429
Blackburnian Warbler Dendroica fusca 1 1 0 0 2,286
Yellow-throated Warbler Dendroica dominica 1 1 0 10 2,286
Prairie Warbler Dendroica discolor 1 1 0 0 2,286
Palm Warbler Dendroica palmarum 1 1 0 0 2,286
Bay-breasted Warbler Dendroica castanea 2 2 0 50 4,571
Black-and-white Warbler Mniotilta varia 61 17 39 5 15 26 139,429
American Redstart Setophaga ruticilla 70 45 22 3 6 30 160,000
Prothonotary Warbler Protonotaria citrea 65 28 35 2 9 21 148,571
Worm-eating Warbler Helmitheros vermivorus 20 5 13 2 15 37 45,714
Swainson's Warbler Limnothlypis swainsonii 6 4 2 33 17 13,714
Ovenbird Seiurus aurocapillus 46 11 26 9 22 15 105,143
Northern Waterthrush Seiurus noveboracensis 105 56 42 7 42 45 240,000
Kentucky Warbler Oporornis formosus 7 7 0 29 16,000
Common Yellowthroat Geothlypis trichas 22 12 3 7 45 27 50,286
Hooded Warbler Wilsonia citrina 60 10 40 10 18 13 137,143
Canada Warbler Wilsonia canadensis 3 1 2 0 67 6,857
Yellow-breasted Chat Icteria virens 11 6 4 1 27 0 25,143
Summer Tanager Piranga rubra 21 3 15 3 5 43 48,000
Scarlet Tanager Piranga olivacea 9 4 2 3 0 33 20,571
Rose-breasted Grosbeak Pheucticus ludovicianus 4 2 2 0 25 9,143
Indigo Bunting Passerina cyanea 24 19 4 1 0 46 54,857
Totals 1252 576 529 147 2,848,000
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Table 3.3 Diurnal migrants recorded passing over the study aréa &la, NE Belize. The
‘Total observed’ includes all individuals recorded overhegither on transects or
opportunistically. Whilst these data do not come frametl counts, they are expected reflect
the relative abundance of diurnal migrants passing oeesttidy area.

Total Observed

Common Name Scientific Name

Swallow-tailed Kite Elanoides forficatus 1
Broad-winged Hawk Buteo platypterus 1
Chimney Swift Chaetura pelagica 22
Cliff Swallow Petrochelidon pyrrhonota 14
Eastern Kingbird Tyrannus tyrannus 474
Northern Rough-winged Swallow Stelgidopteryx serripennis 8
Purple Martin Progne subis 361
Bank Swallow Riparia riparia 12
Barn Swallow Hirundo rustica 679

Table 3.4 Estimated number of transient individuals by specieagusihe proposed NE
biological corridor during autumn migration. Only speciesvithich estimates were >100,000
are included, whilst the ‘total’ is for all speciesoeted. Estimates are based on transect data
having corrected for the number of birds expected to iremathe corridor in ‘wintering’
species (see methods). The area of available hatdtstas follows: Dry Forest = 60 km?;
Moist Forest = 350 km?; Mangrove/Savannah = 250 km?.

Eastern Wood-Peewee Contopus virens 334,884 360,000 0 694,884
Least Flycatcher Empidonax minimus 133,953 240,000 0 373,953
Empidonax sp. Empidonax sp. 26,168 234,419 34,473 295,060
Great-crested Flycatcher Myiarchus crinitus 13,395 120,000 0 133,395
White-eyed Vireo Vireo griseus 175,814 262,500 0 438,314
Red-eyed Vireo Vireo olivaceus 86,123 771,522 0 857,645
Swainson's Thrush Catharus ustulatus 66,977 360,000 0 426,977
Gray Catbird Dumetella carolinensis 54,628 543,750 287,868 886,246
Warbler sp. Parulidae sp. 180,837 120,000 0 300,837
Tennessee Warbler Vermivora peregrina 70,727 172,800 0 243,527
Northern Parula Parula americana 100,465 60,000 0 160,465
Yellow Warbler Dendroica petechia 165,767 275,000 0 440,767
Magnolia Warbler Dendroica magnolia 399,380 725,926 91,503 1,216,809
Black-throated Green Warbler  Dendroica virens 87,070 60,000 0 147,070
Yellow-throated Warbler Dendroica dominica 6,698 120,000 0 126,698
Black-and-white Warbler Mniotilta varia 79,933 409,180 0 489,113
American Redstart Setophaga ruticilla 221,023 2,432,571 0 2,653,595
Worm-eating Warbler Helmitheros vermivorus 0 153,000 0 153,000
Ovenbird Seiurus aurocapillus 99,592 140,870 0 240,461
Northern Waterthrush Seiurus noveboracensis 163,423 313,714 184,538 661,675
Louisiana Waterthrush Seiurus motacilla 0 120,000 0 120,000
Kentucky Warbler Oporornis formosus 6,698 180,000 0 186,698
Common Yellowthroat Geothlypis trichas 36,533 32,727 57,754 127,014
Hooded Warbler Wilsonia citrina 355,535 637,000 0 992,535
Summer Tanager Piranga rubra 38,272 0 67,227 105,499
Indigo Bunting Passerina cyanea 107,163 0 0 107,163
Total 3,288,068 9,081,551 723,363 13,092,981

37



Table 3.5 Fuel stores in five transient species and in the risauie Redstart, a species that
both wintered and occurred in large numbers as a tranBieel stores were first expressed as
a percentage of lean body mass (LBM) to facilitatessfspecies comparisons and then
classified as either: Small = 0-10% of LBM; Medium = 10-30P4A.BM; Large = >30% of
LBM. The influence of age and habitat (both contairtwg levels, immature/adult and dry
forest/mangrove savannah respectively) on fuel stwesstested using a general linear model
containing both terms - the resulting P-values and icaafts are given below.

Fuel Reserves Tests for factors influencing fuel re  serves

S c 1=

© o o o o ©

G = 3 5% 15

: )

< < < Age 2 S Habitat 58

Willow Flycatcher 89.0 9.6 14 * * P =0.881 0.17
Alder Flycatcher 86.1 13.9 0.0 P =0.031 3.99 P =0.176 1.74
Red-eyed Vireo 457 44.6 9.8 P=0.723 0.49 P =0.031 -3.20
Swainson's Thrush 33.3 510 157 | P=0.049 3.54 P =0.030 4.25
Prothonotary Warbler 423 46,5 11.3 | P=0.889 -0.27 P =0.607 -0.84
American Redstart 742 258 0.0 P =0.079 1.83 P =0.990 -0.01

Table 3.6 Mean fuel deposition rates (FDRs) and minimum stopdueaitions by species, as
calculated from all recaptured individuals in transient isgeand only for birds displaying a
visible increase in fat in known ‘wintering’ speciddean FDR is expressed as the percentage
of lean body mass accumulated per day whilst the MeanFB/ excludes birds with
negative FDRs. Max FDR is the fastest rate recorde@aich species. Mean Stopover
durations were calculated from minimum stopover duratioksMax Stopover is the longest
duration recorded by species. For Willow Flycatcheredhfrails Flycatcher were included in
calculations, two of which were most probably Willem measurements and one that fell
directly between Willow and Alder.

N Mean Mean Max FDR Mean Stopover Max Stopover

FDR +ve EDR Duration

Willow Flycatcher 6 2.23 2.23 3.50 1.3 8
Red-eyed Vireo 1 5.13 5.13 5.13 1 1
Wood Thrush 1 0.82 0.82 0.82 5 1
Tennessee Warbler 1 -2.54 * -2.54 1 1
Yellow Warbler 3 -0.41 1.44 1.48 6.7 14
Prothonotary Warbler 5 -1.64 1.00 2.14 2.2 4
Worm-eating Warbler 2 1.97 1.97 3.10 1.2 6
Ovenbird 1 0.86 0.86 0.86 6 6
Northern Waterthrush 3 3.66 3.66 6.27 2.7 5
ALL BIRDS 23 084 2.14 3.26
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Flight ranges

Flight ranges were calculated for three species in ciaepresent the range of possible
onward migration strategies in migrants present in théysarea. It is important to note that
the ranges plotted in Fig. 3.4 are maximum ranges for tlem dgvel of fuel, however, with
favourable winds these distances could be extended. lRossivard strategies are to fly to
forested areas in eastern Honduras and north-eastabjiear(350-700 km) or directly to
South America e.g. north-west Colombia (1700 km). For Bed-&ireos and Prothonotary
Warblers with large fuel stores, a flight direct to $oAimerica is possible while birds with
small/medium sized stores would be expected to make amererstops.

Discussion

Large numbers of Neotropical migrants were both obseara trapped in the study area
during autumn migration, confirming that north-east Bellée® the rest of Belize, provides
stopover habitat for many passage migrants (Jones 2003ysanath the known role of the
wider Yucatan region as a major arrival point/flyway rds crossing the Gulf of Mexico
(e.g. Cursonet al 1994). Whilst the presence of migrants indicates thea'siregion’s
importance during autumn migration, we must answer furthgrgkestions to address the
potential role of the proposed corridor in the mainteaanf migratory landbird populations.
These include questions such as the relative abundaspe@és of concern and defining the
area in terms of stopover site categories (see Mehénhal. 2005) — is the corridor just a
convenience store or does it qualify as a full servatel?

Which species are using the corridor? Composition, abundance, habitat use and timing
Eighty-four species of Neotropical migrants were recomi@thg autumn migration of which
the majority were landbirds (63). These totals indithé the proposed corridor plays host to
the majority of landbird species that migrate from bioeeal and eastern regions of North
America to Central and South America. The same cabhaataid of all regions of Central
America, for example, in Honduras many migrants aretHermost part only observed in a
relatively thin strip along the Caribbean coast ane wrtually absent from the interior
(Howell & Webb 1995). In this respect, the study area isggephically important for
migratory birds and may be more heavily used than 8&i#lser inland, e.g. the Peten, that
hold larger areas of suitable stopover habitat.

Whilst the corridor plays host to a diverse set afremts, it is important to assess
relative abundances and interpret this information efation to population size and
conservation status. Overall our estimates suggesthéagiroposed corridor may be used in
some form another by anywhere between 2.8-13 milliansient individuals. Given that both
of our estimates were based on conservative assumptichsas a 100% detection rate within
25 m during transects, true estimates may be >20 mili@setb on a mean detection
rate/meter of 0.59 for a 25 m strip, as calculated fromctete functions generated by
Distance for American Redstart and Magnolia Warbletteving in dry forest in Chapter 5).
Determining the significance of these estimates fedlif as no precedent for doing so exists,
however, we can refer to the Important Bird Areaeciat laid out by Birdlife International in
which a congregation of over 20,000 waterfowl or an ane# holds over 1% of the global
population of a congregatory species are both qualifyingriai In this respect, our estimates
of around 20 million individuals would appear worthy of atitamt

Several species of concern occurred in the corrideg {@ble 1.1) and noteworthy
were the large numbers of Willow Flycatcher (~5% ofriédgopulation) and Prothonotary
Warbler (~8% of World population) recorded (Table 3.2). Bothhese species are on the
America to Watch List as species in decline (But@teal 2007) and the corridor may reflect
the importance of the wider Yucatan region as a stoptorethese species. Five further
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species in decline were recorded in lesser numbers, Wboash, Prairie Warbler, Bay-
breasted Warbler, Kentucky Warbler and Canada Warbiertlee corridor is unlikely to play
a significant role in the maintenance of their popatai The same would appear to be true of
two Near Threatened species recorded, Golden-winged Wanndke Olive-sided Flycatcher,
although the conservative estimate of 6,857 individualsHerformer represents 3% of the
global population (210,000) and thus must not be dismissed. Wihdgt may not be of
concern now, other species that have either showdugraleclines, e.g. American Redstart
(Fig. 1.3), or regularly use increasingly threatened feckktabitats, appear to use the corridor
in large numbers. For example, amongst the primarilgsieat species, Red-eyed Vireo,
Swainson’s Thrush and Eastern Wood-Peewee were highipdant, whilst amongst
‘wintering’ species American Redstart, Magnolia Warblooded Warbler, Gray Catbird
and Northern Waterthrush all appeared to have largagramopulations.

Migrants used a range of habitats in the study ared, thé highest abundances
apparently occurring in dry forest (Table 3.1), whilstasaah/mangrove habitats supported
very low numbers. Having said this, mangrove habitatsldring both forest and savannah
produced high capture rates of both Willow Flycatcher aiadhBnotary Warbler (Table 3.2)
and thus the mangrove component of this habitat mugbenaggnored. Generally composition
and abundance were similar between the two forest gy®eyed, indicating that the results
from the more intensively surveyed dry forest can beegdised to other forest types.
Overall, our results suggest that forests of all typsduding mangrove, are heavily used
during migration in preference over open habitats suckasanna and most likely areas of
open agriculture.

The timing of migration by different species reflechstt recorded in a number of
different texts (e.g. Jones 2003), however, due to thar nseparability in the field, such
information was largely lacking for the Empidonax Flptetrs. The information presented
here fills that knowledge gap not just in terms of timimg also with respect to the relative
abundance of the two species. This study also confingis passage through the northern
half of the Yucatan, and for the Canada Warbler ag, weth of which had not been
confirmed prior to the publication of Howell & Webb (1995).

How does stopover behaviour vary between species?

Whilst the proposed corridor area is heavily used bysieab migrants during autumn
migration, it is important to ask how birds are usingdhea. To assess use we must draw on
a variety of data including the magnitude of fuel stores,percentage of birds retrapped, the
percentage of adults in the population, stopover duratiahsadence for fuel deposition.

