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Most reserves fail to capture the habitat heterogeneity necessary to maintain viable 

populations of wide-ranging species. Methods to determine defensible dimensions of 

reserves and reserve networks are needed. The primary goal of this study was to develop 

such methods for lowland tropical forests by examining habitat- and spatial-use patterns of the 

Mealy Parrot (Amazona farinosa) in northern Guatemala. Regional connectivity has been 

demonstrated by altitudinal migration of birds that track seasonal fruit availability; it is now 

recognized that a suite of habitats along the elevational gradient must be protected to 

conserve biodiversity of tropical montane ecosystems. However, in tropical lowlands, little is 

known about spatiotemporal patterns of resources and animals that rely on them. I 

considered the large-bodied, frugivorous Mealy Parrot a useful focal species because its 

movements and habitat use should be coupled with the ecological factors determining fruit 

distribution. Individual- and population-based methods were developed in this study. In each 

of 4 years, radio telemetry revealed that adult Mealy Parrots breeding in northeastern 

Guatemala engaged in predictable seasonal migrations within mature lowland forest. 

Although the area covered by these parrots was considerable (10,000 km\ more significant 

was the consistency of their movements and specific locations utilized. Canopy-based 

population surveys were used to estimate densities of all 6 locally occurring parrot species as 

a function of landscape type and season over a two-year period; the data suggest that 

migration is common in this parrot community. Mealy Parrots rely on mature lowland forest 



arrayed along regional environmental gradients. Over distances of a few hundred kilometers 

and a range in elevation of ~200 m, variation in fruiting phenology, forest composition, and 

rainfall shape this species' movement patterns. Basing reserve design on size alone is 

insufficient. Large protected areas, such as the 600 km2 Tikal National Park and even the 

21,000 km2 Maya Biosphere Reserve, will not maintain this population of Mealy Parrots 

without inclusion of areas that encompass the range of spatiotemporal variability governing 

migration patterns. The Mealy Parrot occurs from Mexico through Amazonia and may serve 

as a valuable focal species for conservation planning in other parts of its range. 
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INTRODUCTION 

As native tropical forest habitats are transformed by humans at unprecedented rates, 

the efficacy of preserves and other conservation areas becomes increasingly critical. 

Protected areas need to both be large enough and have the appropriate configuration to 

maintain regional biological diversity and ecosystem functions. Research evaluating and 

applying approaches for regional reserve design has been concentrated in Australia, North 

America, Europe, and Africa, and to date, most have been static, pattern-based approaches, 

requiring a large quantity of data on species distributions or habitat delineation. Recently, 

considerable evolution in perspective and analytical development of conservation planning 

strategies at the regional scale has occurred. The use of spatiodynamics of focal species has 

become widely recognized as an important element informing the design conservation 

landscapes. However, the lack of data and understanding of ecological processes in 

Neotropical lowlands-specifically forest ecosystems-has limited conservation planners' 

ability to delineate habitat heterogeneity and functional ecological linkages for long-term 

protection of biodiversity. I propose that the focal species approach is particularly valuable in 

tropical forest realms, where both ecological pattern and process can be difficult to define in 

the regional context, to a large extent because of the paucity of quality data for even the most 

basic environmental variables. 

In tropical forests, members of the frugivorous bird guild stand out as candidate focal 

species for regional planning because many species are thought or known to engage in 

regional migrations in response to spatial and temporal patchiness of critical fruit resources. 

The majority of information on this phenomenon comes from studies in montane systems 

where birds migrate altitudinally as they track seasonal fruit availability along an elevational 

gradient. These migrations ecologically link diverse habitats across the region and highlight 

the importance for conserving biodiversity of montane ecosystems in the long-term. Because 

tropical lowland forest heterogeneity is often subtle, the presence and significance of this 

variation to wildlife and ecosystem integrity has been overlooked and minimally studied. As a 

consequence, little is known about regional resource gradients and animals that may rely on 

them. For example, are there species that engage in migrations in the lowlands? If so, what 

factors influence their spatiotemporal use patterns and do regional conservation plans protect 

the landscape elements and configuration necessary for their long-term persistence? 

Many members of the frugivorous and highly charismatic parrot family are closely 

associated with lowland tropical forests. In fact, many species are believed to engage in 

seasonal migrations of a local nature, but there are few direct measures of their movement 
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patterns because these birds have proved very difficult to study in the wild. The parrot family • 

is the most endangered avian group, resulting largely from habitat destruction. These 

characteristics suggest parrots as prime candidates for focal species to address questions 

about regional resource gradients and effectiveness of conservation at that scale. 

I examined the spatial habitat-use patterns of the Mealy Parrot, a frugivorous lowland 

forest species that I predicted would exhibit characteristics valuable in regional conservation 

planning. Study of the Mealy Parrot was used as a means of defining ecological pattern (i.e. 

habitat heterogeneity) and process (e.g. habitat linkages) to assess the adequacy of regional 

conservation planning in the lowland forests of northern Guatemala and as an effective 

method to contribute to knowledge for conserving Neotropical ecosystems. The study site 

spanned large intact and highly altered tropical lowland forests in northern Guatemala 

including the World Heritage site, Tikal National Park, and the Maya Biosphere Reserve which 

forms part of the largest contiguous area of lowland forest remaining in Mesoamerica. 

To address my objectives, parrots were sampled using radio-telemetry techniques to 

document individual's movements (Chapter 1) and population surveys were conducted to 

estimate density (Chapter 2). Seasonal population densities of the six native parrot species 

were determined using the canopy-based survey method and associated methods of data 

analysis (including assessment of factors affecting detectibility), which were developed in this 

study. I modeled density estimates as a function of sampling site, landscape type, and 

season and present adjusted estimates by season and landscape type for each of the 6 

species. 

Based on results from these individual- and population-based methods, and 

associated studies on seasonal fruit abundance, I describe how the parrots function on the 

landscape with respect to spatial habitat-use during their annual cycle and how they inform 

understanding on regional habitat heterogeneity and linkages. Predictive modeling is 

proposed for extrapolating the results to other regions occupied by Mealy Parrots where 

similar conservation considerations might apply. 
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DELINEATING PROCESS AND PATTERN IN TROPICAL LOWLANDS: 

MEALY PARROT MIGRATION DYNAMICS 

AS A GUIDE FOR REGIONAL CONSERVATION PLANNING. 
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INTRODUCTION 

As anthropogenic transformation of native habitats continues at unprecedented rates 

(Achard et al. 2002, FAO 2001), we want to know that the areas protected in reserves and 

other conservation areas are large enough and configured in such a way as to maintain 

regional biological diversity and ecosystem functions. Historically, protected areas were 

usually established opportunistically (Pressey and Tully 1994), without explicit ecologically 

based goals, and frequently in areas with low commercial value, resulting in poor 

representation of the range of natural communities (Dinerstein et al. 1995, ICBP 1992, Noss et 

al. 1995, Pimm and Lawton 1998, Powell et al. 2000, Terborgh and Winter 1983). Relentless 

demand for land, other natural resources, and short-term economic gain continue to force size 

limits and sub-optimal locations on designs of conservation landscapes. Confronted with rapid 

habitat losses and the exposition of the inadequacy of existing protected areas, a major 

challenge currently driving much conservation research is to develop scientifically defensible 

strategies that can guide conservation planning toward meeting goals of maximizing 

representation of biodiversity and maintaining ecological integrity across the landscape in the 

long term (Noss 1996, Shafer 1990, Soule and Simberloff 1986). Given the urgency of 

conservation decision-making, Margules and Pressey (2000) advise that systematic 

approaches that apply available data to the selection and design of reserve networks are 

needed. 

I contend that lack of data and understanding of ecological processes in Neotropical 

lowlands-specifically forest ecosystems-has limited conservation planners' ability to 

delineate habitat heterogeneity and functional ecological linkages and processes for long-term 

protection of biodiversity. Given that regional habitat connectivity has been demonstrated in 

Neotropical montane forests by altitudinal migration of frugivorous birds that track seasonal 

fruit availability, I examined the spatial habitat-use patterns of a frugivorous parrot in the 

lowland forests of northern Guatemala as a means of defining pattern and process and 

assessing the adequacy of regional conservation planning there. Gaining wide recognition in 

the conservation planning discipline is the value of integrating several approaches and using 

multiple focal elements for developing a regional conservation strategy. This case study is 

presented, not as the only focal element, but as a very effective one to complement other focal 

elements or approaches, within a comprehensive strategy. 

In this paper, I first summarize approaches being used for conservation planning and 

provide a simplified framework to show the juxtaposition of our approach with other 

approaches. Within the spatial scale of our approach, I highlight conclusions from recent 
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methods and synthesis literature on reserve design that point to empirical gaps and needs. 

The use and characteristics of focal species is described and background on their use for 

regional conservation planning in tropical ecosystems that led to my research question and 

method selection is provided. Based on results from radio-telemetry, population surveys, and 

associated studies, I describe how the parrots function on the landscape with respect to 

spatial habitat-use during their annual cycle and how they inform us about regional habitat 

heterogeneity and linkages-or connectivity-attributes that static approaches would not likely 

reveal. I conclude that this species serves as a very effective conservation lens in a functional 

approach to design of conservation landscapes in Neotropical lowland forests. 

Reserve Design and the Conservation Landscape 

As the science of conservation planning has matured, there has been a shift from the 

more traditional single-species focus to strategies that consider a hierarchical organization of 

biodiversity and integrate multiple species and spatial and temporal scales into analyses 

(Noss 1990). Redford et al. (2003) provide a comprehensive summary of approaches being 

used for conserving biodiversity, in terms of specific conservation targets, spatial scales of 

planning, and guiding principles. They define spatial scale explicitly in both grain and extent, 

eliminating the often ambiguous or imprecise terminology used in landscape ecology (Allen 

1998). Extent-the area covered by a study, and the grain-the size of the study units, 

define the resolution of the investigation (Weins 1989). 

Spatially, approaches to conservation of biodiversity range from global or mega-scale 

to local or micro-scale (Figure 1-1 ). The focus of micro-scale conservation is in maintenance 

of ecological integrity at a scale such as single core reserves like Tikal National Park in our 

study area. The focus of global-scale conservation, such as World Wildlife Fund's Global 200, 

is in delineating relatively large units or ecoregions with characteristic communities regarding 

species composition, dynamics, and environmental conditions, which in turn are prioritized 

within the extent of the biome (Olson and Dinerstein 1998). Ecoregions are considered 

regional-scale units for conservation because they roughly delineate areas within which 

"ecological processes most strongly interact" (Olson et al. 2001). Ecoregions with globally 

outstanding biological distinctiveness-based on factors, including species richness, 

endemism, taxonomic uniqueness, unusual ecological phenomenon, intact large vertebrate 

faunas or migrations, and global rarity of the major habitat type-are proposed as targets with 

the highest global priority for conser✓ation. My study area occurs primarily within the Peten

Verecruz Moist Forest Ecoregion in the Neotropical Biogeographic Realm, in the Tropical 

Moist Broad/eat Forest Biome ( or Major Habitat Type), in the Terrestrial Realm (Figure 1-1 ). 



6 

Intermediate in extent along the spatial hierarchy of conservation approaches are 

those of the regional or macro scale-reserve networks or conservation landscapes, which 

promote ecoregional integrity if well managed. The goals are "to efficiently represent the full 

spectrum of regional diversity within a system of protected areas, and to ensure long term 

persistence of biological diversity" (Moilanan and Cabeza 2002), with a focus on maintenance 

of connectivity or restoration of ecological processes among protected areas (Noss and Harris 

1986, Phillips 2003). Such networks or ecoregional plans range from those at the 

geographically smaller focus, for example the Selva Maya Project (Rodstrom et al. 1998, 

Conservation International 2000a) to those incorporating a larger geographic area, such as 

the Mesoamerican Biological Corridor (MBC; Kaiser 2001; Figure 1-1). Considering the 

regional landscape, within the likely reality that little mature forest will exist outside protected 

areas, underscores the need to consider integrity of process or connectivity between the 

widely disjunct protected areas. 

Conservation planning at this scale requires identification of pattern and process at 

the macro or "intermediate" scale (Josse et al. 2003). However, defining the specific spatial 

coverage of those attributes (pattern and process) is challenging because the scale will vary 

with the openness of the system-the degree to which "the dynamics of patterns at a given 

scale are influenced by factors at broader scales" (Wiens 1989). For example, species with 

large space needs, like top predators and megaherbivores, are believed to play significant 

roles in maintenance of community dynamics at smaller scales, such as local dynamics of 

herbivore/plant communities (Dirzo and Miranda 1991, Terborgh et al. 1999). Physical 

characteristics of a system's landscape influence the dynamics of processes such as nutrient 

cycling and disturbance events (Josse et al. 2003) and hence, the spatial scale of those 

processes. For example, the strong influence of topographic characteristics on atmospheric 

moisture and ground water have profound effects on spatial scale and complexity of turnover 

in vegetative communities, as well as on our perception in distinguishing heterogeneity. A 

distance of 30 km and an elevational range of roughly 800 m on both the Pacific and Atlantic 

slopes of the Tilaran Mountains of Costa Rica span 4 Holdridge life zones (Holdridge 1967); 

this gradient and associated environmental variables influence phenology of fruit availability 

and underlie the migration of Resplendent Quetzals, which consequently has important 

implications on the design of the reserve network across that elevational gradient (Powell and 

Bjork 1995). In contrast, over a distance of 200 km and elevational range of 200 m, the 

lowland forests of the northern Peten lie within 1 Holdridge life zone, and the tierra firme or 

'upland' forests are generally perceived as homogeneous. 



7 

Recently, there has been considerable evolution in perspective and analytical 

development for conservation planning at the intermediate or regional scale. Three general 

approaches have been applied to reserve selection and design: representation analysis, focal 

species analysis, and special elements mapping (Noss 2000), approaches that should be 

considered complementary (Noss 1991, Noss et al. 1999). To some extent, the first 2 

approaches-representation and focal species-are based on the concept of using surrogates 

or indicators to represent biodiversity for a region. In representation or a coarse-filter 

approach, based on a selected classification of the landscape (such as habitats types, natural 

communities, or indicator taxa) in a defined area, a set of complementary sites is selected to 

produce a representative and efficient network (e.g. Noss 1996, Pressey et al. 1993, Pressey 

et al. 1996, Cabaza and Moilanen 2001 ). The focal species or fine-filter approach uses 

ecological requirements of one or a set of focal species to help determine how much area is 

needed and in what spatial configuration to maintain viable populations. It also has the added 

objective of protecting and/or managing for the habitat-spatial requirements of species that 

might otherwise be difficult to safeguard without a species-specific analysis. The fine-filter 

approach of special elements mapping is based on habitat protection for biologically unique 

areas relative to criteria such as "hotspots" of species richness (Scott et al. 1987) or endemic 

bird areas (Terborgh and Winter 1983, Wege and Long 1995), which tend to be relatively 

small conservation areas. These approaches have been organized into a framework that 

highlights their theoretical basis as static, static-dynamic, or dynamic (Figure 1-2) with a 

summary of current philosophies and pitfalls. 

The representational approach is used to determine and then fill gaps in existing 

networks (McKenzie et al. 1989, Williams et al. 1996, Pressey and Taffs 2001) orto design an 

efficient (i.e. minimum) set of areas to represent maximum biological diversity (Nicholls and 

Margules 1993) or "all natural features" (Bedward et al. 1992). Distributional data for a 

selected species assemblage or other spatially distributed indicator is classified into selection 

units, the size of which is set by the researcher (e.g. grid cells of a given dimension). Based 

on decision rules of a selection algorithm in an iterative analysis, sets of complementary sites 

are selected as protected areas in order to maximize representation of diversity (Bedward et 

al. 1992, Nicholls and Margules 1993). Through each iteration of a list of possible sites, the 

best site is chosen based on explicit rules of such measures, e.g., as distance of the site in 

question to a site already selected when there is a choice between sites equally qualified in 

other aspects (Nicholls and Margules 1993) or the number of required occurrences of a given 

element (e.g. species assemblage) in the reserve network (Bedward et al. 1992). This 

approach is based on a snapshot, or static picture, of species' presence-absence information. 