In Table 3.5 the fuel stores of six common passage ntignee assessed and two
patterns emerge. For the Empidonax flycatchers theriyagd birds were carrying small fuel
stores, whereas in contrast around half the populatiéted-eyed Vireo, Swainson’s Thrush
and Prothonotary Warbler were carrying medium or latgees, with just under half carrying
small reserves. To some extent the American Redftigtbetween these two patterns but
tends towards that for Empidonax. For individuals withlsreaerves the corridor would be
expected to provided important resources facilitating #aenishment of depleted fuel
stores, whilst for birds with medium or large storés torridor was probably acting like a
convenience store: somewhere to briefly top up resebefore moving on. Under this
interpretation the corridor would be expected to be goitant stopover site for Empidonax
flycatchers whilst for species like the Swainson’sush, the majority of birds may already
have replenished their reserves further north on theatdn having crossed the Gulf of
Mexico. The size of reserves was found to vary inesepecies with age and it is apparent
that adults generally carried more fuel and thus mayteely lesser degree on the corridor
than immature birds. Habitat, in terms of dry forest mangrove/savannah, had a limited
affect on fuel reserves between species, although @inSen’s Thrush birds with larger
reserves tended to be trapped in the forest.
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Based on the evidence from fuel stores we would ex@aging proportions of each
species’ population to stop in the study area to refuelo@k for evidence of such stopovers,
we must first check to see whether birds were retrapfhedtaeir initial capture. Recapture
rates were actually very low for transient specief0f%) and only reached higher levels in
species with wintering populations. This could be integuteds a low rate of stopover,
however, it is more likely a function of the probabpilbf recapture. Mist nets were located in
a large area of continuous habitat and consequentlgiitianoved just 250 m from the mist-
netting area, it would be extremely unlikely to be ngped. Even for birds that were trapped
a second time and thus had remained in or close tordpping area, the probability of
recapture on any given day was 0.41. Differentiating betveetow stopover rate or a low
recapture rate is not possible here and further studyqisired to explore this question. For
those individuals which were recaptured (see Table 3.6)e tk a general trend of increasing
body mass/fuel stores at low to medium rates (in cosgario other studies e.g. Schaub &
Jenni 2000), indicating that some birds were using thedoorto refuel. The mean stopover
duration (3.26 days) suggests a relatively short stop, howéveve consider the low
recapture rate and that the method of calculating stopalaation consistently
underestimates durations by around 50% (interpreted frony Balqumsey 2007), stopover
durations may be closer to six days. A stopover oflaiss combined with the mean positive
FDR for all species, gives an increase of fuel clas&3% of LBM, giving birds a moderate
level of fuel to continue their journey.

A final measure of corridor use by different speciethés percentage of adults versus
immatures in the population. In theory, experienced adhtisild be better at optimising their
migratory behaviour, thus an increasing percentage ofsasidpping over in an area should
indicate increasing importance and quality (Ralph 1981). Ryrddilt birds are much more
likely to return to breed in the following year (e.g.liHes 2007) and thus sites essential to
their survival should receive more attention than ¢hesed by immature birds. Here we will
assume that the percentage of adults in the greater poputabetween 25-50% (Ralh al
2005) and thus values less than 25% indicate that stoppingirotee corridor is not an
optimal strategy. Of the 20 species with more than 20 capfust over half (12) had adult
percentages above 25% and they included species that in&seof evidence indicate use of
the corridor such as Red-eyed Vireo, Swainson’s ThrRsbthonotary Warbler, American
Redstart and Northern Waterthrush. Amongst those spettlesow percentages, were Alder
and Willow Flycatcher, and the Eastern Wood-Peewee.

Summary

The different lines of evidence presented here pointh& corridor being an important

resource to a diverse set of Neotropical migrants. txhow each species uses the corridor
varies and similar variation can also been seendmtvindividuals within a species. Thus for
many of the transient species, e.g. the declining Bnotiary Warbler, the corridor is used
both to rest between successive nocturnal flights itns lcarrying moderate to large fuel

stores and also by birds replenishing depleted fuel stioresality, the stopover behaviour of

species like the Prothonotary Warbler is likely to espnt a continuum of strategies, with the
needs of each individual varying between the two extserRer other species, the evidence
from fuel stores suggest that a much greater proportidgheopopulation may be using the
corridor like a full service hotel, e.g. the Wilow E§tcher, however an alternative
explanation must be considered. Whilst some speciestmigyaa series of long hops, others
may make much shorter flights and thus have no needctomatate large fuel stores. This

could be the case in Empidonax flycatchers whose feeztingpgy does not lend itself to

rapid rates of fueling and the accumulation of large weserThus while the corridor may

have an important function in facilitating this stgyeit is not one in a few sites used, as
would be the case for other species, but one of many.
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Percentage of Birds

The conclusions we have drawn here about the stratedibirds in NE Belize can
also be used to make inferences about migrants in ther wegion. The finding that typically
just over half the individuals trapped of certain speciesevearrying moderate to large fuel
stores, suggests that sites to the north of the stwdywere utilised by this portion of the
population to refuel. The logical conclusion would therefte that birds arriving to the
Yucatan from North America do so with varying levefsfueel after the long Gulf crossing
and thus some individuals must stop immediately on readqmpto refuel while others can
continue their journey south before needing to refuekiéw of this, much of the Yucatan
where suitable habitat exists is probably used by Meaal migrants to refuel and the
protection of a network of sites throughout the wider Yaicaegion is required to meet the
needs of migrants stopping over in the area. Such a retaloeady exists, with a
considerable area of the region already containednmitotected areas, however, gaps are
still likely to exist and a wider reaching assessmést@pover sites is required to ensure that
the key areas are protected.

On leaving the Yucatan, migratory species may needft@lragain before they reach
their wintering grounds. Once again we can utilise tfenmation on fuel stores to determine
which species might need to stop and where. In Fig. 3.thdwretical flight ranges for three
species with varying fuel levels are given. For Red-eyi#do and Prothonotary Warbler,
both of which winter primarily in South America, flighanges indicate that with a moderate
level of fuel, a flight as far as Honduras, Nicaraguaosta Rica is possible (500+ km) or
with a large fuel reserve, to South America (1750 km). Tiintise main transient species with
wintering ranges in South America, a one or two stagdeg)y appears most likely, with a
stopover potentially in the Mosquita of Honduras and Idigaa or along the Caribbean coast.

Red-eyed Vireo

Figure 3.4: Estimated flight ranges for three

Neotropical migrants according to their leve 3500
of fuel stores. Flight ranges (white lines) wer 3000
calculated using the Program Flight (se 8 2500
methods) and are plotted alongside tI @
percentage of birds with a given fuel loa ¢ 2000
(black bars), as calculated from birds trappe & 1500
at La Isla. The fuel status levels correspond  § 1000
fuel loads as follows: small = <10% of LBM; 500
Medium = 10-30% of LBM; Large = 30-50%
LBM; Very Large = > 50% LBM. 0
Small Medium Large Very Large
Fuel Stores
Prothonotary Warbler American Redstart
3500 3500
3000 3000
2500 £ g 2500 £
2000 Gé, - 2000 ‘é%
1500 & © 1500 &
c € =
1000 =2 8 1000 2
L 3 [
500 o 500
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CHAPTER 4

SPRING MIGRATION

Introduction

As was the case for autumn migration, there is lgtl@lence for which areas are used as
stopovers during spring migration in Central America. Miggaare believed to use two main
routes during spring migration, one which involves a t@uof flight leaving from the lower
Yucatan peninsula and arriving mainly in NW Mexico oxd® and a second following the
Central American landmass through Mexico to North Acaer For South American
wintering species a range of Central American stopoaersherefore available and a variety
of migration strategies are likely to exist. In theseaof Cerulean Warbler, this stopover
appears to take place in montane regions in Belize, Haacamd Guatemala (Parker 1994;
Weltonet al 2008), but this species is alone in being well studied depngg migration.

For those species that regularly cross the Gulf of déei spring, the accumulation
of a moderate to large fuel load is necessary to coenphet 1,400 km over-water flight.
Given Belize’s position at the base of the Yucatae,hypothesise that a number of species
may make a stopover here to prepare for the Gulf cgpssSirther, the Yucatan experiences
an increasingly severe dry season as one traveld mod as the timing of migration is
primarily at the height of the dry season, one would expestopover in the southern Yucatan
to be favoured over the northern part of the peningtda.individuals wintering in Belize,
undergoing pre-migratory fuelling for the crossing at thweintering sites would also be
expected to be favoured over travelling to sites funtioeth.

Identifying spring pre-migratory fuelling and stopover sitean important step for the
conservation of Neotropical migrants, as the succéspring migration has been identified
as a potentially population limiting factor (Newton 20060isTis not just in terms of survival
but also in terms of reproductive success, as arrivalsdahd condition on arrival can both
affect productivity. Indeed, it has long been known tlhat first males to arrive secure the
best territories and typically the best females (Agpischeret al. 1996), which in turn can
influence the number of offspring fledged. Recent worklinksed arrival times to wintering
habitat in American Redstarts, showing how resouraaladility in wintering habitats can
influence both arrival time and condition, such thatidioriginating from low quality habitats
arrive later, produce their first egg later and nurtureefeyoung to maturity (Norrigt al
2004). Factors affecting fuel deposition rates at stopotes, such as reductions in resource
availability, would therefore be expected to influenagration speed and consequently both
arrival time and reproductive output. In extreme casesremoval of suitable habitat close to
large barriers could greatly impact survival if birds wargble to accumulate sufficient fuel
to reach stopover sites beyond the barrier.

As was demonstrated in Figure 3.1 (Chapter 3), mortalitpyglumigration accounts
for the majority of annual mortality, therefore idémhg and protecting spring stopover sites,
especially those utilised prior to crossing the Gulf oéxddo, is crucial if we are to
adequately protect Neotropical migrants throughout thereyile.

Methods
Transects & general observations

Spring transect work began on thé"IMarch 2008 and the last transect was walked on the
14" May 2008. All transects were 500 m in length, were walked aimilar pace (Mean
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Transect Duration £ SD = 19.9 + 5.1 min; N = 60) and werergéiy carried out in the first
three hours after dawn (mean start time 6:15 am). Te¢wdmg of birds heard and seen was
carried out as described in Chapter 2. Transects watieccaut at two main sites, La Isla and
Shipstern Nature Reserve (see Fig. 2.2 & 5.1). At Lattslasects were walked on a near
daily basis in ‘dry forest’ (semi-deciduous tropical fardsw variant) intermixed with
regenerating Milpas (18% of transect). Shipstern wate#isin three occasions — 13/04/08,
26/04/08 & 05/05/08 — and on each visit 2 km of transects wekedval an area of mature
‘dry forest’ (semi-deciduous tropical forest high variamtdergrading with ‘moist forest’
(evergreen broadleaf tropical forest). In addition te tibservations made during transects,
opportunistic observations were made throughout the spring.

Mist-netting

During the spring study period, up to 26 mist nets were eremteass three habitats —
mangrove/savannah (10 nets), Black Mangrove (6) and degtfdow variant (10) (see Fig.
2.3). Mist-netting was carried out daily, weather allayifrom the 1# March — 14 May
2008. The number of nets opened on a given day varied depemdwegather conditions,
manpower and capture rate and generally Black Mangroveandtsnangrove/savannah nets
were opened only in combination with the forest raetd not simultaneously. In addition to
22 morning sessions, Black Mangrove nets were opened faftd&®oon sessions, starting
three hours before sunset on average. The mean daiffod + SD expressed in terms of
mist-net hours (1 mist-net hour = one 12m net x one heas)79.3 + 24.1. In total mist-nets
were operated for 4679 mist-net hours of which 2724 were infaigst, 1355.5 in
mangrove/savannah and 599.5 in Black Mangrove. Effort west constant in dry forest,
with an average effort of 47 + 10.6 mist net hours acs8sdays. Birds caught in mist nets
were processed according to the methods described in Cl2Zapfe increase captures, the
songs of two common passage species, Red-eyed Vireo dad Yearbler, were played at
low volume next to one net on certain days.

Migratory phenology

To examine the timing of migration, we primarily usedeaations of migrants from a 500
m transect (MI1) that was walked on a daily basis in fongst/Milpa near La Isla. To
differentiate between the presence of wintering anusieat birds, species that were observed
wintering in the area were examined separately. Iniadditin-corrected daily capture totals
of new birds from mist-nets placed in dry forest anmgared to observational data.

Estimating abundance from transect and mist-netting data

Transect data produced insufficient records for the ntgjofi species to use the program
Distance to estimate densities, so a conservativeoapprwas adopted to allow inter-habitat
comparisons and estimate numbers present in the stualyTdns involved treating transects
as 500 m long strips with a width of 25 m either side odratral line as described in Chapter
3. Within the two habitats surveyed, results from teatswere summed by visit for Shipstern
and multiplied to give estimates for individuals/km?, wha#ittransects carried out two days
either side of visits to Shipstern were processed ensdme way for La Isla. An average
number of individuals/km? across the whole spring was a#doulated from all transects

walked in both habitats, although in the case of Latlsk was restricted to transects walked
between 14 April — 14" May to reflect the main period of passage (see Fig. 4.1).

To estimate the total number of individuals of the cmmest species passing through
the proposed corridor during spring, estimates of individuaiskp@ for the whole spring
were multiplied by the number of days of passage (we raribyt chose 30 as this
approximates to the length of the main passage period4Hiy.and then by the number of
km? of available habitat (dry forest = 60 km?; moist fore850 km?). For transient species it
was assumed that individuals recorded on different days nmegréhe same individual, whilst
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for ‘wintering’ species, the number/km? was adjusted fog flercentage retrapped as
calculated from mist-net captures (see Table 4.2). Nwaitethese estimates do not account for
birds occurring in mangrove/savannah or rare habitatha corridor. For comparison, the
number of transient birds based on mist-net data was Gllculated, here a conservative
assumption was made that 100% of birds occurring in the 0.2nksténetting area were
captured and that the area of available habitat was 40QTladbRe 4.2). For wintering species,
retrapped birds were excluded from calculations.

Fuel loads, fuel deposition rates (FDR) and stopover durations

Fuel loads were calculated for eight commonly trapped nigrimiowing the methods in
Chapter 2 using first captures only. To represent theldadk of transient species caught in
low numbers, fuel loads were calculated for four South rigae wintering migrants, Veery,
Swainson’s Thrush, Bay-breasted Warbler and Scarleagea and combined to give the
variable ‘Transients’ in Table 4.4. Fuel loads werentpéaced into one of three fuel store
classes as follows: Small = 0-10% of LBM; Medium = 10-30%.BM; Large = >30% of
LBM. For individual migrants of all species that wereagtured more than once both FDR
and minimum stopover duration were calculated followingrtighods explained in Chapter
2. In the case of known wintering species, only recagtingividuals that showed an increase
in visible fat deposits between captures were includeshatyses. Estimates of both FDR and
stopover duration were then averaged within species andkrfown wintering species,
individuals were divided into two groups: 1) bird first trappe@®07 and therefore assumed
to be wintering birds; 2) birds caught for the first time2008 and therefore assumed to be
transients (see Table 4.5). Whilst some individuals hmaye been wrongly assigned to a
group, clear differences between groups are evident andhéudivision appears to reflect
biological reality.

Flight ranges

Flight ranges were calculated according to the methodsilols$en Chapter 2 for six species.
Calculations required an estimate of LBM (g), wing spah &nd wing area (m?), for which
the following values were used based on in-hand measutem et values accompanying the
program Flight 1.15 in the case of American Redstart.

Red-eyed Vireo:LBM = 0.18 + 0.182*Wing length; mean wing span (N = 5) = 0.234 m;
mean wing area (N =5) = 0.0108 m2.

Prothonotary Warbler: LBM = 6.1 + 0.080*Wing Length; Mean wing span (N = 4) = 0.202
m; Mean wing area (N = 4) = 0.0084 mz.

Indigo Bunting: LBM = 12.70; Mean wing span (N = 5) = 0.203 m; Mean wing ékea 5)
=0.0087 m2.

Northern Waterthrush: LBM = 7.31 + 0.098*Wing Length; Mean wing span (N = 3) =
0.218 m; Mean wing area (N = 3) = 0.0099 m?2.

Magnolia Warbler: LBM = 3.63 + 0.065*Wing Length; Mean wing span (N = 5) = 0.180 m;
Mean wing area (N = 5) = 0.0070 m2.

American Restart LBM = 3.29 + 0.061*Wing Length; Mean wing span (N = 5) = 0.195 m;
Mean wing area (N = 5) = 0.0078 m2.

Results

Species Composition

Between the 1% March and the 1% May 2008, 2188 individuals of Neotropical migrants
were recorded in the study area during mist-netting (842)secas and general observations
(1346 combined). These belonged to 67 species, the majbnthich were landbirds (54).
Of the landbird migrants 35% or 19 species are consideradidansés in Belize, while 50%
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can be considered as transients in the study areapdicentage of individuals that were
known transients varied markedly between methods, ftmin32% of 1395 migrants from
observations to 65% of 842 migrants trapped.

Species composition differed in a number of ways fromuran, with the occurrence
of three species known largely as spring migrants ire&gliones 2003), the Ruby-throated
Hummingbird, Mourning Warbler and Dickcissel. Other spediest were abundant in
autumn were conspicuously absent in spring, in particué@atrib of Empidonax flycatchers,
Acadian, Alder and Willow. Notable observations includkd sighting of a Golden-winged
Warbler (Near-threatened) and the capture of a Paintetiry (Near-threatened). Just prior
to the main spring migration period, over 110 Swallow-tiailéte were observed over
Sarteneja and were presumed to belong to the threatemdd Ainerican population.

Migratory phenology

Transient species began arriving as early as the hegimi March and early migrating
species such as Prothonotary Warbler and Ruby-throatechiihgbird had largely passed
through by the end of March/beginning of April. For thajonty of transient species,
however, the major movement occurred between tfeA0il and the 12 May, especially
during a concentrated ten-day period of movement centceth@rthe I May (see Fig. 4.1).
Whilst Figure 4.1 suggests that overall migrant abundance higis at the end of
March/beginning of April, both the low capture rate @wnbirds and lack of transients
suggests that these were primarily birds that had wahtieréhe area. In Figure 4.2, the large
contribution of both the Magnolia Warbler (winteringdatransient) and Yellow Warbler
(primarily a transient) to the peak in passage can &e. gyain the capture data show how
new Magnolia Warblers did not begin to arrive till &% April, whilst wintering birds were
present throughout.

Figure 4.1 Timing of passage at La Isla, NE Belize during springraign. Bars represent
the number of individual migrants observed on a 500 m tcandeough ‘dry forest’
intermixed with Milpa. The green bars represent onlywkmdransients whilst totals for the
black bars are expected to include wintering individualso Z&lues for observational data
generally indicate days on which the transect waswatked, e.g. 28 April. Raw capture
totals from mist-netting are provided to allow a congmaribetween methods (orange line).
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Figure 4.2 The timing of migration by Magnolia and Yellow Wangeat La Isla, NE Belize.
Bars represent daily totals observed on a 500 m tratisectgh ‘dry forest’ and regenerating
Milpa, whilst the orange line represents uncorrected; @apture totals of new birds from
mist-nets. Zero values for observational data gemeiralicate days on which the transect
was not walked, e.g. #6April and 5" May.

20 +
= Magnolia Warbler
—= Yellow Warbler

15 | Magnolia Captures

[
10 + ]

< .
[:| 1 1
Species abundance & habitat preferences

Both mist-netting and observational data indicate 8m@ing passage in NE Belize was
dominated by a small number of species and that therityagd species recorded only passed
in small numbers (Table 4.1 & 4.2). Observations and captiarforested habitats were made
up primarily of Magnolia Warbler and Yellow Warbler, witRed-eyed Vireo coming in
someway behind. In lesser numbers still were Tenae¥garbler, American Redstart and
Scarlet Tanager. Mist-net captures also indicate thatangrove habitats both Prothonotary
Warbler and Northern Waterthrush were passing in higtbetsn

Evidence for habitat preferences in transient speees indicated by both
observations and mist-netting (Table 4.1 & 4.2). The ovelWarbler, for example, was
markedly more abundant in dry forest versus moist fdrest observations, whilst mist-net
captures corrected for effort suggest that Black Mangrappats higher numbers than dry
forest. The mist-net totals by habitat must be a@atith caution as net placement can have a
significant affect on capture rates, often more son tleffort — nevertheless general
observations and findings from winter habitat surveys dertain species (see Chapter 5)
support the differences found from mist nets in Table 4.2.

In Table 4.3 estimates for the total number of indiMsluwd the commonest species
passing through the corridor in different habitats arergi¥¥nce these totals are adjusted for
the area of each habitat in the corridor, the conasbrspecies remain the same with
Magnolia Warbler being the most abundant and Yellow Waie second most. The total
for all species is greater than that for mist-netsTable 4.2 but this is due to the more
conservative nature of the mist-net estimate. Speemsrded mainly by mist-netting such as
Northern Waterthrush and Prothonotary Warbler would #ature in Table 4.3 if transects
had been carried out in mangrove and savannah habitats.
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Table 4.1 Spring migrant abundance by habitat and during differen¢ fperiods in NE
Belize. Abundance is expressed as the number of birdsrogrin 1 km? as estimated from
fixed width transects (500 m x 25 m). Forest types areeslalbed as Dry Forest = Tropical
semi-deciduous broadleaved forest (low variant) interthinéth regenerating Milpa and
Moist Forest = Tropical evergreen seasonal broad@atf intergrading into Tropical semi-
deciduous broadleaved forest (high variant). Periods areededs two day periods either side
of the following dates: early = T4April; mid = 26" April; Late = 8" May and where ‘Al
refers to the average across all transects carriecbetmteen 1% April — 14" May. The
number of 500 m transects used for estimates is giveraakdts next to period. Species that
were primarily transients in the study area havefalowing their common name.

Dry Forest Moist Forest
Common Name All (27) All (12)
Eastern Wood-Peewee 30 4.4 20 10 10.0
Least Flycatcher 10 10 4.4 10 3.3
Eastern Kingbird 15 0.0
White-eyed Vireo 3.0 10 3.3
Yellow-throated Vireo 0.0 0.0
Red-eyed Vireo 40 20 14.8 30 130 100 86.7
Veery 0.0 20 6.7
Swainson's Thrush 0.0 10 3.3
Wood Thrush 0.0 10 3.3
Gray Catbird 10 3.0 10 3.3
Warbler sp. 30 20 10 14.8 20 6.7
Golden-winged Warbler 0.0 10 3.3
Tennessee Warbler 10 90 70 63.7 50 150 66.7
Northern Parula 15 0.0
Yellow Warbler 20 280 400 253.3 20 10 10.0
Chestnut-sided Warbler 10 8.9 10 10 6.7
Magnolia Warbler 70 260 370 253.3 110 100 50 86.7
Yellow-rumped Warbler 0.0 0.0
Black-throated Green Warbler 20 15 20 20 10 16.7
Prairie Warbler 15 0.0
Bay-breasted Warbler 10 20 11.9 0.0
Black-and-White Warbler 20 3.0 10 30 13.3
American Redstart 20 50 20 22.2 80 50 20 50.0
Prothonotary Warbler 10 20 5.9 0.0
Worm-eating Warbler 0.0 0.0
Ovenbird 0.0 0.0
Northern Waterthrush 0.0 10 3.3
Mourning Warbler 10 15 0.0
Common Yellowthroat 10 3.0 0.0
Hooded Warbler 10 10 4.4 10 10 6.7
Summer Tanager 0.0 0.0
Scarlet Tanager 20 20 8.9 140 20 53.3
Rose-breasted Grosbeak 10 10 3.0 0.0
Indigo Bunting 10 19.3 20 6.7
Dickcissel 10 5.9 0.0
Baltimore Oriole 0.0 0.0
Total Migrants/Kn? 220 840 1010 718.5 340 770 240 450
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Table 4.2 Mist-net capture totals by species during spring migradboha Isla (total new)
and expected numbers by habitat if mist-net effort haenbequal to that in dry forest
throughout. The percentage of birds retrapped gives an wodicaf turnover rates and
stopover behaviour, whilst the percentage adult may givadication of habitat quality (see
discussion). ‘Corridor total’ is an estimate of the bemof individuals by species passing
through the proposed corridor during a spring (for generafiestonates see methods).

°
= ? D o g
2 5 88 & § = &
Common Name Scientific Name T L 25 %2 3] 3 2=
© 2 8z S o < o3
= o =Zw m= > > O+
Solitary Sandpiper Tringa solitaria 1 0 0 5 0 * 2,286
Yellow-billed Cuckoo Coccyzus americanus 1 0 2 0 0 100 2,286
Eastern Wood-Peewee Contopus virens 4 0 0 18 0 33 9,143
Least Flycatcher Empidonax minimus 1 0 0 5 0 100 2,286
Great Crested Flycatcher Myiarchus crinitus 1 1 0 0 0 86 2,286
White-eyed Vireo Vireo griseus 9 6 2 9 56 0 20,571
Yellow-throated Vireo Vireo flavifrons 2 1 2 0 0 50 4,571
Red-eyed Vireo Vireo olivaceus 82 73 6 27 1 78 187,429
Yellow-green Vireo Vireo flavoviridis 6 4 4 0 0 100 13,714
Veery Catharus fuscesens 10 5 6 9 0 40 22,857
Gray-cheeked Thrush Catharus minimus 3 1 4 0 0 33 6,857
Swainson's Thrush Catharus ustulatus 5 5 0 0 0 60 11,429
Wood Thrush Hylocichla mustelina 7 6 0 5 0 14 16,000
Gray Catbird Dumetella carolinensis 20 15 6 9 5 45 45,714
Blue-winged Warbler Vermivora pinus 1 1 0 0 0 0 2,286
Tennessee Warbler Vermivora peregrina 21 17 4 9 0 15 48,000
Northern Parula Parula americana 7 2 0 23 0 43 16,000
Yellow Warbler Dendroica petechia 136 80 34 177 3 35 310,857
Chestnut-sided Warbler Dendroica pensylvanica 5 5 0 0 0 0 11,429
Magnolia Warbler Dendroica magnolia 139 122 6 64 6 13 317,714
Yellow-rumped Warbler Dendroica coronata 4 0 8 0 0 50 9,143
Black-throated Green Warbler Dendroica virens 2 2 0 0 50 0 4,571
Bay-breasted Warbler Dendroica castanea 9 7 2 5 0 11 20,571
Black-and-white Warbler Mniotilta varia 15 10 6 9 27 47 34,286
American Redstart Setophaga ruticilla 21 11 8 27 10 48 48,000
Prothonotary Warbler Protonotaria citrea 28 10 18 41 14 25 64,000
Worm-eating Warbler Helmitheros vermivorus 1 1 0 0 0 100 2,286
Ovenbird Seiurus auricapillus 4 4 0 0 25 75 9,143
Northern Waterthrush Seiurus noveboracensis 45 11 18 114 20 35 102,857
Kentucky Warbler Oporornis formosus 1 1 0 0 0 100 2,286
Common Yellowthroat Geothlypis trichas 20 22 18 30 35 45,714
Hooded Warbler Wilsonia citrina 14 11 0 14 14 36 32,000
Yellow-breasted Chat Icteria virens 1 0 2 0 0 100 2,286
Summer Tanager Piranga rubra 1 1 0 0 0 100 2,286
Scarlet Tanager Piranga olivacea 5 3 0 9 0 80 11,429
Rose-breasted Grosbeak Pheucticus ludovicianus 3 2 0 5 0 67 6,857
Blue Grosbeak Guiraca caerulea 1 0 0 5 0 0 2,286
Indigo Bunting Passerina cyanea 25 9 6 59 8 44 57,143
Painted Bunting Passerina ciris 1 1 0 0 100 100 2,286
Totals 669 438 169 668 1,513,143

49



Table 4.3 Estimated number of transient individuals by species usgiegproposed NE
biological corridor during spring migration. Only species Wichich over 100,000 individuals
were expected to have passed through the corridor aed, lsthilst the ‘total’ is for all
species recorded during transects. Estimates are basgdnsact data, the assumptions of
which are detailed in the methods. The area of eatitahaavailable was estimated as
follows: Dry Forest = 60 km?; Moist Forest = 350 km?.

Common Name Scientific Name Dry Forest Moist Forest Corridor Total
Eastern Wood-Peewee Contopus virens 8,000 105,000 113,000
Red-eyed Vireo Vireo olivaceous 26,341 898,902 925,244
Tennessee Warbler Vermivora peregrina 114,667 700,000 814,667
Yellow Warbler Dendroica petechia 442,588 101,912 544,500
Magnolia Warbler Dendroica magnolia 426,475 851,079 1,277,554
Black-throated Green Warbler Dendroica virens 2,667 175,000 177,667
Black-and-White Warbler Mniotilta varia 3,911 102,667 106,578
American Redstart Setophaga ruticilla 36,190 475,000 511,190
Scarlet Tanager Piranga olivacea 16,000 560,000 576,000
Totals All Species 1,234,570 4,520,766 5,755,335

Energy reserves, fuel deposition rates and stopover behaviour

Levels of energy reserves varied between species, tatfisient species carrying large
reserves whilst a greater proportion of individuals imteiing species had low levels of
reserves (Table 4.4). Fuel reserves did not appear tosigmyficantly with age, although
there was a tendency for adults to be heavier, andatbieat in which a bird was trapped had
no significant affect on reserves in any species|€Tél4).

In Table 4.5 the fuel deposition rates of the majooityspecies are positive and
indicate that some birds were using the study area to fgain Mean minimum stopover
duration for retrapped individuals assigned to the transygatip was 6.2 days, which
supports the assertion that birds were stopping oveeisttluy area.