The majority of studies employing this approach have used taxon-based groups for 

the selection of sites, with a goal of generating the minimum number of complementary sites 

that represent the full range of spatial patterns of species richness for the selected taxon 
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(Flath er et al. 1997, Howard et al. 1998, van Jaarsveld et al. 1998, Lawton et al. 1998, 

Prendergast et al. 1998). The taxon-based groups used in these analyses include: mammals, 

birds, reptiles, amphibians, different insect families, e.g. tiger beetles, termites, ant lions, 

butterflies, and different plant groupings, e.g. trees, liverworts, aquatic plants. Although based 

on actual species distribution data and geographic locales, these studies primarily have been 

undertaken with the purpose of methodological evaluation, not for actual execution of a 

reserve system on the ground. Covering a wide range of study locations, the surrogate taxa 

have generally preformed poorly as indicators of species richness of other taxa. In many 

cases, comparisons of sets of complementary sites selected using different surrogate taxa 

were not concordant, a result not so remarkable given that species inhabiting the region have, 

among other differences, varying life history strategies and scales of assessing habitat 

suitability (Flather et al. 1997). Of note, were the findings of Howard et al. (1998), which 

similarly showed lack of spatial congruence in species richness among the selectetl taxa; 

however, a conservation network chosen using data from one taxon was efficient in capturing 

species richness in other taxonomic groups through "cross-taxon congruence in patterns of 

complementarity." The authors attributed this congruence to the similar patterns of 

biogeography shared by the taxa (Howard et al. 1998). 

Clearly, reliable information on species' distributions is the first step to making the 

representational approach useful, and the performance of the surrogate will depend on the 

taxa selected, the measure of richness (e.g. coincidence of hot spots, species counts), the 

scale of analysis, and the geographic region being studied (Flather et al. 1997, Cabeza and 

Moilanen 2001 ). A surrogate concept presented by McKenzie et al. (1989) has not received 

much attention or following, but conceptually appears to represent biodiversity in a more 

useful construct than the taxa-based groups. In the remote, and biologically poorly known 

Nullarbor region of Australia, the researchers initially conducted broad-scale ecological 

surveys of mammals, birds, reptiles, and plants, which were then apportioned into groups 

using a hierarchical classification of ecological characters such as habitat affinities and 

ubiquity. A minimum set of small reserves was defined to represent the range of ecological 

diversity characterized by the species assemblages. Recently, testing of indicator groups 

comprised of species selected for specific characteristics or of randomly selected, 

taxomonically unrelated species generally showed increased efficiency in representing 

biodiversity of a region above simply areas chosen at random (Manne and Williams 2003). 
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The characteristics found to be most consistent in increasing performance were related to 

small geographic range. The best selection conditions were indicator groups comprised of a 

large number of species (particularly including plant species) and small network size (small 

number of areas chosen relative to the total area); performance of these groups decreased as 

the number of areas in the reserve network increased. 

A representation approach has also been developed using environmental data as a 

surrogate to delineate dissimilar units across a landscape through analysis and mapping of 

remotely derived data (e.g. abiotic environmental data, satellite imagery). The rationale for 

this approach is based on the premise that there is a positive relationship between such 

surrogates and species diversity; the challenge is to develop a robust model for the 

relationship (Belbin 1995, Faith and Walker 1996). Studies have demonstrated a positive 

relationship between physical habitat heterogeneity and woody plant species richness (Burnett 

et al. 1998, Vance-Borland 1999). This could be viewed as a particularly important strategy 

for biologically data-poor regions of the world, however, its value can only be realized by 

integration of limited biological data with extensive environmental data where they overlap to 

allow extrapolation of the biological layer through predictive modeling (Noss et al. 1999, 

Ferrier 2002, Rouget 2003). Environmental diversity based on, for example, multivariate 

distance-sampling techniques in continuous space eliminate a priori or arbitrary clustering of 

attributes (Belbin 1995, Faith and Walker 1996). 

Habitat diversity from remote-sensed data or other general habitat classification 

schemes (e.g. ecoregions) also has been considered as a surrogate for species richness. 

Using higher levels of ecological organization, such as habitat types or ecosystems, as 

surrogates are less precise compared to species distributions, but they more likely integrate 

ecological processes for long-term ecosystem maintenance (Margules and Pressey 2000). 

Although there is some empirical evidence that lend credibility to this approach (discussed in 

Margules and Pressey 2000), results from studies generally indicate that habitat diversity has 

not served as an effective surrogate (discussed in Cabeza and Moilanen 2001 and in Lombard 

et al. 2003). Results from testing a classification of BHUs-broad habitat units-as a 

surrogate for biodiversity in South Africa showed its effectiveness to be related to species 

characteristics (Lombard et al. 2003). Rarity, limited geographic ranges, association with 

specialized habitats not delineated by BHUs, and rarity due to anthropogenic factors were 

characteristics shared by those species not encompassed in the BHU reserve selection. 

Vertebrates were cited as the group most at risk of "falling through the land class net." The 

resolution of the mapped remote-sensed data can greatly affect predictions of the pattern of 
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biotic richness and hence, ranking of areas for conservation (Stoms 1992). It was suggested 

that broad-scale conservation planning (e.g. using BHUs) would be less effective in 

fragmented or heterogeneous environments which would require finer scale resolution to 

better represent biodiversity patterns (Rouget 2003). 

Consideration of the requirements of focal species in regional conservation planning is 

another approach intended to help planners define the conservation landscape (Lambeck 

1997, Dobson et al. 1999). Typically, focal "umbrella" species (Wilcox 1984) or "landscape 

species" (Noss 2000, Sanderson et al. 2002) have large area requirements. A species may 

have large area requirements because it occurs at low density, thereby requiring large areas 

to maintain an effective population size ("area-limited" group, Lambeck 1997); alternately, the 

species' food resources may be widely dispersed and vary in their seasonally availability 

("resource-limited" group, Lambeck 1997. In this respect, species that rely on different 

habitats in a particular spatial distribution to meet their annual habitat needs are proposed to 

serve as indicators of broad-scale habitat heterogeneity and can aid in the identification of 

critical habitat linkages. The rationale for using such species is based on premises that 1) 

without specific consideration of the needs of these species, most reserves will not be large 

enough or networks configured appropriately to provide for their long-term population viability, 

and 2) protection of the spatial and compositional attributes of a landscape necessary for their 

persistence will encompass sufficient habitat and broad scale biological processes necessary 

for the persistence of many additional species (Lambeck 1997). Furthermore, focal species 

can be used to assess how regional designs are functioning or will function (Noss 1996, Noss 

2000). 

A number of recent research or synthesis projects have examined the efficacy of the 

umbrella species approach (Ryti 1992, Andelman and Fagan 2000, Fleishman et al. 2000, 

Fleishman et al. 2001, Roberge and Angelstam 2003). The effectiveness of various surrogate 

schemes to protect regional biodiversity was evaluated for three regions in the United States 

by comparing sets of species considered to have value as surrogates to a comparable number 

of randomly-selected species (Andelman and Fagan 2000). Results varied according to the 

classification of the surrogate and the number of representations stipulated in the routine. 

Generally, it was found that sets of randomly chosen species performed as well or better than 

sets of surrogate species. Furthermore, when occurrences of background or beneficiary 

species were each specified for _:::3 occurrences within sites, as would be desired in applied 

planning, surrogate schemes protected no more than about one-quarter of the species. The 

results were somewhat misleading because many of the surrogate schemes, although 
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possibly considered to be useful in conservation efforts are not widely considered to be good 

surrogates for biodiversity, including "Charismatic" or "Habitat generalists". More directed 

analysis of the usefulness of the umbrella concept comes from a review of the literature, in 

which studies of umbrella species were divided into three categories: umbrella species with 

large area requirements, umbrella species used to select sites, and the extended umbrella 

concept, for evaluation (Roberge and Angelstam 2003). Although, the authors conclude that 

there is little evidence supporting the use of single-species umbrellas with large area 

requirements, they go on to describe two studies that demonstrated support when the 

"potential beneficiary species had, as a group, specialized habitat requirements similar to 

those of the umbrella species." They further concluded that species used for selection of 

sites in reserve networks or those used to identify landscape attributes (extended umbrella 

concept), including habitat connectivity, ecosystem processes, or limited resources hold 

promise in providing guidelines for conservation planning. 

Empirical research examining scale-dependency of reptiles in Australian grazing lands 

(Fischer et al. 2004) and in a comparative study of fruit-resource tracking by frugivores in 

Mexico and Spain (Garcia and Ortiz-Pulido 2004) illustrated ecological processes operating at 

multiple scales and the value of conceptualizing the landscape with multiple species and 

overlapping scales. Using a suite of species with complementary characteristics and 

requirements rather than a single species is now widely acknowledged as the most effective 

use of the umbrella or landscape species approaches (Lambeck 1997, Noss 2000, Fleishman 

et al. 2000, Carroll et al. 2001, Fleishman et al. 2001, Sanderson et al. 2002, Roberge and 

Angelstam 2003, Fischer et al. 2004). 

In most cases, umbrella species analysis has been based on a static representation of 

occurrences of the species and, in the long term, these static analyses are "liable to perform 

badly in terms of biodiversity maintenance because persistence of species may be strongly 

dependent on sites not included in the reserve network" (Cabeza and Moilanen 2003). The 

importance of including more detailed knowledge of the spatiodynamics of species, or process 

behind patterns, in regional conservation planning is becoming more widely recognized 

(Nicholls and Margules 1993, Pressey et al. 1993, Williams et al. 1996, Flath er et al. 1997, 

Andelman et al. 2000, Rodriguez et al. 2000, Cabeza and Moilanen 2001, O'Neill 2001, 

Pressey and Taffs 2001 ). A persistence-representational strategy includes a measure of 

persistence of species by analyzing turnover rates-Le., a comparison of species occupancy 

of sites between two time periods (Margules et al. 1994, 2 other similar studies are described 

in Cabeza and Moilanen 2001 ). A number of recent studies implicitly incorporate species 
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dynamics into their strategies (Moilanen and Cabeza 2002, Noss et al. 2002, Sanderson et al. 

2002, Carroll et al. 2003, Cowling et al. 2003, Kerley et al. 2003, Pressey et al. 2003). A 

conceptual model being tested by the Wildlife Conservation Society uses the biological 

requirements of a suite of "landscape species" to define the "biological landscape", in turn 

used to define a regional conservation strategy (Sanderson et al. 2002). Landscape species 

"use ecologically diverse areas and often have significant impacts on the structure and 

function of natural ecosystems"; they "rely on the composition and configuration of landscapes 

rather than simply large areas" (Sanderson et al. 2002). 

The key points synthesized from the suite of approaches for reserve design are: 

1) To date, most have been static, pattern-based approaches, which require a large 

quantity of data on species distributions or are of coarse-resolution. 

2) Reserve selection outcomes are affected by resolution of the data (Stoms 1992, Ferrier 

2000, Roget 2003), data quality (Cabeza and Moilanen 2001), omission/commission 

error component in mapped distributions (Flather et al. 1997), and biased sampling 

(Margules and Pressey 2000, Pressey and Taffs 2001 ). 

3) Surrogates are difficult to choose; the majority of assessments indicate that there is not 

good congruence in species richness among different taxa for a region (Cabeza and 

Moilanen, Margules and Pressey 2000), however, "cross-taxon congruence in 

complementarity as well as species richness" may provide for more adequate reserve 

network selection (Howard et al. 1998). 

4) Research has been concentrated in Australia, North America, Europe, and Africa; 

studies are lacking in the Neotropics where biodiversity data are not widely available. 

5) Use of multiple focal species with complementary life history characteristics hold 

promise for guiding conservation planning, particularly those species that function at a 

regional spatial scale and can be used to identify attributes, such as habitat connectivity. 

6) Integrated conservation planning using several approaches is becoming more widely 

promoted (Terborgh and Winter 1983, Groves et al. 2002, Noss et al. 2002, Cowling et 

al. 2003, Kerley et al. 2003, Pressey et al. 2003, Redford et al. 2003). 



7) There is a recognized need in the conservation planning process for greater emphasis 

on dynamic, species-specific analyses or those that incorporate measures of species 

persistence, spatiotemporal dynamics, and ecological processes (Flather et al. 1997, 

Soule and Noss 1998, Margules and Pressey 2000, Noss et al. 2002, Sanderson et al. 

2002, Carroll et al. 2003, Cowling et al. 2003, Pressey et al. 2003). 

Background on Regional Conservation Planning in Neotropics 
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In recent decades, losses of tropical forest are among the most extreme of any 

ecosystems worldwide (FAO 1993, 2001) and such regions warrant major efforts in the 

establishment of sound conservation networks. It is the focal species approach, with carefully 

chosen species, that I believe will be among the best guides in the design of regional 

conservation landscapes in these data-poor regions of the tropics. However, few species with 

appropriate characteristics have been identified. 

In tropical forests, members of the frugivorous bird guild stand out as useful focal 

species for regional conservation planning. Although the details of their movements are 

generally unknown, many species are thought to migrate or engage in periodic regional, 

intratropical movements in response to spatial and temporal patchiness in their fruit resources 

(Stiles 1988, Terborgh and Winter 1980). The majority of information on this phenomenon 

comes from studies in montane systems where birds migrate altitudinally as they track 

seasonal fruit availability along an elevational gradient, ecologically linking several habitat 

types annually (Wheelwright 1983, Loiselle and Blake 1991, Powell and Bjork 1995, Guindon 

1996, Powell and Bjork 2004). It is now generally recognized that conservation of biodiversity 

in tropical montane ecosystems requires the protection of a suite of habitats along the 

elevational gradient. One study in lowland tropical rainforests of southern Camaroon, central 

Africa documented large-scale seasonal movements of up to 290 km of hornbills; their 

movements were closely associated with fruit abundance at the study area (Holbrook et al. 

2002). However, for the most part, little is known about spatiotemporal patterns of resource 

gradients in tropical lowland forests and animals that may rely on them. Are there frugivorous 

forest birds that engage in migrations in the lowlands? What factors influence spatiotemporal 

habitat-use patterns and how successful are regional conservation plans in protecting 

biodiversity and species persistence in the long-term? 

Lowland, moist tropical forests are one of the forest types most endangered, 

worldwide (FAO 1993, 2001). Arboreal frugivorous and granivorous birds are a dominant 

avian component of this forest type. In Amazonian Peru, they made up 24% of the bird 
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biomass, many of which are large-bodied birds belonging to Psittacidae (parrots) and 

Cracidae (guans and currasows; Terborgh et al. 1990). Large body size would infer a large 

home range (McNab 1963), and a number of psittacids are thought or known to engage in 

regional movements (Saunders 1980, Smith and Moore 1992, Bjork and Powell 1995, Collar 

1997, Renton 2000). Many species are believed to engage in seasonal migrations of a local 

nature in that they are "undertaken in part but not all of the species' range and/or involving 

only partial evacuation of areas", as was the case with the Mealy Parrots (Collar 1997). Most 

descriptions of parrot movement patterns are "vague and tentative" because of the paucity of 

specific, direct measures and the difficulty in acquiring the information. A number of likely 

cases of local movements, many occurring along an altitudinal gradient, and others termed 

"presumed", "apparent", or "nomadatic" because of lack of better data (Collar 1997). 

A handful of studies have directly documented seasonal movements of Psittacids. A 

small portion of the population of Great Green Macaws (Ara ambigua) in humid forests of 

northeastern Costa Rica makes non-breeding season migrations of 30-120 km from the 

lowlands to foothills (Bjork and Powell 1995, Powell et al. 1999). A large portion of the central 

wheatbelt population of Western Long-billed Corellas (Cacatua pastinator) in Australia was 

consistently documented to make post-breeding season movements of approximately 50 km 

(Smith and Moore 1992). Swift Parrots (Lathamus discolor) seasonally migrate between 

Tasmania and Victoria, Australia (probably following a route along the islands of Bass Strait 

(Green and McGarvie 1971 in MacNally and Horrocks 2000). 