Flight ranges

Flight ranges were calculated for six species, ranging &otirely transient species, e.g. Red-
eyed Vireo, to species with both transient and wingemdividuals, e.g. Magnolia Warbler.
The resulting estimates in Figure 4.3 assumed still aiditons and thus real potential flight
ranges are expected to be longer as near-constasoedstéast trade winds during the spring
period increase flight speeds.
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Table 4.4 Magnitude of fuel reserves and analysis of factorectffg reserves in eight
migrants and a group of transients in NE Belize. Individpacies were chosen if they were
represented by more than 20 captures. The group of transiensists of four species that
winter in South America and were trapped in small numkges methods). Tests for the
affect of Age and Habitat on reserves were carriedusimg General Linear Models and the
resulting P-values and coefficients are given. Fuel veserels represent fuel loads (mass of
fuel expressed as a % lean body mass) between theifgldevels: Small = 0-10% of LBM;
Medium = 10-30% of LBM; Large = >30% of LBM.

Fuel Reserves Tests for factors influencing reserv. es
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Red-eyed Vireo 8.8 21.3 70.0 0220 26 0.186 -7.8 6.1 1.6
Tennessee Warbler 0.0 429 571 | 0.873 -05 0.333 -9.8 -2.2
Yellow Warbler 66.9 26.5 6.6 0.978 0.0 0.434 -1.5 0.9
Magnolia Warbler 58.2 313 104 | 0352 1.3 0.378 0.8 3.8
American Redstart 714 143 143 | 0.090 5.1 0.429 -3.3

Prothonotary Warbler 250 536 214 H 0.200 3.3 0.118 3.1
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Northern Waterthrush 31.1 444 244 | 0.010 3.7 0.920 -1.3 0.4
Indigo Bunting 28.0 28.0 440 | 0.152 4.2 0.077 -3.4 8.5
Transients - (SA) 3.6 25,0 714 | 0.242 -2.9 0.089 -7.3 6.8

Table 4.5 Mean fuel deposition rate (FDR = %Lean Body Mass aatated/day), minimum

fuelling duration (days) and potential fuel load (fuel magsressed as % of LBM) in all
species in which at least one bird was retrapped duringgspmigration in NE Belize. In

wintering species, individuals were divided into ‘winteritgyds or ‘transients’ depending on
whether they were trapped in the previous autumn (seeod®thMax FDR is the maximum
FDR recorded in each species. Fuel load = mean duratonded in transient individuals x
max FDR.

Wintering Transients

Common Name N Mean FDR Duration Mean FDR Duration Max FDR Fuel Load
American Redstart 2 1.39 17.0 2.33 39.6
Black-and-white Warbler 3 0.34 14.0 -0.29 4.0 2.35 9.4
Black-throated Green War 1 1.65 37.0 1.65

Hooded Warbler 1 2.31 7.0 2.31

Indigo Warbler 2 1.53 3.5 7.72 27.0
Magnolia Warbler 11 0.97 23.5 2.21 4.6 5.79 26.4
Northern Waterthrush 9 0.25 15.0 2.49 3.8 9.52 35.7
Painted Bunting 1 3.31 4.0 3.31 13.2
Prothonotary Warbler 4 0.71 3.0 2.53 7.6
Red-eyed Warbler 1 -7.56 1.0 -7.56
White-eyed Warbler 6 -0.21 9.3 0.86 10.7 2.42 25.8
Yellow Warbler 5 0.26 12.2 2.27 27.7
Common Yellowthroat 4 0.87 19.0 1.54

Grand Total 50 0.72 17.2 1.28 6.2 2.78 23.6
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Discussion

As in autumn a large number of migratory landbirds (53 sgeuwiere observed in NE Belize
during spring migration, however, aside a small group of epesgiany occurred at low
abundances. Further, the passage of many species wanttated in just two weeks at the
end of April and the beginning of May. This timing isrexbely similar to that recorded over
1400 km to the north-east in the Gulf states of TexasLandiana (Fig. 4.4) and suggests
that many species make the journey across the Gulflexdico shortly after arriving in
Belize. The fuel reserves and estimated flight rangestrfansient species support this
hypothesis, with most birds carrying sufficient fuelfoacross the Gulf and beyond (Table
4.4 & Fig. 4.3). Certain species occurring as both wirgesind transient birds in Belize were
recorded in large numbers (Table 4.1 & 4.2) and demonstraegpivocal fuelling behaviour
(Table 4.5) and thus for some species the corridor iy atkg@over site prior to the long flight
across the Gulf of Mexico.

Which species are using the corridor? Composition, abundance, habitat use and timing
The species composition of migrants during spring followed é&xpected from Jones (2003)
and included a number of species that for the most p&rtomeur as spring transients in
Belize such as Ruby-throated Hummingbird, Mourning Wardtet Dickcissel. The status of
transient Empidonax flycatchers in Belize is poorly wno(Jones 2003) and the capture of
not one Willow, Alder or Acadian Flycatchers relatiee>150 in autumn suggests that these
species are not passing through NE Belize, or all ag®ehost probably, at this time of year.
Of the 27 species recorded that are considered to beetriang the study area only four
species were either trapped or observed in significanbersm(occurring at >150 km? in a
habitat or period; Table 4.1): Red-eyed Vireo, Tennes¥eebler, Yellow Warbler and
Scarlet Tanager. A further four species were recorddéawar numbers and may have been
using the corridor in relatively large numbers, partidyl&rothonotary Warbler and Indigo
Bunting. Of the wintering species, evidence for thevalof a large transient population from
other wintering areas was only presented by the Magh@éirbler and Northern Waterthrush.
Overall abundance of transient birds throughout the dmrnivas estimated at around 5.75
million and given that the method used to reach thisnatt is likely to underestimate by
around 41% (see Chapter 3), the number may be closer tondi@b. The main contributors
to this total according to corridor wide estimatesudel in decreasing abundance, Magnolia
Warbler, Yellow Warbler, Tennessee Warbler and Rexit&fireo.

In terms of species of concern, only Prothonotaryrléa was recorded in large
numbers, otherwise just small numbers of Bay-breastadbMf and Wood Thrush were
recorded. In addition, there were singles of Golden-wing&bler (near-threatened) and
Painted Bunting (near-threatened).

Habitat use appeared to vary between those speciessuffitient observations to
indicate a difference. Both Red-eyed Vireo and Scadetder were observed in greater
numbers in ‘moist’ versus ‘dry’ forest, whilst the oppegpattern was true of Yellow Warbler
and Magnolia Warbler (see Table 4.1). Mist-net captures ot an ideal measure of
abundance due to variation in capture probability witlghiteof habitat and strong affects of
mist-net placement. However, some of the strongatioekhips in Table 4.2 are expected to
reflect preferences and it is evident that Northerneiharush favoured Black Mangrove
whilst Prothonotary Warbler favoured general mangralstats over forest.

The timing of passage in spring was remarkably concewltret a period between
mid-April and mid-May and 75% of new captures occurred inquast week either side of the
peak capture day (?%pril). Whilst a variety of transient species wengdlved in this peak
in passage, the main contribution came from Magnolh ¥ellow Warblers and to a lesser
extent by Red-eyed Vireos. Other transient species vemorded outside of this main period
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Percentage of Birds Percentage of Birds

Percentage of Birds

Figure 4.3 Estimated flight ranges for six Neotropical migraatgording to their level of
fuel stores. Flight ranges (white lines) were calcdlatsing the Program Flight (see methods)
and are plotted alongside the percentage of birds with en divel load (black bars), as
calculated from birds trapped at La Isla. The fuel stagusld correspond to fuel loads as
follows: small = <10% of LBM; Medium = 10-30% of LBM; Large 30-50% LBM; Very
Large = > 50% LBM.
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of passage, in particular the
Prothonotary Warbler (a 25+ =
known early migrant)
largely passed through 20 4
before this date and Scarle M
Tanager also began arriving IR
earlier in Apri. Some 157 i
species such as White-eye:
Vireo, Ovenbird, Worm-
eating Warbler and
Common Yellowthroat
were recorded primarily in

have departed from the are: 0 |

March and appeared to
by mid-ApriI A marked 10-Apr  15-Apr  20-Apr  25-Apr 30-Apr 5-May 10-May

Abundance

10 +

peal;( in fmigrr?}tion din rt]hef_las Figure 4.4: Timing of passage by the main transient speci
week of April and the first gaji;6 on the Gulf Coast of Texas and Louisiana (bleek) anc

week of May, as observe: in Belize (green bars) in 2008. Data extracted from &-bir
at our study site, has als

been observed on the Gu..

coast of North America in states such as Texas &). Indeed the phenology of migration
in this area is very similar to that recorded in Beland indicates that many species birds are
flying directly from Belize to North America withoutapping for any significant period of
time.

How does stopover behaviour vary between species?

With its proximity to the Gulf of Mexico, a major bar in the journey north for many
Neotropical migrants, we hypothesised that a varietyspdcies may use NE Belize to
accumulate fuel for the long over-water crossing. Whiis$ appeared to be true of some
species (see below), for many transient species, ialip#icose that winter primarily in South
America, the majority of birds arrived already cargyisufficient reserves for the crossing
(Table 4.4 & Fig. 4.3). The fact that these species haghdil fuelled up elsewhere also
explains why captures for many species were low. By wfagn example, th€atharus
thrushes that might have been expected to occur in laugebers, occurred at low abundance
and those individuals that were trapped were generallyiogritarge fat reserves (>30%
LBM). The Red-eyed Vireo was the main exception te, theing caught in large numbers but
like other transient species the majority of individuladgl large reserves. Indeed, potential
fight ranges indicate that 70% of Red-eyed Vireos coulc leowered the 1400 km to the
Gulf coast of North America (see Fig. 4.3) and around10%shé#tient reserves to reach
North America and penetrate 1500 km inland. For many gainspecies it would therefore
appear that NE Belize is used as an area to rest besueeessive nocturnal flights and is not
a key stopover site used to accumulate reserves of thieci®abing. Observations of ‘fat’
birds on release support this conclusion, with a numibandividuals flying just a short
distance to a tree/shrub providing cover and then remgaiminmobile, rather than
commencing feeding rapidly as many lean birds do.

Not all individuals/species arrived in the study aredwatge fuel reserves and in a
small group of species there is strong evidence for imdking a stopover in order to
increase their fuel reserves (see Table 4.5). In p&ticYellow Warbler, Magnolia Warbler
and Northern Waterthrush were trapped in large numbersdiapthyed clear evidence of
fuelling. There is also evidence for individuals that eveonsidered to have wintered in the
area increasing their fuel stores, which suggests timinmg areas have a crucial secondary
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role in providing the resources required to fuel migratiom.give an indication of the extent
to which birds were fuelling, the maximum rate of fugpalgtion by species was multiplied
by the mean duration between captures for transientidodis in Table 4.5. Combining
species (excluding the single Red-eyed Vireo with negatiess gain) and taking the mean
gives an average increase in fuel mass equivalent to 248arobody mass. This is close to
the fuel load required to cross the Gulf of Mexico and rgitteat the method of estimating
stopover duration typically underestimates durations byrat®0% (interpreted from Bayly
& Rumsey 2007), it is likely that individuals were accumugatsufficient fuel in the study
area to fly to North America without refuelling. It niiedso be considered that flights across
the Gulf are assisted by south-easterly/easterly tnadgs during spring migration and thus
ranges are likely to be greater than those in Fig. 4iGwvassumed still air conditions.

Summary

A wide variety of migrant landbirds were detected in shedy area during spring migration
and there are two clear strategies that emerge irspgkeies passing through. For many
species, especially transient species which are likehhave spent the winter in South
America, abundance was generally low and evidence froeh $tores suggests that a
refuelling stop was not required. Indeed, flight range estsnendicate that most individuals
could cross the Gulf of Mexico to North America befarstopover is required. For a smaller
group of species, large numbers of individuals were presetttei corridor and their fuel
reserves were generally small (Fig. 4.2), suggesting treib@over was required. In these
species, evidence from recaptured individuals showed thgtwkre both accumulating fuel
and remaining in the area for at least six days. Qunwifuelling rates with expected
stopover durations yields a final fuel reserve suffickntthe Gulf crossing. Thus for these
species, which include Magnolia Warbler, Yellow Warkégrd Northern Waterthrush, the
corridor is likely to act as a ‘full service hotel' duagithe spring, allowing birds to accumulate
the reserves required for the next stage of their nagralo a lesser extent this may also be
true of the declining Prothonotary Warbler, in whiddme individuals seemed to make a
stopover whilst others arrived with large reserves. the majority of species however, the
corridor is essentially acting as a ‘convenienceestan area where birds can pause their
migration between successive nocturnal flights whilsto gpotentially topping up their
reserves.

The important question arising from these findings, liene are birds accumulating
fuel for such a long journey if they are not stopping oweNE Belize? Two main areas
would appear likely: 1. NE Nicaragua/Honduras; 2. NortherntSAuterica. If the former is
the case, then the amount of fuel that must be accleduédt stopover sites would not be
much more than the loads birds arrive with in Belinespme cases, e.g. Swainson’s Thrush,
southern Belize may actually be used as a stopover; PE9Rd). Northern South America,
however, is approximately 1750 km from Belize and thus bwdsld be storing sufficient
fuel to cover a journey of over 3000 km. Whilst this isqilde — see Red-eyed Vireo flight
ranges in Fig. 4.3 — it would mean that birds are highly dégrgnon encountering resource
rich sites in northern South America and such siteddcbe crucial to the conservation of
long-distance Neotropical migrants. Determining the tiooaand ensuring the protection of
spring stopover sites is an important step if we areverse the declines of the last 40 years.
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CHAPTER 5

OVER-WINTER HABITAT USE

Introduction

Determination of habitat use and habitat quality footxepical migrants throughout their life
cycle has been recognized as a “priority research neeafter to direct conservation efforts
across their range (Donovan al. 2003; Ruthet al. 2003). In the case of tropical wintering
habitats this is particularly important because halgjtetlity during the winter months might
play a crucial role in limiting reproductive success oe kneeding grounds (Norrist al.
2003).

That conditions during the winter might be one of thatilng factors influencing the
populations of migratory birds has been called the “wilaitation hypothesis” (Sherry &
Holmes 1996). This hypothesis arises from the fact Mextropical migrants spend more
time in the tropics than anywhere else and that &ahiiodification is occurring there at a
faster rate than in the temperate breeding areastherefore assumed that conditions during
the winter months and changes in land use will affeetwinter survival and therefore might
have contributed to population declines in Neotropical amtg (Robbinset al. 1989).
Despite this, ‘comprehensive data on habitat availalaihd habitat-specific demography in
the winter period are lacking for most Neotropical miggaibut such information is needed
for a full assessment of the importance of the wipienod as a limiting season’ (Holmes
2007).

That overwinter habitats are limiting is supported bg thbservation that many
migrants are territorial in their non-breeding arestive competition between individuals
over territories/habitats can result in high qualitybiteds becoming saturated and
subsequently the habitat a bird ends up in, will determsneverwinter survival probability
(Sherry & Holmes 1996; Norrist al. 2003; Gunnarson 2005). By measuring the abundance
of migrants in different habitats we can begin to untders habitat preferences. Under certain
scenarios higher densities should indicate greater wgregipacity of a habitat and therefore a
measure of relative quality. However, this may notagkvbe true as dominant individuals
may be able to maximize survival by defending largeasia high quality habitat thereby
forcing subordinate individuals to occupy lower quality habitat higher densities. From a
practical point of view, determining the quality of thebhats available for different migrants
allows us to understand how habitat changes could affesttspecies and also how we can
mitigate any negative effects when planning for developnamd management in different
habitat types.

Interestingly, Neotropical migrants have been showuos® a great variety of habitats
both natural and human modified (Johnstral. 2006) and it has generally been found that
migrants, unlike resident species, are more resiliemmettain habitat modifications. Some of
these modifications, such as clearing forest for atitwm, may even enhance presence of
certain species adapted to open areas (Morton 1989;ePalit1989; Lynch 1989; Saab &
Petit 1992). Recent data, however, have shown that desigitant presence, these modified
habitats are of lower quality than their natural corpdds and that migrants using them have
lower survival rates and reduced reproductive success thrcaigiover effects. Habitat
modification may therefore lead to further population idesl in certain migratory species
(Norris et al. 2003; Johnsomrt al. 2006). Habitat quality may change through modification
but also through natural seasonal changes and thusnitp&tant to examine habitats at
different stages of the non-breeding season. For negigns where migrants winter, the dry
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season roughly coincides with the non-breeding season that differential drying of
habitats may impact on their quality to migrants (M&rdolmes 2001).

In Belize a number of studies, primarily based on theafisrist-nets, have produced
good baseline information on the presence of Neotrbpmgrants wintering in different
natural and human modified habitats (e.g. Lloyd & Evans 19@%it et al. 1989; Mills &
Rogers 1992; Krisher & Davis 1992; Piaskowski al. 2005). All of these studies give
estimates and proportions of migrants found in differeatitats, mostly for central and
southern Belize. There is a general consensus thaamtsgare using both fragments and
extensive forests, pastures and scrub, citrus plantatindsMilpas. However, aside from
studies by Lynch (1989a, 1989b) and Greenberg (1989), the reddivelance estimations
produced for Belize and the wider Yucatan to date have gpeeerated using mist-net data
and thus must be viewed with considerable caution dueetoiierent biases of utilizing mist
netting to census bird communities (Morton 1989). In caehtrstandard distance sampling
(point counts and transect surveys) gives a more eledtimate of general abundance and
can be used to calculate accurate densities of birdsdprguvihat the assumptions of the
methods are met (Morton 1989; Bucklagtcal. 1992).

In this study we attempt to fill an information gap abdlgotropical migrants wintering in
various habitats in the north-east portion of Belee,area not sampled for migrants before.
Our study area still held large tracts of intact natunabitats and therefore posed an
exceptional opportunity to evaluate migrant use of a &abiatrix that has largely escaped
human modification and therefore is expected to reflaties closer to “natural’ densities.
Unlike previous studies in Belize, we deployed distance sagnphethods to ensure that
comparisons between habitats and at different stagd®e imvinter could be made. Through
distance sampling in established transects, we produireat=t of migrant density for the
most common species across five different naturakdtsband one human modified habitat,
and we use these to make inferences about habitat quality

Methods

Distance sampling

To determine abundances of migrants wintering in Nodhbt Belize, we employed standard
distance sampling in established transects betweeRlthovember 2007 -4 March 2008
following the methods described in Chapter 2. Transeet® \placed in six different habitat
types (see Fig. 5.1) and were sampled at approximately egeahtervals during the winter
months. To detect variations in species compositioasgnce and persistence during the
winter in each of the habitat types, we divided the pdiam periods into early winter (21
November - 18 of December), mid winter (5January - 1% February) and late winter (18
February - ¥ March).

Vegetation structure

Vegetation structure was measured in each of the ftnastects (excluding savanna, black
mangrove and Milpa) as described in Chapter 2. This datadséo test if the habitat types

perceived by us and as described in the literature (M@e&n&abido 2001), were actually

reflecting differences in bird composition. To achiéivie we analyzed two sets of data:

1. Assuming changes in the bird community would reflechgés in habitat, we constructed
a matrix with the abundances of all the migrant birctssedetected per transect.

2. A matrix containing the habitat structure data perseat.
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Figure 5.1: Maps showing transect distribution in NE Belize. Masinsects are 500m in
length. Color marks indicate the starting point of etr@msect & blue tracks indicate the
route. The figure shows an enlargement of NE Belizethree detailed maps with transects
at study sites 1-4 (Fig 2.2). Transect letter codes comedsfmthe following habitats: FL &
KA = dry forest — low, S = Savanna, BM = Black Mangrovt = Milpa, SH = dry forest -
high and BJC = Moist forest.
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With these matrices we carried out independent clusedysas to group transects according
to their similarity in bird composition and in vegetati structure. Cluster Analysis was
carried out using program MINITAB, with parameters sed\a&sage linkage between groups,
distance calculated through correlation and displayed grédiphiceough dendrograms. This

enabled us to confirm our perception of the habitat typ#s the actual bird community

distribution within them and also to point out similest and differences in vegetation
structure.

Abundance and density by habitat

To represent overall abundance, encounter rates byespgere calculated. To achieve this,
the total number of detections/500 m transect in eabitahavas calculated first and then
corrected for the number of kilometers walked in eachitdia All habitats were then
combined to obtain an average encounter rate per spmuiess all habitats. To examine
species abundance by habitat, pie charts were creatdustyalculating the number of
individuals by habitat and then correcting for the taliastance of transects in each habitat.
These distance corrected totals, were then convertedaipercentage of the total across all
habitats (N.B. these abundances do not account foriniiffeates of detection between
habitats; see Table 5.2).

To examine abundance by habitat with greater accuvaeyist calculated the density
of migrant birds (regardless of species) by habitat uBIIHTANCE version 5.0 and the
allocations of transects to habitats described abbweconvert these densities by habitat into
corridor wide estimates of migrant populations we multbley the area available of each
habitat in the corridor — areas were calculated usingl8@nd a detailed map of ecosystems
in NE Belize (Meerman & Sabido 2001). Densities by labitere also estimated at the
individual species level when more than 20 records petatabere available. For all density
calculations we only used detections of birds made #fee28" January when distance bands
were modified to improve calculation of the detectiorveuisee Chapter 2) and to represent
‘late winter’ when habitats are expected to be ar thest limiting due the effects of the dry
season. In the models run in DISTANCE, habitats vetratified and models were selected
from the model set listed below using Akaike Informat@niteria and a Goodness of fit chi
probability value (Bucklancet al. 1992). The models presented in the results represent the
best-fitting model without a process of model averaging.

Model Set:

Uniform with cosine and simple polynomial adjustments

Half normal with hermite polynomial adjustment

Hazard rate with cosine adjustment

Seasonal persistence in habitats

To calculate migrant abundance at different stages oWwihier, we constructed a series of
matrices of number of individuals encountered in 25 m stiper side of all transects in a
given habitat across three periods (Earl§} Rtbv-13" Dec; Mid 18" Jan-18' Feb; Late 18
Feb-4" Mar) and corrected them for total transect lengthth&saim was to assess changes in
abundance within habitats with time of year, theres wa need to correct for detection
probabilities. To see if changes in abundance betweaterwperiods were significantly
different we carried out a GLM analysis having transied the count data with the following
formula: yi' = %2 (yi + vyi + 1), where yi' = transformed value, yi = obsergati The
transformation was reversed to calculate the abundahgelividuals shown in the graphs
with their standard errors.
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Figure 5.2: Cluster analysis showing differences in forest typesoming to vegetation
structure and common tree species composition in NEeB&iJC — Moist forest transects at
Balam; SH — Dry forest high transects at Shipsterrui¢aReserve; FL — Dry forest low
transects near La Isla; K&A — Dry forest low trartsezn Sarteneja Community Lands.

Figure 5.3: Cluster analysis showing habitat differences according nigrant bird
composition during the winter months in NE Belize. BMBlack Mangrove transects; FL —
Dry forest low transects near La Isla, K&A — Dry dst low transects near on Sarteneja
Community Lands; MI — Milpa transects, BJC — Moist forgansects at Balam; SH — Dry
forest high transects at Shipstern Nature ReserveS®/& Savanna transects.
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Results

Habitat differentiation through cluster analysis

Habitat clustering, both through vegetation structure/t@mposition and through migrant
species composition, confirmed the assignment of tcésise different habitat types (see Figs
5.2 and 5.3). The habitat separation therefore agreesthéthdescriptions found in the
literature and confirms that birds are perceiving thierdihces between habitats measured by
ourselves and through satellite imagery. To produce deoaltplations we adopted the
forest habitat clustering shown in Fig. 5.2, which esdhls utilise existing ecosystem maps
that also adopt these classifications to convert tjeastimates into population estimates for
the whole corridor by habitat. As migrants appeared twepee certain habitats as very
similar (see Fig. 5.3), when evaluating habitat use an@rpree we follow the groupings in
Fig. 5.3.

Abundance and density by habitat

We completed 84.7 km of transects and observed 2,225 individu2B kandbird migrant
species during the non-breeding season (Table 5.1). ®fréddl detected during transects,
regardless of habitat, 43.3% were migratory. Howeverpitaportion varied between habitats
with Black mangrove having the highest percentage of mtigras. residents (62.4%),
followed by dry forest — low (45.8%), then Milpa (40.0%), aaava (32.6%), moist forest
(28.6%), and lastly dry forest — high (27.5%). Overall aburelaracied markedly between
migrants with some species being highly abundant (Magh@éebler) and others occurring
only in very low numbers (Blue-winged Warbler; Table 5.Cpnsiderable variation also
existed in habitat use between migrants, with someiespepparently favouring Black
Mangrove whilst other were more generalist or favouregical forest (Fig. 5.4). Almost all
species were found in more than one habitat, sugges@githone habitat can ensure the
survival of most of the species found in the region.

The highest density of migrants during the winter montieying accounted for
different detection probabilities between habitatguo@d in Black mangrove with almost six
times more individuals than any other habitat (Tab®).5The forested habitats displayed
similar densities whilst savanna held the lowest diessof all habitats. According to our
habitat area estimates and to extrapolations fromdémsities obtained of migrants per
habitat, we expect that more than 2 million individusdend the winter in the proposed NE
Belize biological corridor.

Individual species densities per habitat were only cdledléor those individuals with
enough observations in each habitat type (Table 5.3)s Bhsence of a species from Table
5.3 does not necessarily mean that the species waetanted in that habitat, just not enough
times. Agreeing with the pattern found for overall migrdensities, Black mangrove had the
largest number of species with sufficient records anchifieest densities. Individual density
estimates by species indicate the degree of habitainkgest@n versus generalisation in each,
and could be useful in comparison to estimates from athegis/regions/habitat types. The
density of species such as Least Flycatcher and Wyete-®ireo indicate a preference for
disturbed habitats such as Milpa, whilst Hooded Warblet American Redstart favour
forested habitats and finally the Magnolia Warbler appeabe the ultimate generalist.
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Table 5.1: Encounter rate of migrant species detected per km cfdcaim all habitats during
the winter months in NE Belize 2008. Figures were obtalne adding the total number of
detections per transect and dividing by total distancereavin Km for every habitat type.
Afterwards all habitats were combined to obtain a gdrencounter rate by species. Species
are ordered from most encountered to least.

Species Scientific name TOTAL

Magnolia Warbler Dendroica magnolia 17.11
American Redstart Setophaga ruticilla 9.02
Gray Catbird Dumetella carolinensis 8.68
Black-throated Green Warbler Dendroica virens 7.64
White-eyed Vireo Vireo griseus 7.01
Northern Waterthrush Seiurus noveboracensis 6.99
Hooded Warbler Wilsonia citrina 6.09
Common Yellowthroat Geothlypis trichas 4.78
Northern Parula Parula americana 4.63
Black-and-White Warbler Mniotilta varia 4.45
Least Flycatcher Empidonax minimus 1.78
Yellow-rumped Warbler Dendroica coronata 1.64
Wood Thrush Hylocichla mustelinus 0.48
Summer Tanager Piranga rubra 0.44
Yellow-breasted Chat Icteria virens 0.3

Worm-eating Warbler Helmitheros vermivorus 0.28
Yellow-throated Warbler Dendroica dominica 0.23
Yellow-throated Vireo Vireo flavifrons 0.21
Ovenbird Seiurus aurocapillus 0.21
Kentucky Warbler Oporornis formosus 0.19
Yellow-bellied Flycatcher Empidonax flaviventris 0.13
Yellow Warbler Dendroica petechia 0.1

Blue-winged Warbler Vermivora pinus 0.05

Table 5.2: Densities (individuals/kf of all species of migrants detected during ‘mid and
late’ winter, calculated for each habitat type in NEli&. Also shown is the estimate of
individuals expected to winter in the NE Biological cdor calculated from total areas of
each habitat in the corridor (Meerman 2004).

Migrant Density Estimated Estimate No of

Detection area of Wintering

Habitat (+/- SE) probability n habitat ( Km2) Individuals
Black Mangrove 23,829 (+/-1845.4) 62.8% 448 29.6 706,029
Dry Forest - low 3,829 (+/-379.6) 71.1% 352 49.3 188,850
Milpa 3,476 (+/-355.9) 63.9% 264 8.7 30,261
Dry Forest - high 2,444 (+/-317.1) 55.0% 132 10.2 24,832
Moist Forest - high 1,332 (+/-145.7) 50.0% 167 676.9 901,329
Savanna 570 (+/-119.3) 55.3% 51 377.4 214,982

TOTAL 2,066,286
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Figure 5.4: Pie charts showing abundance by habitat for the termmmest species wintering

in NE Belize.
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Table 5.3: Late winter densities of the most common speciesulzded for each of the
habitat types sampled in NE Belize during the winter m®rftounded to whole numbers).
Density is given in individuals per Kmn = number of detections. Where density estimates
are missing is not an indication of non-use of a halbitit that too few birds were recorded to
perform density calculations.