Members of this frugivorous, vagile, and highly charismatic parrot family appear to be 

prime candidates as focal species to address questions about regional resource gradients and 

effectiveness of conservation at that scale. However, as described by eminent ornithologist 

Nigel Collar (1997), parrots " ... remain among the least known of bird groups ... In the wild they 

are defiantly problematic to study: difficult to catch; hard to mark; impossible to follow .... " The 

parrot family is the most endangered avian group, resulting largely from habitat destruction 

(Collar et al. 1997). These facts underscore the importance of conducting studies on parrots 

in the wild. 

Focal Species and Objectives 

The overarching goal of the project was to address how to delineate ecological pattern 

(i.e. habitat heterogeneity) and process (e.g. habitat linkages) for regional conservation 

planning in Neotropical lowland forests. I chose to test a focal species approach. 
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The Mealy Parrot (Amazona farinosa, Boddaert; Family Psittacidae) is the largest 

continental Amazona species (Dunning 1993) and closely associated with intact lowland 

tropical moist forest (Forshaw 1978, Howell and Webb 1995, Whitacre 1997), also referred to 

as humid tierra firma forest (Ridgley 1980). Some Mealy Parrot populations are thought or 

known to be declining due to habitat loss, and there is evidence that they are sensitive to 

deforestation. The Mexican population is "mostly restricted to extensive tracts of forest" and 

declining due to habitat loss (Howell and Webb 1995). They were thought only to be found in 

large areas of unbroken broad-leafed forest, for they were not encountered in extensive 

surveys across Honduras and they were the least common species recorded in countrywide 

point counts in two different years in Nicaragua (Weidenfeld 1993, 1995, 1999). Ridgley 

(1980) reported that although they could be seen flying over cleared areas, they rarely landed, 

and he suggested that deforestation had caused substantial declines, particularly in Central 

America, western Ecuador, and southeastern Brazil. However, in northern Guatemala they 

are still locally abundant throughout the old-growth forests, thereby facilitating their study 

there. The paucity of information on parrots in the wild, coupled with this species affinity with 

the globally threatened ecosystem in question, its probable large-area requirements and 

dependence on a patchy food resource that may be selectively vulnerable to land clearing and 

logging, suggested that the Mealy Parrot would serve as a useful focal species for this 

research. The species has among the largest geographic distribution of the Neotropical 

parrots, occurring from southern Mexico to northern Bolivia and central-eastern Brazil (Figure 

3; Forshaw 1978, Ridgely 1980); if it proved to be valuable in conservation planning at one 

site, it could be studied at additional sites to assess its conservation status and utility in 

conservation planning across a greater geographic and ecological range. 

Specific research objectives were to: 

1. Document the spatial habitat-use pattern of the Mealy Parrot throughout its annual cycle 

in the lowlands of northern Guatemala, 

2. Document the temporal abundance pattern of its food (i.e. fruit) resources as an 

explanatory variable for its spatial habitat-use pattern, 

3. Identify environmental variables underlying the patterns. 

Application objectives were to 1) evaluate the distribution and management of protected areas 

with respect to the parrots' spatial habitat-use pattern to provide recommendations for 

conservation planning in northern Guatemala and 2) develop a mode! for extrapolating the 

results to other regions occupied by Mealy Parrots where similar conservation considerations 

might apply. 
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Research was initially centered in Tikal National Park and the adjacent buffer zone 

(hereafter, 'Tikal area') with in the 21,400 km2 Maya Biosphere Reserve (M BR) in the 

Department of Peten, northern Guatemala (Figure 1-3). I expanded sampling into the 

southwestern and northwestern Peten in 2000 and 2001, respectively, to provide comparative 

data on movement patterns of Mealy Parrots nesting in other geographic regions of the Peten. 

The forests of the MBR, with the adjacent Mexican states Chiapas and Campeche, and 

northwestern Belize form the largest contiguous area of lowland tropical forest remaining in 

Mesoamerica (Sader 1999). There has been highly selective, low impact logging (specifically, 

for mahogany and tropical cedar) in the vast remote forests of the MBR for decades. 

However, increasing human expansion and demands for timber would currently be exacting 

heavy toll on the forests of that region, if it were not for the declaration of the MBR in 1990. 

The MBR is comprised of three primary management units: strictly protected core 

areas, multiple-use zone, and buffer zone (Figure 1-3). Tikal National Park, designated as a 

national park in 1955 and a World Heritage Site in 1979 (UNESCO 1979), is 1 of 8 protected 

core areas within the MBR. The multiple-use zone (MUZ) in the MBR is divided into 

"concessions" managed for extractive activities including selective logging and harvest of non

timber forest products. A concessionaire is required to prepare a management plan and have 

it approved by the Guatemalan Council of National Protected Areas (CONAP). Under a 

management philosophy of "sustainability", increased accessibility to the more remote regions 

and an expanded market for desirable timber species has brought rapid escalation of more 

intensive selective logging in the MUZ over the past 5 years. The forest still appears to be 

relatively intact, however the effect of the MUZ management program on the integrity of the 

native forest in the long-term is yet unknown. The 15-km wide "buffer" zone forming the 

southern boundary of the MBR is essentially unregulated with regard to land use (Whitacre 

1996), and within the past 20 years its old growth forests have been increasingly fragmented 

and degraded (Figure 1-4, 'Overview' box). The southern Peten is largely deforested except 

for some small areas of old growth forest in national protected areas associated with 

archeological sites (Figure 1-4, 'Overview' box). With rates of forest loss in the southwestern 

Peten among the highest globally, the continued existence of these small forest fragments is 

currently quite precarious (Brauns and Ramos 1999). 

The Department of Peten is an area of approximately 36,000 km2
. The Peten's 

lowland forests are classified as lying within 2 Holdridge life zones: subtropical moist forest in 
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the northern half and subtropical very moist forest in the southern half (Holdridge 1971 ). Most 

of the region lies between 100-400 m above sea level, but reaches peaks of approximately 

550 m in western (Sierra del Lacand6n) and southeastern (Chiqibul) regions, thereby falling 

within the classification of major forest ecosystems as "lowland tropical forest" (Hartshorn 

2001). Distinct forest types have been described for the northeastern Peten, ranging from tall

canopied (average canopy height= 21 m), palm-rich "upland" forests occurring on gently 

rolling hills to low-lying, seasonally inundated depressions of "bajo" or "scrub-swamp" forests 

(average canopy height = 10 m; Schulze and Whitacre 1999). Outside the protected areas, 

these forest types occur as fragments in a patchwork matrix of different-aged second growth 

forests, pasture, and agriculture. These habitat descriptions are generally applicable to other 

forests throughout the Peten, which include a cast of similar species. However, there are 

inter-regional differences in species composition and physiognomy (pers. obs.; CONAP 

Unpubl. reports). Generally, forests in the southwestern and western Peten are taller, more 

species-rich, and with greater biomass, but little published information is available with which 

to quantify the differences. There are a number of timber survey/management reports 

throughout the Peten as well as various biological survey reports for different national parks. 

However, these reports have not yet been analyzed and compared in a coordinated, 

systematic assessment. The Tikal area receives about 1400 mm of annual rainfall, with a dry 

season from December through May and a wet season from June through November (Figure 

1-5). Annual rainfall in the southwestern and western Peten is about 25% higher (about 2000 

mm) than in the Tikal area (Escoto 1964). 

Sampling Strategy and Data Analysis 

Radio telemetry techniques were used to document spatial habitat-use patterns of 

Mealy Parrots throughout the year. The transmitter was a collar-mounted, brass-encased 

adjustable unit (Holohil Systems, Ltd. Canada) weighing 21 g or about 3% of an average 

Mealy Parrot's body mass (mean= 660 g, Table 1-1), with approximately a one-year battery 

life. Prior to radio-collaring birds in the wild, we conducted tests on captive Mealy Parrots at a 

rescue-rehabilitation facility (ARCAS: Peten, Guatemala) to determine proper sizing of the 

transmitter collar and insure that the parrots could eat and fly normally. 

Adult Mealy Parrots were the targets of radio-telemetry because I was interested in 

birds that held breeding home ranges in specific areas, as opposed to capturing nonspecific 

birds (e.g. at fruiting trees) that might be nomadic or subadults. Therefore, breeding adults 

were captured and radio-collared at or near their nests using capture and handling techniques 

described in Appendix 1-A. With a priority on minimizing handling time of a bird being radio-
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tagged, I do not take exhaustive morphometric measurements. However, a few drops of 

blood were collected from each captured bird by clipping the tip of its toenail, preserved in the 

field, and later submitted it to a laboratory (P.E. AgGen, Davis, CA) for gender analysis. The 

parrots were released within 30 minutes after capture and monitored closely for at least one 

day after release to observe post-capture behavior. We radio-collared only one adult from 

each nest because adult parrots are generally considered monogamous and move as a pair 

throughout the year, and therefore movements of paired individuals would not be independent. 

Nests were searched for systematically in areas spatially separated by at least 5 km to 

increase the likelihood of independence among radio-collared birds. 

The term 'local' refers to the general area (roughly 50-100 km2
) of breeding home 

ranges of the radio-collared parrots within different geographic regions in the Peten and over 

which were conducted telemetry ground searches for those parrots. Frequency of tracking 

sessions varied according to the local geographic region in which the birds were radio

collared, and if the birds were in that local region or had disappeared from ground-based 

detection. Birds were tracked on a rotational basis; those in the Tikal area were each tracked 

weekly to biweekly while they were in the local area. Because of accessibility and logistic 

difficulty of radio tracking in other geographic regions, birds in the southwestern (2000) and 

northwestern (2001) Peten were tracked less frequently (approximately 1-3 times per month) 

than those in the Tikal area, and their locations, even when in their local area, were obtained 

using both ground and aerial methods. 

To locate a radio-collared parrot during a ground-tracking session, attempts to obtain 

its signal were first made from a high vantage point (e.g a hilltop, treetop, or Mayan temple), in 

the general area of the bird's capture site or previous location. If successful, the signal was 

tracked until we located the bird visually (i.e. triangulation methods were not used). Data 

collected for each visual contact included (1) geographic location using GPS-NAD27 West 

Central American datum, (2) general behavior of parrot (i.e. foraging, resting, preening, 

copulating), (3) number and species of other parrots, (4) species of perch tree, (5) fruit status 

of tree, (6) diameter at breast height (DBH) of tree, and (7) habitat type. Particular attention 

was given to recording foraging behavior or indications of foraging (e.g. fresh fruit parts on 

ground below perched bird). When possible, trackers remained with the bird to observe 

foraging behavior relative to fruit selection (e.g. fruit maturity and parts of the fruit eaten). If 

the target bird's signal was not received in its usual area, we then traveled to other local 

checkpoints, where we would listen for its frequency and for those of other radioed birds. 

Unable to find the target bird's signal after a thorough search, we would rotate to the next bird 
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on the list. Birds were tracked at various times of the day and also occasional in continuous 

tracking sessions for several hours to gain insight into their daily travel patterns. If suspected 

that our presence had disrupted the bird's normal activity, we discontinued the tracking 

session. 

When birds disappeared from ground-based detection, systematic aerial searches 

were conducted from a fixed-wing airplane (Cessna 185 or 206) to relocate them. Generally, 

aerial searches were conducted only when more than 2 birds were missing from ground 

detection. Unless there was information to direct our search in a particular region, searches 

began in the area where a missing bird was last observed and systematically expanded out in 

a box pattern of transects approximately 15 km apart, the width that we determined to provide 

thorough coverage for our landscape. When we detected a bird's signal, we used precision, 

low level aerial tracking methods to locate it and recorded its geographic position with GPS 

and habitat category. Subsequent to locating a bird from the air, every effort was made to 

relocate it from the ground and obtain information similar to that collected for any visually 

located bird (described above). Depending on the location of the observer relative to the 

radio-collared bird and the intervening topography, signal reception varied from approximately 

1-10 km for ground-based tracking and a minimum of 20 km for aerial tracking (although 

reception at greater distances was often obtained in aerial tracking). We always maintained a 

functional transmitter on the ground at the airport, which we used for testing aerial tracking 

equipment at take-off and upon return, so that if we were not successful locating birds, we 

knew it was not due to equipment malfunction. 

Since the primary objective was to describe broad scale patterns of movement and 

spatial habitat use, particularly with respect to seasonal migration, coverage was critical. 

Given the conditions of radio-tracking parrots that were geographically widely distributed in 

tropical lowland forest where little transportation infrastructure exists, it was not possible to 

collect a large number of locations for each individual. More important than large sample 

sizes was the prerequisite to minimize disturbance to the birds during the breeding season 

and verify the birds' presence in the local area (not necessarily to an exact location) on a 

frequent basis to identify if and when they moved from the local area. 

Analyses of geographic data, including estimates of 'home ranges', were determined 

with the aid of a Geographic Information System (GIS; Arcview 3.1, ESRI 1996; Animal 

Movement extension, Hooge and Eichenlaub 1997). Home range generally refers to the area 

an animal traverses to meet its foraging and breeding needs. In practice, home range can be 
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represented in two basic formats: 1) geographical display of observed locations on a map and 

2) the numerical estimation of area covered by those locations (White and Garrott 1990). 

While there are a number of different methods used in numerical estimation of home range 

size, they are often misused through serious violations of assumptions, and none perform well 

with small sample sizes (Lawson and Rodgers 1997, Seaman et al. 1999, White and Garrott 

1990, Worton 1989, Worton 1995). Since determining highly accurate home range sizes was 

not a primary objective and sample sizes tended to be small, we chose to simply present the 

radio-telemetry locations that we documented. Areas of minimum convex polygons (MCP) 

were also calculated for sets of locations divided by unique individual for a specified time 

period. We used these MCP areas to provide a coarse scale of reference and comparison to 

what we refer to as 'home ranges' and not for rigorous statistical application. We grouped 

locations obtained from January-June into the breeding season and those from July

December into the non-breeding season. To estimate the annual area used by the Tikal-area 

population, we plotted all locations of those radioed Mealy Parrots for all 4 years and then 

calculated the area of a polygon that encompassed the locations. 
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RESULTS 

We radio-tagged 32 adult Mealy Parrots between 1998-2001, distributed among 3 

geographic regions in the Peten (Table 1-1 ). At the study's initiation there had been only one 

previous success with radio-tagging large psittacines (Bjork and Powell 1994). For this 

reason, only 3 parrots were radio-collared in 1998, to determine if the transmitter system 

would function (e.g. not destroyed by the parrots' powerful beaks) and to insure that the birds 

were not adversely affected. When data from the 1998 radioed parrots indicated that they 

were migrating southwest in the non-breeding season, a pilot study was initiated in the 

southwestern Peten, radio-collaring 1 parrot there in 1999 along with 8 parrots in the Tikal 

area. In 2000, efforts were expanded in the southwest, radio-collaring 5 parrots there, along 

with another 8 birds in the Tikal area. An unsuccessful attempt to radio-collar birds in the 

northwestern Peten in 2000 led to extending the timeframe of the study through 2001 but at a 

reduced level (i.e. due to a limited operating budget) of sampling in the Tikal area and of 

ground and aerial tracking. The 5 parrots grouped in the 'NW' geographic region (Table 1) 

were actually divided into 2 regions: we radio-collared 4 birds in Sierra del Lacand6n National 

Park (hereafter, 'Lacand6n) and 1 bird in an area referred to as 'El Peru' within Laguna del 

Tigre National Park (Figure 1-4). In 2001, we also re-collared 2 birds from the Tikal area that 

had migrated in the previous non-breeding season. A total of 5 parrots from the Tikal area 

were recaptures from a previous year (Table 1-1). Figure 4 displays the areas covered by the 

nests of the radioed birds and the underlying forest cover in each geographic region. 

The sampling strategy allowed analysis of inter-annual consistency of spatial habitat

use patterns within a single region (the Tikal area) and inter-regional comparisons of spatial 

habitat-use patterns across a larger and more ecologically diverse geographic area. Even in 

the limited effort of 2001, selective re-collaring and monitoring of Tikal-area parrots that had a 

history of migration provided an intra-annual regional comparison with the northwestern 

radioed parrots. If the northwestern birds did not exhibit migratory behavior, comparison with 

known migrants from the Tikal area would allow us to decipher whether the northwestern 

birds' behavior was peculiar to that year or indicated a geographic difference. Locations and 

movement patterns of radio-collared individuals reported here generally refer to a mated pair, 

except at times during the nesting phase when one adult of the pair foraged while the other 

stayed at the nest. 

Breeding season habitat 

Nest sites of Mealy Parrots were located both in intact mature upland forest and 

mature upland forest fragments, or in two cases, in standing trees of recently heavily logged 
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forests. The nests were situated in natural cavities of very large trees, with an average 

diameter of 1 meter (mean :t. SE = 99. 7:t. 6. 76; Appendix 1-8), and 22 species (Table 1-2). 

Many of the nest trees were live (Appendix 1-B), and by visual assessment, healthy; 75% of 

the nest trees were species with commercial value for logging (as well as domestic value), 

including those with the highest value: Cedrela mexicana (cedro, tropical cedar), Swietenia 

macrophylla (caoba, mahogany), and Terminalia amazonia (canxan). Several other species 

are being promoted for commercial exploitation, although a large market does not yet exist for 

them (POTC, Table 1-2; unpubl. reports, CONAP, Guatemala). 

Birds were usually radio-collared late in their nesting cycle when the young were 

within 1-2 weeks from fledging, reasoning that the adults would be less likely to abandon the 

nest from our disturbance. Only 2 of the 32 trapping occasions ended in nest failure that 

appeared to be a result of our activities. On this one occasion, the adult was trapped when its 

nestlings were young (a few days after hatching). Following. release of the radio-collared 

parrot, continuous observations of the nest (during daylight hours) indicated that the adults 

remained close to the nest, but did not enter it. After 2 days, we checked the contents of nest 

and found that the young were gone, possibly removed by a predator in the night. On all other 

trapping occasions, radioed birds returned to and entered their nest cavities within 24 h of the 

capture session and usually within 8 h. In another situation, it appeared that the nestling was 

very close to the time if fledging. The day after radio-collaring its parent, we found the partially 

depreciated chick on the ground near the nest. Our activities may have caused the bird to 

fledge prematurely if the adult was reluctant to enter the nest on the day of its capture. 

Spatial habitat-use patterns in the breeding season were documented only for the 

Tikal-area birds. The main focus on radioed birds in the other regions of the Peten was their 

non-breeding season movements; without specific objective and limited by time and logistics, 

we obtained very few locations for them in the breeding season. Because radio-collaring was 

done late in the breeding season, we did not obtain many locations for the birds radio-collared 

in that season, but usually acquired more locations during the early part of the following 

breeding season, at least until the bird's transmitter battery stopped functioning. We 

calculated area (km2
) of the MCP breeding home range for each individual if we had .::_5 

locations for it during the season. If there were fewer than 5 locations for an individual within a 

breeding season, we grouped data from two sequential breeding seasons to increase the 

sample size. We summarized breeding home range area using MCP estimates, per 

individual, based on locations in either single breeding seasons or two seasons combined, 

(Table 1-3). Mean MCP-area of breeding home range per pair was 0.74 km2 :t. 0.18 (n = 16); 
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fragmented forest (Table 1-3). 

Daily patterns of morning movement 
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Using data from continuous tracking sessions, we characterized the typical morning of 

an adult pair of Mealy Parrots during different phases of its annual cycle to aid in our 

interpretations of the patterns of movement that we observed in canopy surveys (Chapter 2). 

Figure 1-6A-D displays data from some sessions to illustrate the following descriptions. 

Below, the timeline shows approximate periods of different phases in the nesting cycle that we 

documented in our study. 

Courtship & 
Copulation 

Young In Nest 

Incubation 

Hatching Fledging 

I JAN I FEB I MAR I APR I MAY I JUN I JUL I AUG I SEP I OCT NOV DEC 

Early during the nesting period, in January and February, the pair roosts together at 

night within approximately 500 m of their nest site (mean = 412 m .:!:_ 321, n = 3). At first light, 

they may allopreen and copulate, and then within the first 45 min after sunrise they fly to a 

new location. Within the first 1.5 h after sunrise they usually fly 2-4 times in bouts of foraging, 

copulating, vocalizing, and allopreening, before settling in to perch and rest for the next 1.5 to 

3 h after sunrise. They tend to move in one general direction rather than double back, 

traveling less than 200 m between locations (mean = 184 m .:!:_ 124, n = 12) and approximately 

400 m total linear distance (mean= 400 .:!:. 304, n = 4 birds). Figure 1-6A (17 Feb 01) and 

Figure 8B (18 Feb 01 and 22 Feb 01) illustrate movements of 3 different parrots during this 

phase. 

The pattern changes after eggs are laid and incubation begins, which lasts about 28 

days, and generally occurs March through April. Our information during this period comes 

mainly from nest observations, so we have no data on distances traveled per morning. The 

male roosts at night within about 50 m of the nest while the female incubates, or both birds 

may be in the nest for the night. Around sunrise or before, the male leaves, usually silently, 

and then returns within about an hour after sunrise. At his arrival, the female exits the nest 

and the pair leaves together usually quietly, perhaps making short flights around the area 

foraging and with the male giving food to the female; then they return to the nest and one bird 
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assumes incubation and the other leaves the area. Sometimes this activity is repeated later in 

the morning-about 2.5 h after sunrise. 

The pattern again changes during the nestling period, which occurs from April to July; 

young are in the nest approximately 60 days, with fledging taking place primarily in June or 

early July. The pair leaves the nest together around sunrise, forages at 1 to 2 locations before 

returning to feed the nestlings within 1-2 hours after sunrise. The pair remains at the nest for 

15 to 50 minutes, then leaves again for the rest of the morning. When young are close to 

fledging or just fledged, the pair makes short flights around the nesting area for most of the 

morning or after having made an early morning foraging trip. The movement pattern therefore 

tends to be back and forth to the nest with a distance of about 400 m between locations (mean 

= 427 m .± 419, n = 19) and a maximum linear distance traveled of about 700 m (mean = 691 

m .± 509, n = 10 birds). If the nest fails before fledging young, the pair resumes a movement 

pattern similar to that of the early nesting period or more expanded as in the non-breeding 

season. Figures 1-6A (14 Jun 00), 1-6C (7 Apr 00 and 13 Jun 00), and 1-6D (10 Jun 00) 

illustrate movements of 4 different parrots during this phase. 

During the non-breeding season, July through December, there is a great deal of 

variation in movement patterns. A large portion of the Tikal-area population is engaged in a 

regional migration, which takes them out of the local area (detailed in next section). Other 

birds instead remain in the local area and expand their home ranges. In the latter case, they 

fly from their night roost within the first hour after sunrise to a location where they may settle 

for at least the next two hours or may make another flight and then settle to forage and rest. 

Generally their flight path is in roughly one direction, traveling an average of 550 m between 

locations (mean= 533 m .± 700, n = 11) and a maximum linear distance of about 850 m per 

morning (mean= 839 m .± 893, n = 6 birds). Figure 1-6D (27 Aug 99, 10 Dec99, and 16 Dec 

99) illustrate movements of 2 different parrots during this phase. 

Non-breeding season habitat 

In all four non-breeding seasons, the majority of radioed birds from the Tikal area left 

their breeding home ranges and moved to other locations in a generally consistent 

spatiotemporal pattern, while those from other regions of the Peten displayed different 

patterns. In 1998, all 3 radioed parrots left their breeding sites in the Tikal area in early to mid 

Ju!y and traveled at least 40-60 km northeast to locations in the MUZ and Rio Azul National 

Park (Figure 1-7A). In late August, two of the birds reappeared in the Tikal area, heading 

southwest, and then disappeared from our detection. While conducting our 3.25 h morning 
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canopy surveys (as part of another component of the project, Chapter 2) in the Tikal area in 

late August 1998, we observed large flocks of Mealy Parrots (41-48 birds on 3 different days) 

flying high and in a southwesterly direction as if engaged in a migration at the same time our 

radioed Mealy Parrots disappeared. Despite intensive ground and aerial searches for the 

missing radioed birds across the entire Peten, we did not relocate them until they returned to 

their breeding season home ranges in the Tikal area at the end of the non-breeding season. 

During our searches, however, we did discover large concentrations of Mealy Parrots in forest 

fragments in the southwestern Peten in September 1998. These findings led to our decision 

to initiate research in the southwestern Peten in the following year. 

In 1999, we radio-collared 8 adults in the Tikal area. Similar to 1998, the majority of 

birds left their breeding areas in late June to mid July and traveled northeast up to 90 km, with 

one bird located across the border in Campeche, Mexico (Figure 9B). The birds remained in 

the northeastern region for 5-12 weeks, returned to their local breeding area, and then 

traveled southwest. One bird moved 95 km from its nesting territory to forest fragments in the 

southwestern Peten (Figure 1-7B) where it remained for about 1 month. In 1999, we also 

radio-collared 1 bird with a breeding range in the southwestern Peten (near the migration 

location of the Tikal-area bird). This bird generally remained within a 3 km2 area, except for 

an approximately 3-week period in late November-early December, when we located it 13 km 

(26 Nov 99) and 36 km (3 Dec 99) southwest of its breeding area (Figure 1-7B). 

In 2000, we again radio-collared 8 Mealy Parrots in the Tikal area, all of which moved 

between 15-60 km northeast of their breeding areas, where they remained approximately 1 

month. Some returned to the local area and stayed there the rest of the season, while others 

traveled 52-190 km southwest of their breeding areas into the southwestern Peten and the 

large protected areas in eastern Chiapas, Mexico (Figure 1-?C). They returned to their Tikal

area breeding ranges in December and early January. In this same year, we also radio

collared 5 birds with breeding home ranges in the southwestern Peten. In October, we 

documented one of these birds in a location approximately 50 km southwest of its breeding 

area, however, primarily these birds showed dispersed movements in their local area with no 

consistent pattern (Figure 1-7C). The MCP-area of the non-breeding season home ranges for 

the 4 birds that were not documented outside their local region of activity were 3-151 km2 or a 

mean of 73.91 km2 .:t. 60.49 (Table 1-4). 

In 2001, we were unable to obtain complete information on the two Tikal-area birds 

when they migrated or on the other 5 birds that were located in the remote northwestern sites 
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because of limited resources for aerial telemetry. Nevertheless, we again documented the 

northeast-southwest migration of the two Tikal-area birds (Figure 1-7D). One of these birds 

used the same non-breeding season area in Chiapas, Mexico as it did in the previous non

breeding season (red circles: Figure 1-?C & D). The other Tikal-area bird moved to the same 

northeast location as it had in the previous year, returned to its local area, then disappeared 

from our ground and aerial detection until it re-appeared in its local area on 7 December, 

suggesting that it had also engaged in the southwestern migration as it did in the previous 

non-breeding season (orange circles: Figure 1-?C & D). Figure 8A-B display non-breeding 

season home ranges of southwestern and northwestern birds at a scale larger than Figure 9 

to emphasize the differences in pattern between these 2 groups relative to forest cover. In 

contrast to the Tikal-area birds, 3 of the 5 parrots radio-collared in the northwestern Peten in 

2001 displayed relatively small non-breeding season home ranges; at 2-10 km2
, they were 

similar to the size of Tikal-area birds' ranges during the breeding season (Table 1-4, Figure 1-

8B). Because of logistic difficulties during this period, we cannot be certain about the 

movement pattern of one of the northwestern birds (dark blue squares, 1-7B), which first 

disappeared from ground detection during the month of August and then was located 25 km 

northeast of its breeding site in late-September. It could not be re-located (ground tracking) 

during the first 2 weeks of October. Its signal was heard in its local area during an aerial 

tracking session in late October, but its specific location was not obtained. Again, it was 

located near its nesting area in November. The radioed bird in El Peru remained within a 

relatively small area (dark purple squares: Figure 1-7D), however we had large gaps between 

tracking sessions for that individual as well. 

There was an inter-annual difference with respect to percent occurrence, 

directionality, and distances traveled in the southwestern migration of the Tikal-area birds. In 

2000, the birds inhabited more westerly locations and at greater distances from their breeding 

territories than in 1999 (Figure 1-7B & C, Table 1-4). In 1999, 43% (3 of 7 birds) moved to 

southwestern locations,_ which were an average of 56 km (:!: 34 km, n=3) from breeding sites, 

whereas in 2000, 75% (6 of 8 birds) moved a mean distance of 140 km (:!: 60 km, n=5). One 

individual was radioed in both years, and it did not engage in the southwestern migration in 

either year. 

A compilation of the 4 years of Mealy Parrot locations for the 2 phases of their 

migration shows that their locations encompass an area of approximately 10,000 km2 (Figure 

1-9). Although the overall area covered by the Tikal-area parrots, as a whole, was 

considerable, they concentrated in a few regions for most of the non-breeding season period. 
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From mid June through August, parrots concentrated in the multiple use zone of the Maya 

Biosphere Reserve, specifically the Arbol Verde forestry concession (Figure 1-1 0A). From 

October through November, the birds concentrated in the southwestern Peten forest 

fragments and the Lacantun and Montes Azules Biosphere Reserves in southern Mexico 

(Figure 1-10B). It was in this area that we documented the parrots traveling to sites at 1000 m 

in elevation along the eastern edge of the mountains, where they foraged on oak (Quercus 

spp.) acorns. Mexican farmers living in the region of the non-breeding season sites in Mexico 

informed us that numerous, huge flocks of Mealy Parrots annually appear in their forests in 

October and November and then disappear. Their observations correlate well with the 

movements of our radio-collared birds and suggest that the migration of the Tikal-area parrots 

documented in 2000 and 2001 is not unusual. Similar to habitat use during the breeding 

season, we located radioed parrots only in mature upland forest during the non-breeding 

season. 

In summary, the Tikal-area parrots tended to leave their breeding home ranges in mid 

July, and first travel northeast to sites at least 84 km from their breeding areas, where they 

remained for three to five weeks. They then returned to their local ranges for a few weeks 

(late August) and traveled southwest up to at least 195 km where they remained for 2-4 

months until November-early January, at which point they again returned to their breeding 

home ranges. Overall, for the Tikal-area birds, 79% engaged in the northeasterly movement, 

and 71% in the southwesterly movement (Table 1-4). Total linear distance traveled from the 

furthest point northeast to the furthest point southwest was 30-223 km (mean=143 .:!:_ 61 km, 

n=11; Table 1-4). Tikal-area birds that did not migrate had MCP-area home ranges during the 

non-breeding season of about 50 km2 (mean= 53 km2 
.:!:_ 85, n = 6 birds). Those that migrated 

to locations in the southwestern Peten or across the border into Mexico had home ranges at 

the migration site of approximately 300 km2 (mean= 288 km2 
.:!:_ 214, n = 6 birds). Even 

though there were fewer radioed birds, with fewer total locations, and for only one year in both 

the southwestern and northwestern study areas, the data strongly suggest that Mealy Parrots 

in those areas behave differently relative to their seasonal movement patterns. Birds in both 

regions appeared to engage in little migratory behavior. Those in the southwest tended to 

cover much larger areas compared to those in the northwest, however neither group showed a 

consistent direction of movement and generally maintained regular presence near their 

nesting area throughout the non-breeding season. The level of forest loss and fragmentation 

in the southwestern Peten could, at least in part, account for the much larger average home 

ranges of the southwestern parrots compared to those in the northwest. 
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DISCUSSION 

Mealy Parrots are mature upland forest specialists, and a large portion of the adult 

population of northeastern Peten engages in an annual migration covering a few hundred 

kilometers across a lowland landscape. Data from the population surveys in the Tikal area 

(Chapter 2) substantiated the habitat specificity we observed in the radio-collared parrots, and 

evidence of the migration allowed us to interpret the significant decline in density documented 

in the population surveys as a migration of the population out of the region during the non

breeding season. Of greater significance than the large annual area covered by the Tikal-area 

Mealy Parrots is the consistency of their movement patterns and the specific locations that 

they utilized. These are not just post-breeding nomadic movements in a dispersed pattern 

around their breeding season home ranges. The birds exhibited a diagonal northeast

southwest orientation in their movements in all four years. 