Black Dry Forest - Dry Forest -
Mangrove low Milpa high Moist Forest
Density Density Density Density Density
Species (+/- SE) n (+/- SE) n (+/- SE) n (+/- SE) n (+/- SE) n
Least Flycatcher 558
(Empidonax minimus) - - - - (+/-151) 29
White-eyed Vireo 945 1138
(Vireo griseus) - - (+/-269) 37  (+/-253) 49
Gray Catbird 1538 438
(Dumetella carolinensis) (+/-286) 44 (+/-125) 25
Northern Parula 3121
(Parula americana) (+/-847) 34 - - - - - - -
Magnolia Warbler 3373 1272 822 749 249
(Dendroica magnolia) (+/-606) 52 (+/-175) 104  (+/-131) 75 (+/-162) 36 (+/-42) 43
Black-throated Green 2994 759 506
Warbler (Dendroica virens)  (+/-654) 35 (+/-130) 56 (+/-98) 44
Black-and-White Warbler 2983 624
(Mniotilta varia) (+/-1026) 28 (+/-192) 27 -
American Redstart 1807 675 566
(Setophaga ruticilla) (+/-311) 42 (+/-129) 47 - - (+/-137) 34
Northern Waterthrush 7794
(Seiurus noveboracensis) (+/-3182) 127
Common Yellowthroat 2803
(Geothlypis trichas) (+/-1192) 48 - - - - - - -
Hooded Warbler 335 413 235
(Wilsonia citrina) - - (+/- 76) 32 - - (#-119) 20 (+/-61) 24

Seasonal persistence in habitats

We found differences in abundance/persistence of migtsitgeen the early, mid and late
winter periods within different habitat types. The digance of these differences varied
relative to species and habitat type suggesting diffeténati@tat use at different times of the
winter (Fig. 5.5 a & b). American Redstarts showed sgmt decreases in Black mangrove
from early to mid winter (P = 0.01), whilst increasimgdry forest — high from early to mid

winter (P = 0.02). Magnolia Warbler showed a significd@trease in Black mangrove from
early to mid winter (P = 0.04) as did Gray Catbirds (P09%). Finally, Black-throated Green

Warblers showed a significant increase in dry foreat (P = 0.01) and in Milpa (P = 0.05)

from early to mid winter. The other changes evidenthie graphs were not statistically
significant but illustrate the dynamics which are takiplgce in the habitats and their
unigueness by species.

Other species for which no graphic information is digpl here, showed similar
patterns of change. For example the Northern Watetthshewed a significant increase in
Black mangrove (P = 0.05) from early to mid winter, astd@& Northern Parula (P < 0.01),
whilst both decreased from mid to late winter (though significantly). Hooded Warbler
showed a non-significant increase in dry forest — higmfearly to mid winter and decreased
in both Milpa and dry forest low as the winter advanced.
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Figure 5.5a: Relative densities (+/- SE) of American Redstart araighblia Warbler, as
calculated from detections within 25m strips of transeictdour habitats compared during
early, mid and late winter in NE Belize. Savanna aralsMforest were not included in this
analysis because they were not sampled during mid winteardy winter in the case of the
latter.
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Figure 5.5b: Relative densities (+/- SE) of Gray Catbird and Blauioated Green Warbler,
calculated from detections within 25m strips of transeictdour habitats compared during
early, mid and late winter in NE Belize. Savanna aralsMforest were not included in this
analysis because they were not sampled during mid winteardy winter in the case of the
latter.
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Discussion

We found a similar set of species wintering in NE Beds had been found for other areas of
the country, however, the commonest species in ththdeast are somewhat different to
those reported for Runaway Creek (Piaskovetkal. 2005). Whilst Magnolia Warbler and
Gray Catbird were also amongst the commonest furtbeths Runaway Creek has a much
higher presence of Wood Thrushes and Kentucky Warblerpareoh to our site, as do the
Maya Mountains fers. obg. The composition at our study site reflects moreseatiothat
recorded further north on the Yucatan Peninsula of Me{@reenberg 1989).

The average proportion of migrants to resident birds texteia this study (43%) is
similar to what has been found in other areas ofzBdlPiaskowsket al. 2005). However,
comparisons of our data with those in the literaturastntake in account that there are
inherent differences between data collected through meiging and that collected through
observations. The proportion of migrants to residents hadbitat type reflected a general
pattern of habitat use in which Black Mangrove appearedhasmost important for
Neotropical migrants with nearly 20% more presence gfant species than the next habitat
in line.

Abundance and density by habitat

Careful interpretation of density estimates can be efulgool in understanding the
relationships between species and the habitats theyWisiést a habitat displaying higher
densities of a given species presumably offers more logler quality of resources than a
habitat with lower densities, it cannot be ignored thigher densities may be a consequence
of competitive exclusion from the highest quality habit®hen examining density data, it is
therefore critical that we relate it to the ecoladyhe species involved and to scale dependent
factors at the landscape level that could also be mdlog distribution and abundance of
individuals. Ideally, initial density estimates should used to make hypotheses that can be
tested through detailed studies of relative survival betwebitats, before ultimately using
the data to make decisions about protecting and managiitigteab

In this study we found that almost all species occurredare than one habitat which
agrees with studies that support the hypothesis that migmgint species tend to be generalist
in habitat use, at least more so than many resigeies (Greenberg 1989, Piaskowetkal.
2005). However, we found significant differences in derssitie migrants wintering in each
habitat type. In fact, the average density of migrantll species in Black mangrove was six
times higher than any of the other habitats. Such tegisities in Black mangrove could be
interpreted as a higher preference for this habitatany migrant species presumably due to
its superior quality - it has been shown some specias itldividuals wintering in Black
mangrove have higher survival rates than those wigien dry scrub (Marra & Holmes
2001).

Although we do not doubt that migrant use of Black mangvea® greater than other
habitat types, there are various characteristick@Biack mangrove patches we sampled that
may be contributing to an overestimate of density. ikstance, the habitat patches of Black
mangrove in our study site were essentially small dslaaf habitat within much larger
continuous areas of forest or savanna. The smalladitkese patches may have resulted in
double counting, as birds moved within a relatively cwdi area. Alternatively, the small
size of patches of this rich habitat may have redutteabnormally high densities relative to
densities in larger areas of Black mangrove. In ang,ca®re study is needed to compare
other areas of Black mangrove and to evaluate scale disernse of this habitat and others.

The lower densities of migrants found in other haligaes do not mean that those
habitats are not important, especially as these repirdhe most widely available habitats.
Indeed, scale-dependant effects may also be governingiekemsithese habitats, such that
high availability of moist forest within the study areesults in lower densities, even though
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its quality may be similar to other forest types. Néweess, migrants in the study area did
show a preference for ‘forested’ habitats (we includkckB mangrove and Milpa under this
definition here) over savanna in terms of densitie@) just three species regularly occupying
the later habitat (Common Yellowthroat, Yellow-rumpé&trbler & Northern Waterthrush).
The savanna essentially reflects the effect of lagme forest clearance for agriculture and
other activities and provides a stark warning for thesiptel impact on Neotropical migrant
populations.

Seasonal persistence in habitats

Just as the proportion of migrants varied between hapga did the persistence of individual
species in each habitat throughout the winter monthsst Mpecies showed changes in
abundance during the winter within the different habitatsthese changes were not always
significant. However, a common pattern shared by séepecies was high densities in early
winter in Black mangrove followed by a decrease in dgms the winter progressed (Fig. 5.5
a & b) — in some cases this decrease was dramaticieayg.Catbird. Decreased persistence
in Black mangrove, particularly in NE Belize where thg season is harsher than the rest of
the country, is most likely a response to reduced resswagsed by drying conditions. Thus
whilst Black mangrove is clearly a high quality habitathe early winter, many individuals
leave this habitat for others as the dry season pssgse making it critical that a series of
interconnected habitats exist. Such connectivity estists in NE Belize and further study is
required to determine how movements between habitaysemiaance survival or whether
they are only performed by subordinate birds that axeetbout of habitats as resource levels
decrease.

At the individual species level a number of interestingtgoas in abundance over
winter were detected. In the Gray Catbird a significdgtrease in almost every habitat was
detected from early to late winter and suggests not just\&ment to a different habitat but
away from the study area altogether. This may be esgdér within season movements of
this species, indicating that more than one region beaytilised during the non-breeding
season. The Black-throated Green Warbler appeared o #i® opposite pattern with a
significant increase in individuals in preferred habitagésween early and mid-winter. It may
be that both species were reacting to drying conditiamity Gray Catbirds being pushed
south and away from our study site whilst Black-throategle® Warblers were being pushed
south to our study site by conditions to the north. Rélgss of the exact ecological factors
governing such movements, it is important that theycareidered when studying wintering
habitats and planning conservation actions such thahahitats/regions used during the
winter are included.

Summary
The NE biological corridor offers an array of halstaib the community of migrants
occupying the region during the non-breeding season ancevtident from differing habitat
use between species that all these habitats are meqairgustain the entire community. The
data presented here on abundance and density by habifatncolear patterns in habitat
preference demonstrated by previous authors, e.g. thegmedefor disturbed/Milpa habitats
by Least Flycatcher and White-eyed Vireo, but also destnate which species use previously
understudied habitats such as Black Mangrove and Savamadindings in Black Mangrove
could have important implications for the conservabémNeotropical migrants in Belize and
Central America and further study is urgently needed to stated the use of this habitat
where it occurs in larger patches and at the landscafee sc

The variation in habitat preference between specmeb iater-habitat movements
recorded here, demonstrate that no one single halmités @wn can provide the optimum
resources for migrants. Instead, a matrix of conneaabitats appears necessary to maximise
overwinter survival in a range of species. Initiatitesprotect non-breeding habitats must
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therefore clearly define their conservation goalshasareas selected for protection need to be
carefully tailored to meet the varying needs of a sifigtal species or a wider group of
species. Intensive studies still need to be carriedailly understand the needs of migrant

species during the winter and the implications of thelitimms they face during the winter on
their annual cycle.

Wood Thrush
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CHAPTER 6

SUMMARY OF RESEARCH FINDINGS

In this chapter we summarise the main findings froreaesh activities under this project in a
form that we hope can be easily understood, interpretddagplied by conservation and
management practitioners alike. We also address impomtamtquestions arising from this
research and future directions.

Migration

84 and 67 species of Neotropical migrants occurring in autumdnspring migration
respectively

An estimated 14-20 million individuals passing through theidorrin autumn and 6-9
million in spring

Short stopovers made by a wide range of migrants during autugnation

Only a restricted set of migrants using corridor a®pater in spring prior to crossing the
Gulf of Mexico

Species of conservation concern which utilise theridor in large numbers during
migration include Willow Flycatcher and Prothonotarytdfar, mangrove habitats in the
corridor may be important to both

3% or more of the World population of the Near-threade@Gelden-winged Warbler use
the corridor in both spring and autumn

Densities of passage migrants in forested habitats Wérdimes greater or more than
open savanna habitats (surrogate for open agricultuds)lan

The Yucatan Peninsula, where the proposed north-eage Béblogical corridor is located,
has previously been identified as a major flyway footdepical migratory birds. Given this
precedent it is not surprising that 115 species of Neotrdopicgant were recorded in the
corridor during the entire study, with 84 and 67 species ooguim autumn and spring
migration respectively. In addition to a diverse rangespdcies utilising the corridor, large
numbers of individuals were also recorded, with conseevaistimates putting the number in
autumn at somewhere between 14-20 million individuals and @®nmn spring. Whilst
large numbers of migrants pass through the corridor, presalone cannot be taken as
evidence of use or as an indication of the importaf¢beocorridor to passage migrants. We
must therefore examine other lines of evidence.

A comparison of autumn and spring migration is highly rimi@ative when trying to
understand how migrants use the corridor. To begin wicies composition and abundance
varied considerably between autumn and spring migratioth miore species and more
individuals being present in autumn (Table 3.1 & 4.1). Themiffce in abundance but not in
species diversity might be explained by high numbers ofaitare birds in the post-breeding
autumn population but not in species where differencetasge. Such differences are most
striking in three species of Empidonax flycatchers, odllwhich were recorded in large
numbers in autumn but were completely absent in springhyfvethesise that species such as
these are adopting a spring migration route that does ssttp@ugh NE Belize or a strategy
that does not require a stopover in NE Belize or panthe wider Yucatan region. Overall,
the evidence points to the corridor being used by a wiglege of Neotropical migratory
species during autumn migration than during spring and magtrafigreater need to stopover
in the Yucatan region during the latter, having recetligsumed large amounts of fuel/fat
crossing the Gulf of Mexico.
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A second line of evidence that helps us understand uaec@mparison of body
mass/fat stores between seasons. The reasoningl beisitomparison is that when fat stores
and body mass are high, one would not expect birds totoestdp to accumulate further fuel
reserves. In reverse, large numbers of individuals laithbody masses/fat reserves suggests
that many individuals in the population may need a refigeitop. In the majority of species
this comparison reveals that body mass and fat saseees higher in spring than autumn,
supporting the conclusion above that a stopover in thadoo is more likely in autumn than
in spring. Indeed, if one examines the Red-eyed Vireo gragfig. 6.1 it is evident that
nearly 85% of individuals in spring most likely arrived inENBelize already carrying
sufficient fuel to complete a flight to North Americdistance approx. 1400 km). The data for
a combination of South America wintering species thetur only as transients in Belize
(Table 4.4), lend further support to this conclusion, vatier 70% of individuals carrying
large reserves. That these individuals/species stop ralissls an interesting question and it is
likely that the stop is largely made to rest after longr-water flights from South America
and potentially to avoid migrating in the heat of the ddyen dehydration becomes a risk
(Klaassen 1996). Whilst an autumn stopover appears more aot@n a spring stopover in
most species, a small group of species arrived in spritly leav body masses and were
expected to stopover in the corridor. A final consideratvhen examining body mass/fuel
store data is that those birds making landfall and beaygpéd may not represent the wider
population. Indeed, in general the wider population is likelgontain a higher proportion of
birds with larger fuel reserves than seen on the grositese individuals most likely overfly
the study area.

Abundance and body mass data indicate which species wew@gpected to stopover
but further evidence in the form of stopover duratiords @ndence for increases in fuel stores
are required to understand stopover behaviour fully. Whelsapture rates were generally
very low, a number of individuals both in autumn and spdegionstrated an increase in
mass/fat score on second capture. The average numbay®ibetween captures, which is
adopted as an index of stopover duration here, was sagificshorter in transient species in
autumn relative to spring (P = 0.017), whilst the rate a$srgain/FDR was not significantly
different between the two periods (P = 0.588). Overaftiemses in fuel stores are therefore
expected to be greater in spring than autumn due to lorgmov&r durations. In conclusion,
it would appear that whilst a wider range of species st@povthe corridor in autumn, many
of these may be treating the area like a convenistaze to accumulate small amounts of fuel
whilst to a restricted set of species in the springctiveidor is a full service hotel - providing
the resources necessary to make long unbroken flightdotth America. In addition to
transient species, individuals of species wintering @ abrridor also appear to rely heavily
on its resources to prepare for the cross-Gulf fliglab{d@ 4.5).