We undertook additional telemetry research on birds in the western Peten to obtain a 

measure of the extent to which the migration occurs across a larger segment of the 

population. These birds exhibited no indication of a distinct migration. We recognize that our 

interpretation is based on a small sample of parrots that were monitored less frequently than 

those in the Tikal area and, on various occasions, individuals disappeared and we could not 

locate them in limited aerial searches. However, during the period July through November, 

when parrots in the Tikal area engaged in their northeast-southwest movements spanning a 

distance of up to 200 km, the western radioed parrots generally remained in their local area. It 

is likely that the spatial use pattern of the single radioed bird in El Peru (Laguna del Tigre 

National Park) was not representative of parrot behavior for that area, in light of findings from 

another study. Results of a one-year ecological inventory/research project in Laguna del Tigre 

in 1998 showed a large difference in abundance of Mealy Parrots between wet and dry 

seasons suggestive of migrations there as well (Mendez 1999). 

Data from canopy surveys to estimate population densities of the six Tikal-area parrot 

species revealed that migration is common in this parrot community. Four of the six species, 

including Mealy Parrots, showed significant declines in densities from breeding to non

breeding seasons (Chapter 2). These seasonal declines corresponded to timing of radio

collared Mealy Parrots leaving the Tikal area. This correlation, between migration of radio

tagged birds and seasonal change in density at the population level, supports the hypothesis 

that the decline in density reflects a net movement of birds out of the Tikal area. Because 

surveys were conducted in the major habitattypes in the Tikal area throughout the year, it is 

clear that these species were not just shifting to other habitats within the same local area. Our 
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observations at migration sites of radio-tagged Mealy Parrots during the non-breeding season 

indicated that these were not the same sites used by the other three species (which exhibited 

minor to completely different habitat affinities than Mealy Parrots); we made few observations 

of the latter anywhere in our searches during the non-breeding season. 

Addicott et al. ( 1987) define the spatial and temporal scales of activity of organisms as 

"ecological neighborhoods", the dimensions of which provide a basis to scaling environmental 

patterns and processes. Intra-regional differences in spatial coverage and temporal pattern of 

movements among Mealy Parrot sub-populations in northern Guatemala were used as a 

scaling guide to begin deciphering the ecological pattern (i.e. habitat heterogeneity) and 

process (e.g. habitat linkages or connectivity) influencing migration and space-use dynamics 

and for assessing the efficacy of regional conservation. Although we can only speculate on or 

provide supportive data for the underlying mechanisms influencing these patterns, it seems 

likely that the migration is, to a large extent, influenced by food (i.e. fruit) availability. 

However, in lowland tropical forest systems, where topographic relief does not strongly 

influence temperature and rainfall, there is little information on spatiotemporal patterns of fruit 

abundance or seasonal migrations of frugivorous species. 

There is some evidence that local movements of avian frugivores are related to 

distribution of rainfall, and its effects on vegetative growth and drinking water (Collar 1997). 

Leck ( 1972) and Karr (1977) hypothesized that a set of nectivore/frugivore birds were local 

migrants from drier habitats to their study sites in central Panama. In the wet forests of La 

Selva Biological Station in Costa Rica, Loiselle (1988) found little evidence of seasonal 

variation in abundance of the dominant canopy species-the large frugivores including 

parrots. Renton (2002) documented a significant decline in encounter rates of macaws during 

the dry season compared to the rainy season in floodplain habitat in Peru; this variation was 

consistent with a documented decline in plant productivity in floodplain habitat at that time of 

year. Evidence contrary to this general correlation comes from an analysis of rainfall patterns 

and relative abundance of birds grouped by feeding guild and migratory-resident status in 

tropical thorn woodland in northeastern Venezuela (Tarroux et al. 2003). However, the 

authors explained that lack of a correlation between rainfall and frugivore/granivore guilds was 

probably due to their method of analysis and low abundances of species in those guilds. 

The principal hypothesis developed from our research is that in a region with a distinct 

• seasonal climate such as the Tikal area, resulting in seasonal abundance of fruit resources, 

Mealy Parrots migrate during times of low fruit abundance to areas of higher fruit abundance. 
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However, data for the vegetation and climate of the Peten, and hence our understanding of 

the system, is still not well developed. The vegetation map underlying the parrot locations 

(Figure 1-9) displays forest cover as it existed in 1999 and provides the first classification of 

vegetation for the tri-national Maya Forest (Conservation International 2000b). Once virtually 

covered in tropical forest except for some extensive areas of wetlands in the northwestern 

Peten, the map reveals the striking contrast in forest cover between lands inside and outside 

protected areas. Particularly salient is the loss and fragmentation of mature forest in the 

southern Peten. Comparison of the southwestern and northwestern groups of radioed birds 

(although based on data collected in different years) suggests that habitat differences, with 

respect to amount of forest cover and forest fragmentation, influenced the spatial area used by 

those individuals in the non-breeding season (Figure 1-BA & B). Examination of forest 

distribution and Tikal-area Mealy Parrot locations in the non-breeding season suggests that 

the parrots are seeking areas where large expanses of forest still exist, moving first to sites in 

the intact regions of the northeastern MBR and then traveling across the largely deforested 

eastern and central portion of the Peten to the larger remaining forest patches in the 

southwestern Peten and large expanses of forest in southeastern Mexico (Figure 1-9). 

Furthermore, the consistency of timing and orientation of their movements suggests that there 

is an underlying environmental gradient. 

The Selva Maya, the largest contiguous area of lowland tropical forest remaining in 

Mesoamerica, spans Guatemala, Mexico, and Belize, and encompasses numerous centers of 

the ancient Maya civilization. The more than 20 wildlife reserves, national parks, and 

biosphere reserves existing in the Selva Maya form key components of the Mesoamerican 

Biological Corridor (MBC). Significant research by NASA relative to the MBC and other 

conservation questions (Sader et al. 1997, 2001; Sever 1998, Sever & Irwin 2000) has 

focused on the heart of the Selva Maya, the Maya Biosphere Reserve. Despite the focus of 

these initiatives, most of the mapping of biodiversity across the Peten to date has involved 

only this coarse-scale analysis to delineate broad categories of forest as "High/Medium" or 

"Low" forests (Figure 1-9; Conservation International 2000b, Sader et al. 2000). Natural forest 

communities delineated in the recent Maya Biosphere Reserve Master Plan (CONAP 2001) 

continue to combine eastern and western forests of the northern Peten into the same 

categories, even though very different precipitation conditions exist across the region, 

conditions which likely influence the composition and structure of forest communities. All the 

aforementioned maps are based on minimal ground data to distinguish and verify habitat 

types. However, even with adequate ground data, finer scale habitat classification using 

satellite imagery in tropical forests of moderate topography is extremely limited. 
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During the final 3 years of a 4-year study, I have endeavored to produce a habitat 

map for the northeastern Maya Biosphere Reserve at a resolution that would discriminate 

differences in habitat pattern between the Tikal area and the northeastern region of the MBR, 

thereby reflecting an underlying influence on the parrots' seasonal migration response to that 

region. My approach has been to conduct a computer-generated "supervised classification" 

(ERDAS IMAGINE) using Thematic Mapper satellite images, ground-truthing data from 

extensive regional sampling of the tree community, and a recent classification of habitats in 

Tikal National Park developed by Schulze and Whitacre (1999). My collaborators in this 

analysis included Dr. Steve Sader, University of Maine/NASA (satellite image donations), 

Victor Hugo Ramos (Guatemalan governmental GIS Department), Mark Schulze, University of 

Pennsylvania (vegetation consultant), Maria Fiorella, Oregon State University (image analyst 

consultant), Daniel Irwin (image analyst, NASA Stennis Space Center), and Dan Hayes 

(image analyst, OSU graduate student). Although the draft map remains a work in progress, 

it does indicate that wetter forest exists in the northeast compared to drier forest in the Tikal 

area. The salient point is that even with extensive expertise, imagery, computing power, and 

countless hours devoted to developing this classification, I have been unable to produce a 

habitat map that identifies heterogeneity of forest correlating to the parrots' spatial-use pattern. 

Reserve design approaches based on representing habitat heterogeneity will not capture the 

dynamic heterogeneity revealed by the parrots. 

Regional patterns of habitat and edaphic data for the region show distinct gradients 

(Figure 1-11). Although providing only a coarse scale perspective, all three graphics display a 

clear latitudinal gradient from north to south with: increase in rainfall (A) and drier to wetter 

forests, i.e., subtropical moist to subtropical wet forest life zones (B), and tropical evergreen to 

tropical rainforest habitats (C). Examination of more detailed rainfall data across the region of 

migration shows some interesting patterns (Figure 1-12). First, although the general regional 

trend in rainfall is decreasing from south to north, rainfall for the Tikal region is about 15% 

lower than at Gallon Jug, Belize which lies about 70 km northeast of Tikal, and Rio Bravo, a 

site 30 km north of Gallon Jug is also known to be wetter (M. Schulze, pers. comm.). Fifty 

kilometers north of Rio Bravo, in Mexico, annual rainfall is at a level similar to Tikal. These 

data suggest that there is a lens of moister conditions in northeastern Peten between Tikal 

and the Mexican site. Comparisons of Tikal to sites in the southwest show a clear trend of 

increasing rainfall, with Tikal ranking about 15% less than Flores (45 km SW), 35% less than 

Porvenir (120 km SW), and 50% less than Bonampak (160 km WSW}, the !ater two stations 

located in the area of the southwest non-breeding season locations of the parrots. Relative to 

its seasonal distribution across the region, the large difference in total rainfall occurs mainly 
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during the wet season, when it is >50% higher in the southwestern Peten and adjacent Mexico 

than in the northeastern Peten. It is relatively similar among the stations during the dry 

season. Comparison of sites in northeastern Peten shows that rainfall in July and August 

alone (period in which radioed parrots traveled northeast) accounts for 53% of the higher total 

annual rainfall at Gallon Jug compared to Tikal. 

The prevailing opinion about the influence of rainfall on fruiting phenology is that in 

drier, highly seasonal tropical forests, fruiting is concentrated in the late dry season in order to 

synchronize germination of the seeds with the onset of the rains. Consistent with this view, 

peak fruiting in the Tikal area occurred at the end of the dry season and early wet season with 

low levels of fruiting throughout the wet season (Appendix 1-B). The principal ways in which 

fruit abundance in mature lowland forest could vary regionally are through varying patterns of 

1) fruiting phenologies both within a regionally distributed species or among species, 2) tree 

species richness, 3) tree species composition, and 4) density within a tree species. There are 

few or no data on these variables or even descriptions of regional forest community diversity 

of the Peten. Observations of radioed birds in their non-breeding season locations have been 

extremely limited primarily because of difficulty of access to these remote sites during the wet 

season. However, the information we have collected lends support to food abundance as an 

important factor influencing the parrots' movements. We documented at least 1 tree species 

that has quite different intra-regional fruiting phenologies. Brosimum alicastrum (ram6n) is 

widespread throughout the Peten. In August 1998, at a site where our radio-collared birds 

concentrated during the northeastern migration leg, we found not only parrots but also 

concentrations of howler monkeys (Alouatta pigra) and spider monkeys (Ate/es geoffryt) and 

white-lipped peccary (Tyassu pecan), eating ripe fruits/seeds of B. alicastrum; trees of this 

species did not have fruit in Tikal. In 2000, B. alicastrum displayed peak fruiting in the 

southwestern Peten in May, in contrast to Tikal where it fruited in January-February and in 

August-September of that year. During the non-breeding season, southwestern parrots and 

the Tikal-area parrots in their southwestern locations foraged on fruits of several species that 

do not occur in the Tikal area. In the context of the hypothesis that food resource availability 

influences migration, a 'non-migratory' behavior of the western parrots would suggest that 

food resources are more consistently available there compared to the Tikal area. 

A tree phenology study conducted in dry and wet forests in Costa Rica (Frankie et al. 

197 4) provides a potential parallel to northeast ( dry) and southwest (wet) Peten sites. In the 

Costa Rican dry forest site, which has a rainfall pattern similar to northeastern Peten both in 

seasonality and quantity, peak fruiting occurred in. April just prior to the onset of the rainy 
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season, and the number of species with mature fruit declined to very low levels during the wet 

season. In contrast, in the wet forest site (4000 mm annual rainfall), peak fruiting occurred 

from August through October and a large number of species had mature fruit in any month of 

the year. The southwestern Peten and southern Mexico have considerably higher rainfall 

compared to Tikal (50% higher during the wet season), and upland forests there have higher 

tree species diversity than upland forests in the Tikal area (Schulze, pers. comm.). Higher 

tree species diversity would likely translate into greater numbers of trees with fruit at all times 

of the year and greater foraging opportunities during periods of fruit scarcity. This synthesis of 

our data and information from the literature suggests that over distances of a few hundred 

kilometers there are observed differences in fruiting phenology, composition of the forests, 

and rainfall, and that these probably play significant roles in shaping the site-area , 

requirements of the Mealy Parrot. 

Status of Habitat Protection 

Some areas stood out as particularly important for the Tikal-area Mealy Parrots during 

the non-breeding season: mature intact forests northeast of Tikal within the community logging 

concession of "Las Ventanas" Arbo! Verde and the MBR's biological corridor in the northeast 

and mature upland forest fragments and intact forest in southwestern Peten and southeastern 

Mexico, respectively. Changes in quantity and quality of mature forest are occurring 

throughout the migratory path of the parrots. 

In the MBR, logging concessions are being permitted in the multiple-use zone, and 

certainly they are a preferred alternative to complete deforestation. However, they are 

consistently referred to as "sustainable," yet aside from simple forest regeneration models, 

there is no analysis of the long-term sustainability of their management schemes. Another 

concern is of the indirect effects and secondary impacts of selective logging, particularly 

increased susceptibility to fire as the canopy of this closed canopy forest type is opened 

(through logging and the infrastructure that supports it) resulting in more light penetration and 

concomitant desiccation. 

The number of tree species targeted for logging is expanding; these species and the 

size classes designated for harvest provide important food and nest sites for the Mealy 

Parrots. The area most heavily used by the Mealy Parrots in their northeastern migration leg 

lies within "Las Ventanas" Arbo! Verde's harvest area Number 3, or Strata C, scheduled for 

logging in 2009 (CONAP 1999). Analysis in the management plan described "Strata C" as 

having the greatest number of individuals, basal area per hectare, and number of 



commercially valuable species compared to all other regions in their 650 km2 management 

area (CO NAP 1999). Could some of these same forest characteristics be underlying the 

concentrated use of this region by the migrating Mealy Parrots? 
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Mealy Parrots only nest in cavities in very large trees with mean DBH of 1 m, several 

of which have commercial importance. In Figure 1-14, the X-axis shows the categories for 

diameters of 20 species of trees in the Arbo! Verde concession. The Y-axis shows the 

number of trees in each category. The different shades of gray refer to the tree species' 

commercial status and its use by Mealy Parrots for nesting. There are approximately 8 

trees/ha larger than 50 cm diameter-the size above which the trees are logged. There is 

only approximately 1 tree/ha in the diameter range used by Mealy Parrots for nesting. In 

addition, not all of these large trees have nesting cavities, and a number of other species, 

including forest-falcons (Micraster spp.) and kinkajous (Potos flavus) require cavities in large 

trees. 

The timber market and management entities continue to propose more species of 

trees with potential commercial value. Two tree species, Terminalia amazonia (canxan) and 

B. alicastrum stand out as particularly important for Mealy Parrots and, at least the latter tree 

species, for wildlife in general. T. amazonia is the species most commonly used by Mealy 

Parrots for nesting, and it is rapidly increasing in commercial importance. Of particular 

concern is the growing interest in harvesting B. alicastrum. It is already being harvested in 

some areas for production of plywood (pers. obs.), and it is listed as a "potentially commercial" 

species in current forestry management plans, including that of Arbo! Verde (CONAP 1999). 

B. alicastrum may be among the most regionally important tree species as a food (Le.fruit) 

resource for wildlife, potentially functioning as a "keystone" species (Gilbert 1980). B. 

alicastrum is widespread throughout the Peten, and it produces fruit during times when the 

majority of other species do not have fruit (pers. obs.). Therefore, it likely provides 

sustenance for many wildlife species of the forest when there is reduced availability of other 

food resources. It belongs to Moraceae, a family that includes the fig species (Ficus spp.), 

well known for their probable keystone role in ecosystem function and importance to wildlife 

(Terborgh 1986, O'Brien et al. 1998). 

At the other end of the migratory path lies the southwestern Peten, described in the 

national newspaper as the "tierra sin ley" or land without law (Prensa Libre, 5 November 

2000), where even strictly protected forests are undergoing rapid conversion. Figure 1-14 

illustrates the change in forest cover across the Peten due to agriculture and cattle ranching 



during the period 1962 to 1993 (unpubl. data SEGEPLAN, Guatemala). Direct deforestation 

ranks among the highest globally at 3.2% annual deforestation (PROSELVA 2000)-even in 

the strictly core zones where escaped agricultural fires have consumed large areas of the 

remaining forest. A preliminary analysis of its influence within southwestern management 

zones indicates that during the period 1998-2000, fires annually damaged about 10% of the 

remaining forests, on top of the 2% annual deforestation rate (Brauns and Ramos 1999). 

Fires continue to ravage the Peten as illustrated in analyses of satellite imagery depicting 

frequency and accumulation of fires in Spring 2003 (Figure 1-15). In the southern Peten, 
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there is currently no international support, only Guatemalan government support for vigilance 

of the existing protected areas and for conservation programs like habitat restoration and 

management, and improved agricultural practices. Such rates of deforestation and fire 

impacts paint a desperate picture for the future of the forests of the southern Peten. 

Continued support for protected areas in Mexico appears critical to maintenance of ecological 

linkages from the MBR to the southwest. However, that region-the Montes Azules-Lacantun 

Biosphere Reserve-is also under intense cultural conflict (La Jornada, 15 December 2002) 

and is far from secure in its status as a protected area. 

One look at the fire maps (Figure 1-15) leaves no question that limited conservation 

dollars and conservation interests have justifiably focused on the vital organ of the Selva 

Maya, the Maya Biosphere Reserve. Pressure from development continues to threaten this 

relatively intact habitat block, including a proposed highway between eastern Mexico and Tikal 

National Park that would cut deep through the heart and would have devastating long-term 

effects on one of the last great wild areas in Central America (BID 2001, Godoy 2001 ). This 

intact block should remain a conservation priority. Large relatively undisturbed forest blocks 

are essential for effective conservation of complex tropical ecosystems, however they do not 

necessarily provide representative protection for ecologically distinct habitats or for the full 

complement of habitats that some species need during their annual cycle. If conservation 

efforts focus only on large relatively intact protected areas, we will leave the conservation 

needs of some organisms and habitats unmet. 

Conceptually, the Mesoamerican Biological Corridor (MBC) is presented as a network 

of existing and· proposed protected areas connected with proposed corridors of natural habitat 

extending from Mexico to Panama with the primary goal of maintaining habitat connectivity 

and biodiversity. Results from this Mealy Parrot research provide a compelling scientific basis 

to guide priorities in a regional reserve network of such a program. Yet, despite efforts to 

educate the director of the Guatemalan MBC program, staff of the Guatemala Council for 
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National Protected Areas (CONAP), and international GO and NGO organizations involved in 

conservation of the region (USAID, TNC, WCS), I failed to gain support for inclusion of the 

southwestern Peten in priority sites for conservation. The MBC's goals of maintaining 

ecological processes and habitat connectivity appear to have been replaced by political 

agendas, the reality of poverty across the landscape, and disproportionate funding 

apportioned to sustainable development instead of support for protected areas; "What started 

out as a science-based project has become populist-based and less guided by ecological 

principles" (Kaiser 2001 ). 

To fully realize the value of this study's results, the next step is to expand its sphere of 

inference. Extrapolation of the results to other regions occupied by Mealy Parrots, 

identification of areas in which similar conservation considerations might be appropriate, and 

field testing and refinement of the hypothesis would further shape the applicability of the 

approach. Comparison between two studies at opposite ends of the species' distributional 

range may elucidate additional or another set of variables that have better predictive power 

(adaptive model). Extrapolation would involve mapping of environmental correlates (e.g. 

habitat type, precipitation, seasonality) across the geographic distribution of the Mealy Parrot 

to predict occurrence of migratory responses. Figure 1-16 illustrates the results of mapping 

forest cover (FRA 2000) and mean annual precipitation (GIS Program, Wildlife Conservation 

Society, NY) in the Neotropics. These data sets are of coarse resolution; more accurate data, 

especially for precipitation, are needed for predictive modeling to be useful. Advances in 

remotely sensed data are occurring rapidly, and accurate abiotic data at a useful resolution 

should be available in the near future. Within this environmental space where Mealy Parrot 

migratory behavior is predicted occur, areas can be evaluated for conducting a similar 

telemetry study, for example, at a site within a global conservation priority ecoregion (Olson 

and Dinerstein 1998) or a site where other research programs are currently underway and 

where the likelihood is high that resulting data will be used to advance bioregional 

conservation planning for that area. If the relationship between the parrot's pattern and 

landscape variables can be quantified, then the derived landscape metrics could guide 

conservation planning without undertaking involved autecology field research (Noss 2000). 

Conclusions 

In summary relative to what we have accomplished and where we go from here: 

Pattern and Process 

1. We identified a Neotropical lowland forest species, the Mealy Parrot, which has 

varying annual spatial-use responses among its sub-populations ranging from non-
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migratory to migratory within a regional area (~50,000 km\ the largest area-response 

of a sub-population was a seasonal migration covering ~10,000 km2
. 

2. Mealy Parrots occur in throughout the Department of Peten, and therefore a static 

analysis based on presence alone would indicate that due to the protection they 

receive the MBR, the southwestern Peten or adjacent Mexican lowlands would not be 

elucidated as valuable in the species' long-term viability or, probably, as having 

unique ecological characteristics. A similar picture could be presented for the food 

resource important to many wildlife species, Brosimum alicastrum. This species is 

also distributed throughout the Peten, yet it appears to have high variability in its 

spatiotemporal production of fruit and may be a keystone species in maintaining a 

number of wildlife species in times of fruit scarcity. 

3. Mealy Parrots serve as model focal or landscape species for identifying regional 

pattern and process at a scale not currently recognized through other regional 

conservation analyses. Intra-regional differences in the spatiotemporal habitat-use 

pattern among Mealy Parrot sub-populations in northern Guatemala were used as a 

scaling guide to begin deciphering the ecological pattern (i.e. habitat heterogeneity) 

and process (e.g. habitat linkages or connectivity) influencing these dynamics. 

4. Methods using remote-sensed data (i.e. satellite imagery) have not been adequate to 

produce a habitat map that identifies heterogeneity of forest that correlates to the 

parrots' spatial-use pattern. Reserve design approaches based on representing 

habitat heterogeneity in a set of complementary sites will not capture the functional 

heterogeneity revealed by the parrots. 

Management and Conservation 

5. A study of the impact of logging on nest availability of cavities, particularly with respect 

to the large, limited trees would be valuable in assessing forest management (i.e. 

harvest) plans. 

6. Mealy Parrot's spatial habitat-use was also used to assess the efficacy of regional 

conservation: 

*This study and telemetry research on the highly endangered Scarlet Macaw (Ara 

macao; GSF 2001) provide evidence supporting the unique value of the southwestern 
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Peten habitats for wildlife species of the Maya Biosphere Reserve. These forests 

need to be recognized by the greater public and by funding institutions as important 

pieces of a functioning system that need immediate attenction before they are lost. 

Large funding sources like USAID need to be directed to support efforts in this region. 

Gaping deficiencies in habitat protection in that region require immediate attention and 

increased protection if the last fragments of old-growth forest have any chance of 

persisting. 

*Concerns exist regarding logging, scheduled to begin in approximately 2005, in a 

portion of the "Las Ventanas" Arbol Verde forest concession where Mealy Parrots 

from the Tikal area annually concentrate during the first leg of their migration. The 

governing agency, CONAP, should examine alternative management strategies for 

harvest area "Strata C" that would minimize disturbance of that site. 

7. Harvesting of Brosimum alicastrum and its promotion as a commercially viable tree 

species should be halted until greater understanding of its role in the long-term 

ecological integrity of the forests of the MBR. 

8. Results from this study provide compelling scientific basis for programs like the 

Mesoamerican Biological Corridor plan in Guatemala to include the southwestern 

Peten in its priority sites for conservation. 

Future Challenqes and Directions 

9. The principal hypothesis developed from our research is that in a region with a distinct 

seasonal climate, resulting in seasonal abundance of fruit resources, Mealy Parrots 

migrate during times of low fruit abundance to areas of higher fruit abundance. To 

test this postulate and better understand what determines the seasonal spatial 

response patterns of Mealy Parrots, we need to obtain more accurate environmental 

variables and identify those that correlate with their range of responses, especially 

variables with continental or sub-continental coverage and which are relatively easy 

and rapid to obtain, e.g., remotely-mapped precipitation. 

10. Expand the sphere of inference of the results through predictive modeling to identify 

areas in which conservation considerations similar to those determined by the 

migrating parrots in Guatemala might be appropriate, conduct another field study to 

verify or refine understanding of the underlying factors influencing the birds' pattern, 



and finally, use the derived landscape metrics to guide conservation planning at 

additional sites without additional autecology field research. 
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Our results point to the need to expand the scope of conservation strategies for 

effectively conserving Neotropical ecosystems. This is among the first studies to empirically 

demonstrate a regional scale of habitat-space use for an animal population in lowland tropical 

forest. Furthermore, it highlights the need to investigate other frugivorous species suspected 

to engage in regional movements and to consider them in the design and management of 

conservation landscapes in tropical lowland forests 
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Table 1-1. Statistics on Mealy Parrots radio-collared in the Department of Peten, Guatemala 
from 1998-2001. Parrot ID names are in the column under each of 3 geographic 
regions; 5 birds (names in gray shading) were re-collared and tracked in the 
subsequent year. 

Geographic region 
in the Peten 
I I Date 

NE I SW I NW Gender Mass (g) Trapped I I 

1998 
?temples• I m 725 15-May-98 

~·"l~i: 

I 
f 645 20-May-98 I 

I f 600 6-May-98 

1999 
mifav I f nd 31-May-99 

I 
cdlm1 I f 665 3-Jun-99 
temJ:loal 1 
.,, •· ·I m 640 4-Jun-99 
cdlm2 I m 732 1-Jun-99 
naranjo 

I 
f 745 12-May-99 I 

porvenir1 I m 660 11-Jun-99 
I 

660 2-Jun-99 zocotzal , f 
tecolote I m 680 16-May-99 

I 

•ceibal1 m 605 10-Jun-99 

2000 
templo1 • m 650 24-May-00 
• •• ... • ·: I 

f 685 4-May-00 grljofc. I 
-:i:<' ~ (., 

e~rchaf .1 f 635 23-May-00 ... , ,,.,, . • I 

ch icon I nd nd 27-Apr-00 
porvenir2: f nd 1-May-00 
santonio • m nd 3-May-00 
danto 

I 
f 720 5-May-00 I 

achotal I f 665 22-May-00 
I . 
1Ce1bal2 f nd 15-Apr-oo· 
Ist1 
I 

m nd 20-Apr-00 
•st2 nd nd 27-Apr-00 
I . 
1paraIso m 570 27-Apr-00 
•rosario m nd 17-Apr-00 

2001 
grupof I I f nd 23-May-01 

I I 
corchal I I f nd 31-May-01 

I :el peru nd nd 3-May-01 
I 
I •retalteco nd 680 7-May-01 
I 

:positos nd 660 24-Apr-01 I 
I •la lucha nd nd 23-Apr-01 
I I 
I ,la quetzal nd 665 21-Apr-01 
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Table 1-2. Summary of Mealy Parrot nest trees observed in this study, including (A) family 
and species of trees, frequency and percent of trees by species, and each species' 
commercial status (COMM STATUS), and (B) frequency of nest trees in commercial 
status categories. COMM STATUS refers to the 5 categories designated by the 
national permitting agency, CONAP, relative to forest management. Trees in COM1, 
COM2, and POTC (gray shading) can be harvested at a minimum harvest size of;: 
45-60 cm DBH depending on the species; the difference among categories refers to 
their relative value on the commercial market with COM1 the highest value, followed 
by COM2 and POTC. Trees in NOVAL have no commercial value, and the one 
species in PROTECTED is not permitted to be logged. Mealy Parrot nest trees had a 
mean DBH of 99.7 .!. 6.76 cm(.!. SE; Appendix 1-B). 

A. Summary of nest trees. 

FAMILY SPECIES FREQUENCY PERCENT !COMM STATUS 
Combretaceae Terminalia amazonia 8 19.5 - - ,,.,,. -.: .,_ .. 
Moraceae Brosimum alicastrum 4 9.8 PG,'I~f:Jikt1''0 

, ., • 

Sapotaceae Manilkara sapota 3 7.3 PROTECTED 
Masticodendron foetidissimum 3 7.3 e:01· W' ,, 

Anacardiaceae Spondias mombin 2 4.9 NOVAL 
Meliaceae Cedrela mexicana 2 4.9 C0M1 ' _, 

Swietenia macrophylla 2 4.9 COM1 
Moraceae Ficus spp. (non-strangler) 2 4.9 POTG 
Apocynaceae Aspidosperma spp. 1 2.4 ~OM2 ""·' 
Arecaceae Orbignya cohune 1 2.4 NOVAL 
Caesalpiniaceae Swartzia cubensis 1 2.4 PO:l:C ,;_ 

Clusiaceae Calophyllum brasiliense 1 2.4 COM2 -~ 

Fabaceae Acacia spp. 1 2.4 NOVAL 
Enterolobium cyclocarpum 1 2.4 P0TC ,·, -·~ 
Lonchocarpus castilloi 1 2.4 COM2 ·, .,t" 
Pithecellobium spp. 1 2.4 COM2 +'· 

Vatairea lundellii 1 2.4 COM2 "',,'.,\;"_; 
Sapotaceae Pouteria amygdalina 1 2.4 POTC >lwf!."r£% ·"'"y",;. 

Pouteria campechiana 1 2.4 NOVAL 
Pouteria sapota 1 2.4 NOVAL 

Verbanceae Rehdera pinninerva 1 2.4 POTC"'-
UNK UNK (common name, Tamarindo) 1 2.4 UNK 

B. Summary of status of nest trees with respect to forest management. 

COMM STATUS FREQUENCY PERCENT HARVEST STATUS PERCENT 
COM1 2 5.0 Harvested 75.0 
COM2 15 37.5 
POTC 13 32.5 
NOVAL 6 15.0 Not Harvested 22.5 
PROTECTED 3 7.5 
UNK 1 2.5 UNK 2.5 
TOTAL 40 100.0 
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Table 1-3. Summary estimates of areas (km2
) of Minimum Convex Polygon (MCP) home 

ranges during the breeding season for Mealy Parrots in intact and fragmented upland 
forest landscapes in the northeastern Peten (i.e. the Tikal area), followed by the mean 
and standard error (SE). Mean and SE are also shown in Figure 5. Each parrot's 
identification name (Parrot ID) and the year in which location data were obtained are 
indicated in the first column for each landscape type. For each entry, the sample size 
and dates of observations encompassed in the MCP can be reviewed in Appendix B. 
Figure 6 displays spatially explicit examples of eight different breeding home ranges. 