The evidence presented in preceding chapters and summabised point to the
corridor being an important resource to a wide range edtidpical migratory landbirds,
providing resources to recover and refuel after the Gaksing in autumn and to facilitate
fuelling for the reverse crossing in spring. At thisgst, however, it is important to consider
whether these conclusions would still hold firm withrenahan one year's data and without
the impact of Hurricane Dean on the study area. Itels kmown that routes, body condition
during migration and locations of ‘fall outs’ can varyvween years (Mehlmaat al. 2005)
and thus the high numbers of Willow Flycatchers thateweapped in autumn, for example,
may have been due the presence of a tropical storne iGtlf of Mexico and may not reflect
a common strategy. Accounting for the impact of Hurec®ean is extremely difficult as
evidence for the impact of storm damaged habitats googes behaviour is non-existent,
however a number of suppositions can be made. The fffeah af the hurricane in the study
area was a reduction in both foliage and fruit in theedb canopy but also an increase in
standing water leading to a mass emergence of mosqu@oesnight therefore predict that
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Figure 6.1 Distribution of body mass in individuals trapped during autame spring in two
species of transient migrants in NE Belize. Poterflight ranges as estimated by program
Flight 1.15 are indicated in bands by vertical black lines.
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for fruit eating species the corridor became lessdtteaand that their use of the corridor
may increase as the forest recovers, whilst fadingores the impact may have been negative
or positive depending on foraging strategies, e.g. gleanmgy fioliage vs. sallying for
mosquitoes.

Conservation Significance During Migration and at a Regional Level

When determining the conservation importance of aaiteegion, one may focus solely on
species of conservation concern or consider measucds as overall biodiversity and the
extent to which given ecosystems/habitats are incluwdéuh protected area systems as well.
Here we will first focus on species of conservatiomaern, as most conservation initiatives
for Neotropical migrants are directed at these spegigsumber of high profile threatened
Neotropical migrants were observed during this study indudinree Near-threatened
species, Olive-sided Flycatcher, Golden-winged Warbled Bainted Bunting. Just one
individual was observed for each of these species eXoeptolden-winged Warbler which
was recorded three times in autumn and once in springve@ory these observations into
corridor wide estimates suggests that over 6000 individual GoWileged Warblers may
have utilised the corridor during autumn and even more dupriggs(caution is necessary
here with just one observation) — with a global poputagstimated at 210,000 individuals,
these estimates represent around 3% of the World populatidnindicate that the wider
Yucatan may represent an important stopover regiormi®species.

Aside globally threatened species, a number of spepjgsaang on the America To
Watch List occurred in the corridor in large numbers. gafticular note were Willow
Flycatcher (~5% of World population) and Prothonotary biéair(~8% of World population)
whilst lesser numbers of Bay-breasted Warbler and u¢kgt Warbler were also present.
Dropping another level in terms of conservation pigsjt the corridor supported a diverse
range of migrants during both migration seasons and wtima&es suggesting that over 30
million individuals passed through, the areas importanceiigpatory landbirds as a group
cannot be ignored.

In terms of defining conservation priorities, it igpiortant to compare the corridor to
other sites/areas at a regional level. Unfortunatetythe migratory periods there is a lack of
published information from both Belize and the wider ana however, some information
does exist. In an ongoing project at the Sian Ka’'arsfidiere Reserve to the north of our
study site in Mexico, capture totals for 2007 were sinitar the majority of species but
differed in several ways. Alder, Willow and Acadian Elighers were all relatively abundant
in our study but completely absent from Sian Ka'an, dlmme was true of Yellow-throated
Vireo (unpublished data,Angeles Raymundo). Prothonotary Warbler appeared more
abundant at our study site but this may be more to do aliitat. In terms of species of
concern, there were no records of Golden-winged Wadile®ian Ka’an in 2007 but two
were trapped in 2008pérs. commAngeles Raymundo). Personal observations from other
areas of Belize suggest that the moist forests oMidnga Mountains may be used to a greater
extent by species of concern such as Canada Warbltalst wimilar numbers of Willow
Flycatcher maybe present in central Belize relatoveour study site. The Maya Mountains
have also been highlighted as a spring stopover sitddoNear-threatened Cerulean Warbler
(Welton et al. 2008) and potentially Golden-winged Warbler (Parker 1994) makigign an
important region for the conservation of Neotropicgrants. In general, the corridor would
appear to compare favourably with other areas and thegpbien of the remaining forest and
mangrove habitats in this region would greatly benefitanly Neotropical migrants but also
a wide range of threatened wildlife such as Jaguar, Bdiapg and Black Catbird.
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Wintering Migrants In The Corrdor

23 species of Neotropical migrant landbirds recorded regulankering in NE Belize at
an average detection rate of migrants vs. residet3%f

An estimated 2 million individuals wintering within theoposed biological corridor
Habitat use and persistence varied between species daripgneid and late winter

Black mangrove showed the highest proportion of migramesalent birds (62.4%) and
had by far the highest density of migrants pef kBrtimes more than other habitats)
Persistence was not high in Black Mangrove with mgecies declining in number
during the winter

The realisation of a biological corridor containing cambination of forested and
mangrove habitats would protect a diverse community otfdeical landbird migrants

Prior to this study, detailed studies of wintering migramasl not been carried out in NE
Belize. Information from this study complements thétsparse records and anecdotal data
from the area, and somewhat completes and confirmsbatory of migrants that winter in
Belize. Within the two million individuals estimated wanter in the proposed corridor, are
various species of concern whose population status masgfitbd'om protection of moist
forest in the corridor e.g. Wood Thrush, Kentucky Warlsled Worm-eating Warbler. In
terms of conservation priorities though, these spepegar far more abundant in the forests
of western and southern Belize (e.g. Piaskoveskal 2005;pers. obg. and thus ensuring
protection these areas first would be a priority.

One of the most important conclusions from this stiglyhat not one single habitat
on its own can provide the optimum resources for migrdnstead, a matrix of connected
habitats appears necessary to maximise overwintenvaum a range of species. The
variation in habitat use and persistence during the widéeonstrated here, shows how
individuals of a certain species might depend on more dharhabitat during a season. More
detailed studies are needed at the species level to fdlgrstand the dynamics of habitat use,
habitat quality and its implications on the life cyatéshese birds.

The importance of Black Mangrove to Neotropical migradusing the winter must
not be underestimated. Our results show that the higbasentrations of migrants occur in
this habitat and this is not due to just one or two highundant species but because a range
of species utilise this habitat. In terms of proteceshs within Belize, Black Mangrove is a
highly under-represented habitat and efforts to both mdppeotect existing areas of Black
Mangrove would be highly beneficial to the conservatdriNeotropical migrants in Belize.
This is not only true for wintering species but also fteclining species such as the
Prothonotary Warbler that uses this habitat during passa

Future Directions

As with many initial studies, our findings have generatemre questions than they have
answers. The aim of the year long study documented reeseomgather baseline information
on how Neotropical migrants were using an area of NEd&at a community level. This

study has largely satisfied this aim, revealing whiclciggemigrate through the area, which
spend the non-breeding season there, habitat preferbetesen species and initial data on
stopover behaviour. At the community level this infatimn provides an excellent starting
point for understanding how the NE biological corridor docbntribute to the conservation
of Neotropical migrants, however, at the level ofwittiial species further study is necessary.
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Winter habitat quality

One key area requiring more attention is how habitaty in quality for different species
during the non-breeding season. Many species occurrifgeinegion can be found in more
than one habitat and whilst estimates of abundancelansity can be used to assess habitat
quality where large differences between habitats exbyyndances cannot be used to measure
habitat quality when they are approximately similamiaetin habitats. Instead, other measures
of habitat quality are needed, such as relative surbebleen habitats or changes in body
condition over winter (see Johnsenal 2006). For species of concern such as Wood Thrush
and Kentucky Warbler that regularly winter throughout EBelidetailed studies of habitat
quality are needed to ensure that high quality habitatsemeaving adequate protection. It
would also be highly beneficial to examine connegtietween reproductive areas and non-
breeding areas in Belize.

Stopover behaviour

Our understanding of stopover behaviour generated by thdy & relatively limited and for
species of concern, e.g. Willow Flycatcher and Prattemy Warbler, focused studies in
which captures and recaptures are maximised through metholss sound lures or targeted
net placement could increase our understanding greatlyu3d@f colour rings would also
greatly increase the power of stopover studies by istrgaecapture frequencies through re-
sightings, thereby allowing more detailed analyses @pster duration (e.g. Morrist al
2005). For species such as Prothonotary Warbler, it waaldighly beneficial to examine
habitat quality during stopover by examining whether fuplodéion rates and take-off mass
vary between different mangrove and forest types, esyegiven the current pressure on
coastal mangroves exerted by development projects iy paats of Central America.

Regional perspective

To truly understand the migratory strategies of Neotrdpmgrants along the length of their
journeys it is crucial that further studies, like thatspréged here, are carried out throughout
Central America and also in northern South Americathdt further studies, efforts to
prioritise key stopover areas for conservation actihfail for a lack of information. The
findings from this study suggest a number of areas thatdwbel priorities for further
investigation. Within the context of Belize, the engive forests of the Maya Mountains are a
high priority in order to determine how this conseatblock contributes to the conservation
of Neotropical migrants. The montane forests foundethmeay provide important resources
for species such as Cerulean Warbler, Canada WarbterGatden-winged Warbler and
further investigation, especially for Cerulean Warlded Golden-winged Warbler in spring,
is required. During the non-breeding period, the Maya Monsitaiso appear to host large
populations of both Kentucky Warbler, Wood Thrush and Weating Warbler gers. obg
and further investigation into habitat and altitudinalfgrences would be beneficial. The
mountains may also harbour an undiscovered wintering papulaif Golden-winged
Warbler.

Outside of Belize, this study indicates that the widercatan region most probably
represents an important autumn stopover following theserg of the Gulf of Mexico for
many South American wintering species. Further study fret latitudes across the
Yucatan and in different habitats would be beneficiabnder to identify key sites/habitats at
a regional scale. This is especially true for spede®ncern such as Golden-winged Warbler
and Prothonotary Warbler that stopover here in aututher regions deserving attention
during autumn, include the extensive tropical forestssteea Honduras and Nicaragua.

With respect to spring migration, this study raises a meunold important questions.
Many species arrived at the study site carrying largerves, indicating that the main
fuelling/stopover sites were south of Belize. We speeulhait individuals of these species
may be adopting one of two possible strategies: 1) Accuensi#ficient reserves in northern
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South America, potentially during pre-migratory fuellinghan-breeding sites, to fly to North

America without refuelling; 2) accumulate sufficient fuélr@n-breeding areas in northern
South America to reach stopover sites in eastern HasfNicaragua where the fuel to reach
North America can be accumulated. The priority in daise is to examine how non-breeding
areas in South America are utilised during pre-migratorfifgeand determine whether they

are a crucial factor affecting both winter survivatlamigratory success. If hypothesis 1 is
true, land use changes in these non-breeding areas coal@ lramatic impact on migratory
success and on reproductive success through knock on éeetNorriet al 2004).
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CHAPTER 7

EDUCATION & TRAINING

Introduction

Virtually all interactions between researchers anel ¢tbommunities around them have the
potential of being educational in some way. Even dagap conversations and giving an
example of a way of living, ‘teach’ different thingsdatransmit messages to the people that
receive and participate in them. With a little guidance focus, a small educational initiative
can reach a wider audience and be more effective thtzally expected. This was the case
with the education and training activities under this guoj Whilst initially aims were to
complete two school visits, train two Belizeans indbanding and print an educational
leaflet, we managed to involve more than 60 studenteeretucation activities, gave bird
banding training to 30 Belizean nationals and transforthedeaflet into a school initiative,
thought, constructed and presented entirely by the stud#hta little guidance on our part.

Overall our education and training efforts were focusetiriee main areas. The first was that
of general diffusion of the project both at a local andinternational level. The second was
concerned with local involvement and increasing awesgrabout migratory birds and finally
considerable effort was exerted in providing high qualitgd banding training - a key skill
for bird conservation work. The activities carried aumder each of these general areas are
described in this chapter.

Methods

General diffusion of the project

The major diffusion tool of the project was a ‘blog’ hgde that was created in the early
stages of the project (www.belizemigrants.wordpress.cdimg site featured daily updates on
captures during the migration seasons and regular updates cweingitter’ months. The
blog also included information on the background and aintkeoproject, the researchers and
the resident species in the study area. To increasesugof the website, the web address
was distributed among our ornithological contacts andutiirosarious ornithology orientated
mailing lists. Aside the website, further diffusion washieved through general talks to
volunteers and visiting scientists, and dissemination redords through a Belizean
ornithological mailing list and to the BERDS, AKN anebld databases.

Finally, in order to give exposure to our project and figdiat the international level,
we presented posters at two conferences attended byohathologists and conservation
practitioners. The International ‘Partners in Fligdnference held in Texas in February 2008
was attended by bird researchers/conservationists dfioover the Americas and provided an
excellent opportunity to diffuse results to the wider camity. The Cerulean Warbler and
Golden-winged Warbler summit in Bogota in October 2008 gauweeaishance to display our
more detailed results to individuals with a specific Bsein migratory birds.

Increasing awareness through local involvement

Bird banding demonstrations were a fun and effective @afaincreasing awareness about
migratory birds and birds in general at the local le@lr demonstrations consisted of a
morning’s banding session in which people of all ages leaxckgrounds could see and
actively participate in the practical part of our fieldnk whilst learning about the birds they
saw up close in the hand.
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In a project with a school in the local village, $adja, we researched and designed a
leaflet on bird migration alongside students. Originaly mad planned to produce the leaflet
independently but the collaboration with the Cornerst@fristian Academy school was an
excellent opportunity to increase the power of this etutal tool and promote a deeper
understanding of migratory birds in the local area. Th#éraim of the leaflet/project was to
learn about the importance of the different habitatsirad Sarteneja to migrant and resident
birds. To research the leaflet, the students begamryiry out bird watching walks in four
habitats and familiarizing themselves with the birawl alifferent habitat characteristics.
During the walks the students learned about bird identdicaind took photos of salient
habitat features. Students also visited our ringing eiteee migratory birds up close in the
hand. To complement the field research, students pat&dipa an internet research session
in which they searched for information on common atigry species and the habitats visited.
With the information learned from these two resededhniques, the contents and the design
of the leaflet was determined in further sessions.WWhe leaflets were ready and printed, the
students invited the local community and other locabstshto an official presentation in
which they explained the results of their work and disted copies of the leaflet.