INT ACT FOREST FRAGMENTED FOREST 

Parrot ID/Year MCP Area (km2) Parrot ID/Year MCP Area (km2) 

?Templos/1998 1.70 Mula1/1998 0.68 

7Templos/1999 0.37 Mula1/1999 0.41 
Mifav/1998-99 0.20 Naranjo/1999-00 0.25 

Mifav/2000 0.16 Mula2/2000 0.72 

·remplo1/2000 0.42 ZocotzaV2000 0.08 

remplo1/2001 0.62 Oanto/2000-01 1.79 

GrupoF/2000-01 0.31 Porvenir2/2001 1.08 

Corchal/2001 0.47 Chicon/2000-01 2.56 

MEAN 0.53 MEAN 0.95 

SE 0.17 SE 0.30 

MEAN + SE (intact and fragmented, combined)= 0.74 + 0.18 
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Table 1-4. Movements and MCP home range areas during the non-breeding season of radio
collared Mealy Parrots in 3 geographic regions of the Department of Peten, Guatemala, 
1998-2001. 'NE Migration' and 'SW Migration' indicate which birds engaged in movement 
from their breeding home ranges to locations in the northeast and southwest, 
respectively, and the distance traveled 'D(km)'. 'Linear Distance' is the total linear 
distance from furthest ne to sw locations. 'ND' is No Data, in cases where the radio 
malfunctioned. '---' is used when the individual did not migrate and there is no distance 
traveled. '?' indicates cases where we know the individual migrated but no specific 
locations were obtained. The MCP home range area is shown for birds that did not 
exhibit migratory behavior. 

Geographic region 
NE migration SW Migration Linear Dispersed 

in the Peten Distance Movements: 
NE I SW I NW Y/N D(km) YIN D(km) (km) Area (km2

) 

1998 7templos I I Yes 62 Yes ? ? ? 

mifav 
I I Yes 42 Yes ? ? ? I 

cdlm1 I I Yes 63 Yes ? ? ? 

1999 mifav I I Yes 84 Yes 30 112 ---
cdlm1 

I I Yes 
I I 57 Yes 95 152 --

emolo1 I I Yes 47 No 48 ---
cdlm2 I I Yes 57 Yes 43 100 ---
naranjo 

I I 
No No I I --- 4.77 

porvenir1 I I No No 34.19 ---
zocotzal I I No Yes 29 29 ---

I 

ND ecolote I I ND ND --
I 
ceibal1 

I 
Yes 36* 36* 3.31* 

2000 temolo1 I I ND No ND ---
grupof I I Yes 40 Yes 170 210 ---
corchal 

I I 
Yes 33 Yes I 190 223 --

chicon I I Yes 58 No 60 --

porvenir2 I -I Yes 61 Yes 104 165 ---
santonio 

I I 
Yes ? I I Yes ? ND ---

danto I I Yes 57 Yes 52 109 --
achotal I I Yes 15 Yes 186 201 --

:ceibal2 
I 

I 2.90 
I
st1 I 916.32 
Ist2 I 68.12 

1paraiso I 150.72 
I 
rosario 

I 
73.92 

2001 grupof I I Yes 38 Yes ? ? --
corchal I I No Yes 195 195 ---

I I 
I ,el oeru 10.03 
I Iretalteco 1.60 

I •positos ? 
I 

:1a lucha 2.06 I 
I IIa quetzal 9.88 

* bird spent less than 3 weeks in locations away from its local area. Home range area does not include those locales. 
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GLOBAL 1,000,000 km2 Priority setting Realm: Terrestrial 
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Figure 1-1. A conceptual framework of ecoregional planning for biodiversity conservation, which explicitly outlines the context and 
spatial scale of this research project. 
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Major Habitat Type and Biogeographical Realm (Olson and Dinerstein ·1998) 
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Figure 1-2. Primary approaches to regional conservation planning-representation, focal species, and special elements-organized by 
underlying construct (static, static-dynamic, or dynamic) and geographic regions where they were used; some studies were 
conceptual or theoretical rather than empirical. The numbers following each approach are used to classify multi-approach efforts 
(boxes). 
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Figure 1-3. Map of the study area in the Department of Peten, northern Guatemala, showing 
the core protected areas in the region and the Multiple Use Zone (MUZ) within the 
Maya Biosphere Reserve (MBR). The subdivisions in the MUZ are managed foresby 
concessions. 



NW Peten: Lacand6n; 
rectangle = 40 km2 

NW Peten: El Peru 

SW Peten; triangle = 100 km2 
Tikal area; polygon = 700 km2 

Figure 1-4. Map of the study area in the Department of Peten, northern Guatemala, showing 
the distribution of forest (dark and light greens) and deforested lands (white and 

57 

beige) in 1999 (Conservation International 2000). Refer to Figure 1-3 for designations 
of management areas, which here are outlined in black. The red polygons in the 
'Overview' show the general geographic areas of sampling, below which are the 4 
enlarged frames (1 :700,000) of the geographic areas showing the nest sites (stars) of 
radioed Mealy Parrots for all 4 years. 
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Figure 1-5. Mean monthly rainfall at Flores International Airport, Guatemala for the period 
1990-2001. The region exhibits a distinctly seasonal rainfall pattern, with a dry 
season from about December through May, and a wet season from June through 
November. Data from INSIVUMEH, Climate Center, Guatemala City, Guatemala. 
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Figure 1-6A. Sequential morning locations of radioed parrot 'Templo1' within a display of all 
breeding locations for the season on 2 different dates (in 2 different years). The box at 
the top displays the juxtaposition of all breeding season locations for the 2 different years 
and their MCP. 
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Figure 1-6B. Sequential morning locations of 2 different radioed parrots for 3 different dates 
within a display of all breeding locations for the season. 
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Figure1- 6C. Sequential morning locations of 2 different radioed parrots for 2 different dates 
within a display of all breeding locations for the season. 
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Figure 1-6D. Sequential morning locations of 3 different radioed parrots for 4 different dates 
within a display of all locations for the year. 
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Figure 1-7A-B. Movements of radio-collared Mealy Parrots in the non-breeding season in: (A) 
1998 and (B) 1999. Each color represents locations of one radio-collared individual: 
circles are birds from the Tikal area, triangles are the bird with its breeding home range 
in the southwestern Peten. 
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Figure 1-7C-D. Movements of radio-collared Mealy Parrots in the non-breeding season in: 
(C) 2000 and (D) 2001. Each color represents locations of one radio-collared 
individual: circles are birds from the Tikal area, triangles are birds with breeding 
home ranges in the southwestern Peten, and squares are birds with breeding areas 
in Sierra del Lacandon and in El Peru, northwestern Peten. 
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A. 2000: southwestern Peten pan'Ots in 2000 

B. 2001: northwestern Peten pan'Ots 

Figure 1-SA-B. Non-breeding season MCP-area home ranges of (A) Mealy Parrots with breeding 
sites in the southwestern Pettn in 2000 and (B) those with breeding sites in the 
northwestern Peten in 2001. 



Figure 1-9. Annual area covered by radio-collared Mealy Parrots, which breed in the Tikal area, northeastern Peten. Stars represent the parrots' 
nests. The dots represent their locations during the non-breeding season for all years, 1998-2001, combined ( orange, June-August pink, 
September-November) covering an area of approximately 10,000 km2 (blue line polygon). Vegetation map for the region (Conservation 
International 2000) and distribution of protected and management areas show the striking contrast In forest cover between lands inside 
and outside the protected areas. Refer to Figure 1 for names and management delineation. m 
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A. Northeastern migration locations with forest and management units 

B. Southwestern migration locations and elevation 
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Figure 1-10A-B. Enlargements of regions within the Paten and Mexico, displaying the (A) 
northeastern migration with forest cover and management units within the MBR, and (B) 
southwestern migration with elevation (m) and Mexican protected areas. 
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A Mean annual precipitation in mm. r.====================,i 
Guatemala is outlined in yellow. 

B. Holdridge life zones for Guatemala 

C. Generalized habitat map showing approximate 
distribution of major vegetation types. The 
Department of Peten is dashed outline From: 
Lee, J.C. 1996. The Amphibians and Reptiles of the Yucatan 
Peninsula. Comstock Publishing Associates, Ithaca, NY. 

Figure 1-11. Environmental and habitat gradients of the Yucatim Peninsula including the 
Department of Peten, Guatemala. 
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Figure 1-12. Mean annual rainfall across the Department of Peten and adjacent areas in 
Mexico and Belize. The upper box shows the locations of rain stations in the 3 
countries, as well as the MBR boundaries, and the area encompassing all Mealy 
Parrot locations (bold diagonal polygon). The lower box displays mean annual 
rainfall for those stations from southwest (left) to northeast (right). There is 
a decreasing trend in rainfall from southwest to northeast. Rain data sources: 
Guatemala: INSIVUMEH Climate Section; Belize: B. Miller, Wildlife Conservation 
Society; Mexico: Carta de Clima, SPP. 
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Figure 1-13. Number of trees per hectare in each of nine DBH ( diameter at breast height) 
classes for 20 species in the "Las VentanasD Arbol Verde forest concession. Different 
colors refer to the species' commercial status and its use by Mealy Parrots for nesting: 
COMM, commercial; MP, Mealy Parrot; and POTC, potentially commercial. As 
indicated by the arrows, permitted tree harvest size is DBH ~ 45-60 cm (depending 
upon species); Mealy Parrots' nest trees are~ DBH 65 cm (mean DBH .= 1 m). The 
tree density data are compiled from the Arbol Verde management plan (CONAP 
1999), the values of which were determined before harvest through systematic field 
census techniques. None of the commercial or potentially commercial species are 
found in the larger DBH classes, which, at least for the commercial species 
(mahogany and tropical cedar) that are among the main species reaching those larger 
sizes, probably reflects that those species were harvested before the recent institution 
of the forest concession program. 
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Figure 1-14. Changes in forest cover associated with land use practices from 1962-1993 in 
Peten, Guatemala. Progressive expansion of agricultural (pink) and cattle ranching 
(yellow) continues to date (unpubl. data, SEGEPLAN: Secretaria General del Consejo 
Nacional de Planificaci6n Economica). 
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Figure 1-15. Map of (A) frequency of and (B) accumulated fires in the Department of Peten 
for January - May 2003. (Unpubl. data, WCS-CEMEC). 
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Figure 1-16. Three views of the Neotropics showing: (A) forest cover based on analysis of circa 
1995 satellite data (FRA 2000), (8) WWF's Global 200 priority ecoregions for 
conservation (Olson and Dinerstein 1998), and (C) annual precipitation r,NCS 2001). 
The blue-line polygon on all 3 maps represents the geographic distribution of the Mealy 
Parrot. The box to the left shows the country boundaries as a reference. 
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SEASONAL ABUNDANCE AND HABITAT-USE PATTERNS OF PARROTS 

IN GUATEMALA USING A CANOPY-BASED SURVEY METHOD 

TO ESTIMATE DENSITY 
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INTRODUCTION 

Parrot population surveys were conducted as part of a broader research project to 

investigate parrot migration and its implications for design of protected area networks in 

tropical lowland forests of Guatemala. The project's primary objective was to document the 

annual habitat and spatial needs of the Mealy Parrot (Amazona farinosa), a species we 

hypothesized would serve as a valuable focal species for regional conservation planning. We 

took a complimentary approach of investigating Mealy Parrots at both individual and 

population levels. Radio-telemetry with Mealy Parrots (Chapter 1 ), the principal method used 

to address our spatial questions, would provide only a small sample of tagged individuals for 

interpreting population-level patterns of habitat use and migration. Therefore, we undertook 

population surveys to provide an independent evaluation of habitat affinities and seasonal 

abundance patterns as an indicator of migration. 

Sampling bird abundance in tropical forest, as noted by Karr (1981 ), is problematic 

particularly for species that "diverge from the norm of temperate avifaunas" such as highly 

mobile species that cover large areas in search of patchy fruit resources, as is thought to be 

the case for parrots. Problems associated with estimating abundance of parrots are: 1) many 

species are well-camouflaged and dwell in the canopy of vertically-complex forests making it 

difficult to detect and accurately count them, 2) many survey techniques rely on auditory cues 

for observers to detect birds, yet there are few data on daily and seasonal vocalization 

frequency with which to assess this potential source of bias in detectibility, 3) determining 

whether birds are merely flying over or actually using a site may be difficult in dense forest but 

is crucial for some estimation methods and when bird-habitat association data are desired, 

and 4) birds may be spatially clumped and highly mobile resulting in long periods of no 

detections interspersed with counts of large flocks-a pattern that likely varies seasonally. 

These problems lead to high variability in survey data and violation of assumptions of some 

estimation methods, and can reduce the power to detect significant differences among sites, 

habitats, or other comparison units. 

Various approaches have been used to estimate parrot abundan.ce and population 

size, and are primarily ground-based surveys or censuses (summarized in Snyder et al. 2000). 

Some estimates have been derived from nest counts (e.g. Enkerlin-Hoeflich 1995) and others 

from roost counts (e.g. Chapman et al. 1989, Gnam & Burchsted 1991 ). Nest counts 

(particularly for species occurring in low densities) are time-intensive and restricted to the 

nesting season. Roost counts are not applicable to some species, and information on what 

proportion of the population uses communal roosts and the seasonal variation in roost use is 
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necessary to derive meaningful estimates. Direct complete censuses from vantage points 

above the forest where the total area surveyed and total population is small have been used to 

estimate population sizes of insular populations (e.g. Snyder et al. 1987), however complete 

censuses are not possible for larger and more widespread populations. Avian community 

studies have employed spot-mapping of parrot groups within large forest plots (app. 100 ha); 

the number of groups in the plot were then multiplied by average group size determined from 

observations of groups in flight (observed over more open landscape) to estimate density 

(Terborgh et al. 1990, Robinson et al. 2000). However, these cannot be considered valid 

density estimates because birds are moving into and out of the plot from unknown locations 

throughout the survey period, and therefore the effective area surveyed is unknown. 

Abundance estimates have been derived from encounter rates (individuals per hour) by 

observers traveling in boats along rivers (Renton 2002); however, river transects are limited to 

regions with boatable rivers and they sample only the riverine habitat. 

Distance-sampling methods (Buckland et al. 2001 ), which account for variation in 

detectibility in counts of animals from lines or points, are becoming more commonly used for 

estimating density of parrots (e.g. Desenne and Strahl 1991, Lambert 1993, Wiedenfeld 1993, 

Weidenfeld 1995, Casagrande and Beissinger 1997, Guix et al. 1999, Marsden 1999, 

Weidenfeld 1999, Marsden et al. 2000, Kinnard et al. 2003). Based on the premise that 

detectibility of animals decreases with increasing distance from the line or point, detection 

probabilities are calculated from distances between observer and observed animals, and in 

turn are used to calculate an effective area surveyed and to adjust the count of observations 

to derive a density estimate (Buckland et al. 2001 ). The aim of distance sampling is to obtain 

an "instant in time" or "snapshot" estimate of animals' presence around the survey line or point 

to represent absolute density (Buckland et al. 2001 ). Key assumptions are that animals are 

detected at their initial location and that they are not counted more than once on the same 

sampling unit. When animals are mobile and the point count is carried out for more than just 

an instant, new animals can move within detection range from unknown distances and 

therefore the effective area sampled is unknown and density is overestimated (Granholm 

1983, Verner 1985, Buckland et al. 2001 ). 

Several sources of bias can affect accuracy of bird surveys due to their varying effects 

on detectibility, including 1) interspecific differences, e.g. size, behavior, 2) habitat differences, 

e.g. structure and species composition of vegetation, 3) observer effects, e.g. differences in 

acuity, experience, alertness, etc, and 4) weather conditions (Karr 1981, Verner 1985, Waide 

and Narins 1988, Buckland eta/. 2001). Blake (1992) reported on daily and intra-seasonal 
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variation in detectibility from point count data of the bird community at a tropical wet forest site 

in Costa Rica during the dry season, just prior to the main breeding season. He found that 80-

90% of all bird detections were aural, and hourly variation in detection of many species was 

more pronounced in the late dry season compared to the early dry season. Specific to 

parrots, he noted significant hourly variation in detection of Mealy Parrots-with detections 

peaking during the second hour after sunrise and rapidly declining to no detections in the fifth 

hour. A few studies have addressed suitability of distance sampling for estimating parrot 

densities (Weidenfeld 1993, Weidenfeld 1995, Casagrande & Beissinger 1997, Marsden 

1999). 