Bird banding Training

The banding training was probably the most importantthef educational activities we
planned to carry out and considerable effort was putgiMiag as high a level of training as
possible. Our training method, whilst emphasising on health and safety of the birds,
allowed the trainees to actively learn and particidaben day one. We mixed intensive
practical experience in the field with a series dfdain different subjects such as ageing and
sexing techniques and personalized training such eachdmdivcould advance at their own
pace. Key materials used during training included field guicgesinated field sheets with
illustrations of coding systems (e.g. muscle, fat, brpatthes, cloacal protuberances), talks
with information on ageing and sexing techniques and ddtphotos and examples of
plumages and moulting strategies. We also used and madenceféoethe North American
Banding Council - NABC bander’s study guide and trainer’s g{hNtheBC 2001).

To ensure a lasting impact of our training activitiesBelize, we spearheaded the
formation of bird banding group at the University of Belialongside Dr. Elma Kay. To
initiate the group we organised a ten day training courséeptember 2008 and donated
equipment to the group that in turn had been donated to ojecphy IdeaWild. The group
was expected to provide a focus for bird banding in Bdtizeerpetuity and provide a safe
environment for continued practice under the guidance ofHIma Kay and experienced
banders from the Belizean NGO, Birds Without Borders.

Results

General diffusion of the project

The website received more than 1800 hits between Septe?@®¥ and August 2008,
displaying peaks of visits during the migration periods whely dpdates were being made.
It proved to be an efficient way of reaching diverse enxhs interested in the subject and
allowed us to make contact with other researchers wgiki similar or related projects. The
blog also served as a good reference point for our ddoockeck on the advances of the
project and to create links from their sites to ouid doe versa, thus increasing the potential
exposure of our work.
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Talks about bird migration and about
our project were given to more than
70 individuals including GVI
Volunteers (20), University of Belize
students (10), students from the
Sarteneja Cornerstone Academy (35)
and members of the Eagles
Environmental Club from Corozal
Community College (11).

Participation in the @ International
Partners in Flight Conference held in
McAllen, Texas from the 14— 17"

of February 2008, where we
displayed a poster of the project,
allowed over 700 researchers and
conservationists interested in bird
migration to learn about our project and of Belize’s im@oace to migrants. It is worth noting
that after the conference, our website received athafovisits. In Bogota at the Cerulean and
Golden-winged Warbler summit over 70 individuals with a dinaterest in bird migration
learned of our main results through a different postemalllj 4755 bird records were
uploaded onto the Belizean BERDS database.

Image from the websit@ww.belizemigrants.wordpress.com

A. Bird migration talks at the Sartenej. Poster displayed at thd'#artners in Flight
Cornerstone Academy, Oct 2007. Conference, Texas, Feb 2008.

Increasing awareness through local involvement

We carried out a total of four banding demonstrationschvinere attended by 11 students
belonging to the Eagles Environmental Club of Corozai@unity College, five students
from the Sarteneja Cornerstone Academy and four warfdemsthe nearby Shipstern Nature
Reserve. During a morning’s banding session, we workedh wdrticipants on bird
identification as well as giving explanations on ageing gexing techniques. Safety and
basic handling were explained and in most cases vidiedshe chance to handle and release
birds.
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Banding demonstrations for students in North East Bélideding bird identification in the hand, safe handlifgicds and
release after processing and data collection.

Seventeen students from the Sarteneja Cornerstonédc@demy’'s environmental club,
accompanied by their teacher Erlindo Novelo, particghatethe ‘Bird Migration Leaflet’
Project. The students took parts in two field trips,iedrout research through the internet and
produced the texts and photos for the leaflets. Theetsaftere printed both in English and in
Spanish in order to reach all sectors of the locairoanity. More than 100 people attended
the presentation of the leaflet in which the studemtdained the process by which the leaflet
was produced, read its contents out loud and voiced theictexioes for similar projects in
the future. The majority of the audience consisted udestts from Sarteneja primary schools
and a smaller number of parents. The presentation éhastsed through posters and by a
public announcement on the local TV channel. Thedeafin be seen in Appendix 2.

A. Field trips to different habitats around Sarteneja §8aa, Black Mangrove and Milpa), with students from theeBieja
Cornerstone C. Academy.

B. Leaflet presentation day with attendance of more tt@hmembers of theC. Sarteneja Cornerstone C. Academy
community. Environmental Group.
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Bird banding training
Our first opportunity to carry out bird banding training earhrough participation as
instructors on the first University of Belize NaturBesource Management field course
organised by Dr Elma Kay in January 2008. The course wsedbat Las Cuevas Research
Station and for three days we worked with a group of agidents covering bird monitoring
techniques through talks and running two banding sessiomdieh students grasped the
basics of the technique.

Our main focus for training was during spring migration awviduals from across
Belize came to our field site for varying periods ofdimn total 20 individuals received
training and all learnt, to at least a basic levelyho catch and band birds, take a range of
data and understand the applications of the data collettathees varied from university
students to college students to Nature Reserve wardehsheAltrainees showed great
enthusiasm for learning and the training either compkecke their already advanced
knowledge of the local birds or initiated a strong irgeiie them to keep learning. A list of
individuals that attended training is given in Appendix 3.

‘Trainees in action’ during the spring training sessidts,Belize 2008.

Our spring training sessions gave trainees a solid bad®wd banding techniques but all
required further practice in order to guarantee the safetige birds and the quality of data
collected. Given the high potential of the traineeswegked with and a concern about the
lack of opportunities for them and others to continue tmiag their skills in Belize, we
decided to spearhead the formation of Belize’s first banding group. In partnership with
the University of Belize and professor Dr. Elma Kag teld an intensive ten day banding
workshop in September 2008. Ten university students, includway who had received
training during the spring, received a full training expewemcluding nine mornings of field
work and afternoon/evening talks on ageing and sexing itpes) safety, project design,
data management and data analysis. In addition to owsdhaning was provided by
experienced Belizean bird banders from Birds Without Bsrdend the Harpy Project at
BFREE. Importantly, Birds Without Borders has agreedugppert the bird banding group
during its first six months, to ensure that the le@rmmocess continues and that the group
receives the supervision it needs in these early st&yeklma Kay, who is committed to
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leading the group and becoming a trainer herself, had ghertunity during the course to
practice her training skills.

With authorization from IdeaWild, who donated the equipntenbur project, we
donated a full set of banding equipment to the group to etiadate to continue practicing
their skills and in time develop monitoring and conseovaprojects focusing on Belize’s
diverse avifauna.

Learning to furl nets Extracting fromstmets, supervised by David from Birds Without Borders

Dr. Kay checking measurements to Practicing the photographers grip on

Working at the banding table ID an Empidonaxflycatcher. a Yellow Breasted Chat.

Attempting to age a bird during the

moult quiz. Belize's first bibdinding group.
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APPENDIX 1

All neotropical migrants recorded in NE Belize during shedy are listed below along with
details of relative abundance at different times of ye@ habitat use. Abundance was
determined using totals for transect and mist-netting dat@ined by period - as mist-nets
were not deployed in winter slightly different criteaige adopted for this period.

* = Absent/unrecorded

R = rare <10 individuals recorded

S = scarce 10-50 individuals recorded
C = common 50-200 individuals recorded (50-150 in winter)
A = abundant 200+ individuals recorded (150+ in winter)

Habitat codes are as followSS = coast/sed;M = lagoon/mudflatsMS = mangrove

savannahBM = Black Mangrove foresill = Milpa/agricultural landTV = Townl/village;

DF = dry forestMF = moist forestOV = migrating/flying over various habitats.

Common Name

American White Pelican
Great Blue Heron

Great Egret

Snowy Egret

Little Blue Heron
Tricolored Heron

Green Heron

Black-crowned Night Heron

Blue-winged Teal
Northern Shoveler
Osprey
Swallow-tailed Kite
Northern Harrier
Broad-winged Hawk
Merlin

Peregrine Falcon
American Coot
Black-bellied Plover
Semipalmated Plover
Killdeer

Greater Yellowlegs
Lesser Yellowlegs
Solitary Sandpiper
Spotted Sandpiper
Whimbrel

Western Sandpiper
Least Sandpiper
Pectoral Sandpiper
Short-billed Dowitcher
Long-billed Dowitcher
Common Snipe

Scientific Name

Pelecanus erythrorhynchos

Ardea herodias
Egretta alba

Egretta thula

Egretta caerula
Egretta tricolor
Butorides virescens
Nycticorax nycticorax
Anas discors

Anas clypeata
Pandion haliaetus
Elanoides forficatus
Circus cyaneus
Buteo platypterus
Falco columbaris
Falco pereginus
Fulica americana
Pluvialis squatarola
Charadrius semipalmatus
Charadrius vociferus
Tringa melanoleuca
Tringa flavipes
Tringa solitaria
Actitis macularia
Numenius phaeopus
Calidris mauri
Calidris minutilla
Calidris melanotos
Limnodromus griseus
Limnodromus scolopaceus
Gallinago gallinago
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Common Name

Laughing Gull

Caspian Tern

Royal Tern

Sandwich Tern

Black Tern

Yellow-billed Cuckoo
Lesser Nighthawk
Common Nighthawk
Chuck-will's Widow
Chimney Swift

Vaux's Swift
Ruby-throated Hummingbird
Belted Kingfisher
Yellow-bellied Sapsucker
Olive-sided Flycatcher
Eastern Wood-Peewee
Yellow-bellied Flycatcher
Acadian Flycatcher
Alder Flycatcher

Willow Flycatcher

Least Flycatcher

Great crested Flycatcher
Sulphur-bellied Flycatcher
Eastern Kingbird
Scissor-tailed Flycatcher
White-eyed Vireo
Yellow-throated Vireo
Philadelphia Vireo
Red-eyed Vireo
Yellow-green Vireo
Purple Martin

Tree Swallow

Northern Rough-winged Swallow

Bank Swallow

Cliff Swallow

Barn Swallow

Veery

Gray-cheeked Thrush
Swainson's Thrush
Wood Thrush

Gray Catbird
Blue-winged Warbler
Golden-winged Warbler
Tennessee Warbler
Northern Parula

Yellow Warbler
Chestnut-sided Warbler
Magnolia Warbler
Yellow-rumped Warbler
Black-throated Green Warbler

Scientific Name

Larus atricilla

Sterna caspia

Sterna maxima

Sterna sandvicensis
Chlidonias niger
Coccyzus americanus
Chordeiles acutipennis
Chordeiles minor
Caprimulgus carolinensis
Chaetura pelagica
Chaetura vauxi
Archilochus colubris
Ceryle alcyon
Sphyrapicus varius
Contopus cooperi
Contopus virens
Empidonax flaviventris
Empidonax virescens
Empidonax alnorum
Empidonax traillii
Empidonax minimus
Myiarchus crinitus
Myiodynastes luteiventris
Tyrannus tyrannus
Tyrannus forficatus
Vireo griseus

Vireo flavifrons

Vireo philadelphicus
Vireo olivaceus

Vireo flavoviridis
Progne subis
Tachycineta bicolor
Stelgidopteryx serripennis
Riparia riparia
Petrochelidon pyrrhonota
Hirundo rustica
Catharus fuscescens
Catharus minimus
Catharus ustulatus
Hylocichla mustelinus
Dumetella carolinensis
Vermivora pinus
Vermivora chrysoptera
Vermivora peregrina
Parula americana
Dendroica petechia
Dendroica pensylvanica
Dendroica magnolia
Dendroica coronata
Dendroica virens
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Common Name

Blackburnian Warbler
Yellow-throated Warbler
Prairie Warbler

Palm Warbler
Bay-breasted Warbler
Black-and-White Warbler
American Redstart
Prothonotary Warbler
Worm-eating Warbler
Swainson's Warbler
Ovenbird

Northern Waterthrush
Louisiana Waterthrush
Kentucky Warbler
Mourning Warbler
Common Yellowthroat
Hooded Warbler
Canada Warbler
Yellow-breasted Chat
Summer Tanager
Scarlet Tanager
Clay-colored Sparrow
Rose-breasted Grosbeak
Blue Grosbeak

Indigo Bunting

Painted Bunting
Dickcissel

Orchard Oriole
Baltimore Oriole

* = Absent/unrecorded

Scientific Name

Dendroica fusca
Dendroica dominica
Dendroica discolor
Dendroica palmarum
Dendroica castanea
Mniotilta varia
Setophaga ruticilla
Protonotaria citrea
Helmitheros vermivorus
Limnothlypis swainsonii
Seiurus aurocapillus
Seiurus noveboracensis
Seiurus motacilla
Oporornis formosus
Oporornis philadelphia
Geothlypis trichas
Wilsonia citrina
Wilsonia canadensis
Icteria virens

Piranga rubra

Piranga olivacea
Spizella pallida
Pheucticus ludovicianus
Passerina caerulea
Passerina cyanea
Passerina ciris

Spiza americana
Icterus spurius

Icterus galbula

R = rare <10 individuals recorded

S = scarce 10-50 individuals recorded
C = common 50-200 individuals recorded (50-150 in winter)
A = abundant 200+ individuals recorded (150+ in winter)
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Habitat codes are as followSS = coast/sed;M = lagoon/mudflatsMS = mangrove
savannahBM = Black Mangrove foresill = Milpa/agricultural landTV = Town/village;
DF = dry forestMF = moist forestOV = migrating/flying over various habitats.
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APPENDIX 2

Migration leaflet constructed by students from the Cattome Academy and presented to the
Sarteneja community.
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APPENDIX 3

List of individuals who received bird banding training eitlduring the spring sessions or
during the full training course held at the UniversityBefize, Belmopan.

Name

Melissa Castillo
Eduardo Barrientos
Angel Young
Jamani Balderamos
Kamal Munoz
Hope Amadi
Celishia Guy
Rudolph Williams
Gail McNab

Elma Kay

Marvin Vasquez
Emerson Garcia
David Bustamante
Stephen Mitten
Antonio Hagar
Kareena Mahung
Liberato Pop
William Garcia
Pedro Che
Wilfred Mutrie
Joel Diaz

Miguel Perez
Damian Aldana
Dolores

Kent Garcia
Dereck Hendy
Israel Manzanero
Marcelo Pau

Organization/Institution

University of Belize

University of Belize

University of Belize

University of Belize

University of Belize

University of Belize

University of Belize

University of Belize

University of Belize

University of Belize

University of Belize

University of Belize

St Mathews Village

St John's College

St John's College

St John's College

Harpy Project at BFREE

Harpy Project at BFREE

Harpy Project at BFREE

Harpy Project at BFREE

Shipstern Nature Reserve Wardens
Shipstern Nature Reserve Wardens
Shipstern Nature Reserve Wardens
Shipstern Nature Reserve Wardens
Belize Audubon Society Park Wardens
Belize Audubon Society Park Wardens
Belize Audubon Society Park Wardens
Belize Audubon Society Park Wardens
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