Early research using the variable circular plot method (i.e. distance sampling from 

points) to survey parrots was conducted by Weidenfeld (1993). He conducted primarily 

ground-based counts in northeastern Honduras (1993) and Nicaragua (1995, 1999) to assess 

population status and provide management recommendations for the suite of parrot species 

occurring in those countries. These goals required that he sample at a country wide spatial 

scale and estimate densities for determining harvest quotas for international export of wild 

birds. He reasoned, "because of the large daily flight range of parrots, points must be 

established at much greater distance apart than would be necessary for most birds." 

(Weidenfeld 1993, p.13). In Honduras, the poor transportation infrastructure made it difficult to 

get to many widely separated points (>1 0 km apart) within the morning activity period of 

parrots. Therefore, he chose to make 3-hour surveys at each point, which he later divided into 

15-minute time units in order to emulate the "snapshot" approach. His counts began at first 

light (i.e. before sunrise) during which he recorded parrot species, number of individuals in 

each flock, time of day, and the minimum distance that the group came within the observation 

point (measured using an optical rangefinder). Across a 20,000-km 2 area, he conducted 

counts at 34 points distributed at random within three main habitat types, but constrained by 

accessibility and the necessity of an open viewing area. In the Nicaragua study, he instead 

made 15-min counts, each at different locations separated by a minimum of 5 km, and was 

able to conduct approximately three counts per morning. He conducted a total of 237 counts 

across an area of 107,000 km2 distributed within three major ecological regions. 

Weidenfeld believed that the method he used in Honduras was inferior to that used in 

Nicaragua, because of the greater amount of independent data that could be obtained, and 

hence greater statistical power, using the latter method (pers. comm., May 1998). In both 

studies, he used the program DISTANCE (Laake et al. 1991 in Weidenfeld 1993, 1995) to 

compute estimates, however the Honduras counts from 15-minute subsets of a single survey 
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were not independent and therefore had to be prepared differently from the Nicaraguan data. 

He computed population estimates using the counts from a single 15-min time period per 3-

hour survey. He produced five estimates, each calculated from a specific time period for all 

surveys, and then averaged them to produce a single estimate. The range of his 95% 

confidence intervals was between 160% and 280% of the population estimates for each 

species. In the Nicaragua study, each point count was an independent data point. Variability, 

although still high was much reduced compared to the Honduras data, with the 95% 

confidence interval being 50-100% as large as the population estimates. 

Casagrande and Beissinger (1997) compared point counts, line transects, mark

resighting, and roost survey methods for estimating population size of a marked population of 

Green-rumped Parrolets (Forpus passerinus) on a cattle ranch in Venezuela. Their 2 km2 

study site was a habitat mix of small deciduous forest patches, grasslands, and open swamps. 

They found that the four methods produced similar estimates of populations and within-season 

population fluctuations, but as the breeding season progressed, congruence among the 

estimates diverged. The authors found that line transects performed above the other methods 

in producing more precise estimates for both open and forested habitats. However, they 

cautioned that it might be difficult to meet assumptions of this method with the many species 

of parrots that are more cryptic, secretive, or dwell in forests with less visibility, pointing to one 

potential violation from counting birds that fly over the survey area but do not land. 

Marsden ( 1999) evaluated the variable circular plot method for estimating densities of 

parrots and hornbills in Indonesia. He examined differences in detectibility among species 

and between habitats. Marsden calculated that 1000 to 2000 point counts would be required 

to obtain coefficients of variation of ~20% for most of the species because so many points 

yielded no observations. He also pointed out the bias from records of birds in flight over the 

survey site; including all flying birds can greatly overestimate density because birds moving 

into or over the survey area do not meet the temporal "snapshot" assumption. Limiting counts 

only to non-aerial observations (i.e. perched birds) will underestimate density because those 

individuals airborne at the instant the point count began should be included in the count. 

Based on modeling of data he collected on long surveys from vantage points overlooking the 

forest, he recommended his density estimates-based only on non-aerial observations-be 

increased by 2-20%. 

Canopy-based bird surveying in the tropics has been employed in a number of 

studies, and holds promise for certain applications to quantify parrot abundance. Among the 
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earliest canopy bird studies was that of Greenberg (1981), who quantified composition, 

abundance, and seasonal patterns of bird use of the forest canopy in Panama. He conducted 

censuses from a single canopy tower, recording all birds in the vegetation for approximately 2 

hours in morning or late afternoon. He carried out 59 censuses during a 10-month period, 

and his results of species' abundances were simply the average number of individuals per 

census. Loiselle (1988) examined composition, abundance, and seasonal patterns of birds in 

lowland wet forest in Costa Rica. She conducted surveys from two different trees, recording 

birds within a 100-125 m radius around the tree for 2-3 hours in the morning per census, and 

completed 49 censuses during a 13-month period. She used the maximum number of 

individuals per species recorded during any 15-min period per census in her analyses. 

Over the past decade, methods have been developed for sampling certain tropical 

forest raptors above the canopy. Raptors and parrots share some characteristics that present 

similar challenges to researchers trying to quantify their abundance in tropical forest habitats, 

such as low densities, large daily movements often above the canopy, and long periods of 

perching quietly. First to use such methods was Thiollay (1989), in rainforests of French 

Guiana, where he compared methods for enumerating forest raptors both below and above 

the canopy and concluded that mapping of soaring birds was the most accurate method-for 

those species that flew above the canopy-when suitable overlooks were available. Thiollay's 

above-canopy method was to observe soaring raptors from atop a rocky outcrop, protruding 

200 m above the forest, which gave him four unobstructed outlooks, each of 180° and a 3 km 

radius. He used a spot- or territory-mapping technique to estimate density, tracing routes of 

territorial over-flights of raptors onto a topographic map to produce distinct territories of 

individuals. However, Thiollay's method had serious limitations-including limited ability to 

accurately plot locations of raptors up to 3 km distant (at least in the absence of rugged terrain 

to provide reference points), decreased detectibility of the smaller species with increasing 

distance from observer, and dependence on a situation of extremely good over-canopy 

visibility, not easily duplicated in areas of more modest relief. For parrots, canopy spot

mapping would not function, as they do not soar over their territories for extended periods and 

regularly perch on exposed branches as do raptors, but instead make rapid flights over the 

canopy, often just disappearing down into the canopy vegetation. 

Further development of canopy-based methods to enumerate raptors in tropical 

forests was carried out by researchers in Guatemala, initially experimenting with point counts 

from canopy-emergent treetops for several hours in duration, unlimited radius, and variable 

visibility over the 360° potential viewing area (Burnham et al. 1988, Turley 1989). These tests 
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led to adoption of a 120° view angle and 1 km radius, with data on raptor presence taken in 

each 5-min period during a 4-h survey (Whitacre et al. 1992). Resultant data were of five 

types, any of which could be used as an index of relative abundance per species: (1) detection 

versus non~detection during a given count, (2) largest number of distinct individuals sighted 

during any 5-min period, (3) number of distinct individuals detected throughout the count, (4) 

number of 5-min periods in which the species was detected, and (5) sum or mean of 

detections across 5-min periods. These methods were used to sample raptors from 54 

emergent trees distributed over an area of some 4000 km2 of the Maya Biosphere Reserve in 

northern Guatemala and in adjacent Mexico (Jones and Sutter 1992, Whitacre et al. 1992, 

Whitacre in press). These methods have since been used for tropical raptors in Costa Rica 

(Marquez Reyes 1992), Peru (Valdez 1999), Madagascar (Thorstrom and Watson 1997), 

Honduras (Anderson 2001 ), El Salvador (Perez Leon 2002), and Brazil (Mar'losa et al. 2003). 

Mariosa et al. (2003) evaluated the effects of time of day, count duration, and number of 

counts on the number of species detected and abundance indices, as well as the 

reproducibility of results, to provide recommendations for standardization of raptor survey 

methods. 

Finally, Gilardi and Munn (1998) surveyed parrots from positions in emergent trees 

overlooking the canopy in lowland Peruvian forests to quantify aspects of parrot activity and 

habitat use patterns, and reported relative abundance as encounter rates (individuals or flocks 

per hour). Their surveys focused on a viewing area of 180° extending to 300 m from the 

observation point with duration of 2-6 hours during daylight. They used records of all birds in 

the survey, both perched birds and those that flew over the site, and categorized species into 

three body size groups to evaluate habitat "preference" of groups. They analyzed detectibility 

of the three body size groups for three distance categories from the observers as a means of 

evaluating effectiveness of the surveys. They concluded that their method was useful for 

quantifying parrot activities in dense tropical forests, but cautioned that body size and 

behavioral differences among species affected abundance estimates and these biases should 

be addressed in future studies, e.g. using a smaller survey area or correction factor, for 

comparisons among species. Naka (2004) studied species composition of the canopy bird 

assemblages at three study sites in Brazil. He conducted 117 surveys from three towers 

located in primary forest over a 13-month period, recording only perched birds, either seen or 

heard vocalizing, within a 150 m radius of the tower. He recorded birds in consecutive 15-

minute periods for 3-hr morning surveys. His sampling units used for analyses were the 

maximum number of individuals per species recorded during any of the 15-min periods, and 

he reported bird numbers in relative abundances classes (Naka 2004). Of particular interest, 



he found evidence that two parrot species leave the forest around the sampling sites during 

the dry season, suggesting they are engaged in seasonal movements. 
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None of the parrot studies employing ground-based distance sampling methods 

evaluated potential biases arising from seasonal effects, and the two studies evaluating the 

effectiveness of those techniques concluded that they may not be suitable for many parrot 

species or in dense forest habitats (Casagrande and Beissinger 1997), that exceedingly large 

sample sizes will often be necessary to reduce coefficients of variation to acceptable levels 

(Marsden 1999), and that counting birds flying over the survey area can strongly bias 

estimates (Casagrande and Beissinger 1997, Marsden 1999). The studies employing canopy 

surveys for parrots, raptors, or other canopy avifauna yielded only various indices of relative 

abundance per species; none explicitly modeled detection probabilities or other parameters to 

allow estimation of density, or even comparisons among sites or over time, without potential 

bias due to differing probabilities of detection (MacKenzie and Kendall 2002). We believed 

that further development of a canopy-based survey technique would best serve our objectives 

and expand the method's utility for quantifying populations of parrots and other canopy

dwelling avifauna. 

In this chapter, we describe our canopy-based survey method and associated 

methods of data analysis to quantify parrot abundances. We assess four factors affecting 

detectibility-parrot species, landscape type, observer effects, and weather-and present an 

approach to incorporate length of their time on the plot into the estimates. After adjusting for 

detectibility to produce estimates of density and occupancy duration, we model the estimates 

for each parrot species as a function of sampling site, landscape type, and season, and then 

select the best-fit model to describe the variability in response for each species. Finally, we 

present adjusted estimates by season and landscape type for each of the six species of 

parrots, and discuss the implications of these findings relative to the occurrence of seasonal 

migrations in this parrot assemblage. Data were collected in the Department of Peten, 

northern Guatemala, during the period June 1998 through November 2000. 



METHODS 

Study Site 
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The study was centered in Tikal National Park and the adjacent buffer zone within the 

21,000 km2 Maya Biosphere Reserve (MBR) in the Department of Peten, northern Guatemala 

(Figure 2-1) where Mealy Parrots are locally abundant. The forests of the MBR, the adjacent 

Mexican states Chiapas and Campeche, and northwestern Belize form the largest contiguous 

area of lowland tropical forest remaining in Mesoamerica (Sader 1999). Tikal National Park is 

designated as a strictly protected core area and the MBR buffer zone is essentially 

unregulated with regard to land use (Whitacre 1996). The region receives about 1400 mm of 

annual rainfall, with a dry season from December through May and a wet season from June 

through November (Figure 2-2). Although the study was centered in northeastern Peten, we 

expanded sampling into southwestern Peten in 1999 when telemetry data revealed the 

importance of that region as seasonal habitat for Mealy Parrots. Annual rainfall in the 

southern region is about 25% higher (about 2000 mm) than in the Tikal area (Escoto 1964). 

Southern Peten is largely deforested except for some small areas of mature forest in protected 

areas associated with archeological sites (SEGEPLAN 1994, PROSELVA 2000). 

The lowland humid forests (Hartshorn 1988) of northeastern Peten (also described as 

subtropical moist forest life zone, Holdridge 1971; and tropical evergreen forest, Lee 1996) lie 

from 150-400 m above sea level. Distinct forest types have been described for the 

northeastern Peten, ranging from tall-canopied (average canopy height= 21 m), palm-rich 

"upland" forests occurring on gently rolling hills to low-lying, seasonally inundated depressions 

of "bajo" or "scrub-swamp" forests (average canopy height = 10 m; Schulze and Whitacre 

1999). Outside the protected areas, these forest types occur as fragments in a patchwork 

matrix of different-aged second growth forests, pasture, and agriculture. These habitat 

descriptions are generally applicable to other forests throughout the Peten, which include a 

cast of similar species. However, there are inter-regional differences in species composition 

and physiognomy (pers. obs.; CONAP Unpubl. reports). Generally, forests in the 

southwestern and western Peten are taller, more species-rich, and with greater biomass, but 

little published information is available with which to quantify the differences. 

Sampling Site Selection and Sampling Frequency 

We produced a false-color map from a 1995 TM (Landsat Thematic Mapper) image 

covering the intact forests of Tikal and adjacent fragmented forests in the buffer zone and 

stratified the region into four landscape-habitat categories that were visually distinguishable on 

the image: intact upland forest, intact 'bajo' forest, upland forest fragments, and 15-25 yr old 
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second-growth forest fragments. Within these categories, which we refer to as 'landscape 

types', general sampling areas were randomly located with respect to parrots but separated by 

a minimum of 3 km and further constrained by accessibility and permission from landowners. 

Mealy Parrots were reported to inhabit primarily undisturbed humid forests and forest edges 

(Forshaw 1978, Whitacre unpubl. data); therefore we concentrated our limited number of 

sampling sites in the upland forests (intact and forest fragments), but also sampled in bajo and 

second-growth forests to directly evaluate Mealy Parrot habitat affinities (Table 2-1A). 

Approximately monthly from June 1998 through November 2000, we conducted surveys at 6-

12 sites distributed across about a 500 km2 area in the northeastern Peten, and beginning in 

1999, at one site in the southwestern Peten, 'southfrag', approximately 100 km southwest of 

Tikal (Table 2-1, Figure 2-1 ). Variation in sample size (i.e. number of sites) among months 

occurred because we began conducting surveys before all sites were established and 

occasionally because we were unable to access some sites. 

Survey Protocol 

We conducted parrot surveys overlooking the forest canopy, adapting a technique 

used previously to estimate abundances of tropical forest raptors (Whitacre et al. 1992). 

Single-rope climbing techniques were used to access the canopy (Munn & Loiselle 1995). 

Within each general sampling area, we located an emergent tree that gave us an 

unobstructed 120° view of the canopy, facing approximately west (to avoid surveying directly 

into the morning sun) with a fixed radius of 500 m equaling a 0.2618 km2 survey plot area, and 

we built a small wooden platform from which to conduct surveys. We selected these plot 

dimensions based on our preliminary investigations in which we found it difficult to consistently 

find a larger unobstructed view; also, we wanted to limit our attention to a specified area for 

thorough sampling when parrot activity was high. A compass and laser rangefinder (Bushnell 

Yardage Pro 500) were used to measure and delineate the sampling area into six sub-plots 

(Figure 2-3) to aid in accurately plotting the locations of birds. Polaroid photographs of each 

survey plot were assembled into a panoramic picture upon which distances and sub-plot limits 

were marked to provide a reference during parrot surveys. 

Although the main focus of the study was on Mealy Parrots, data for the other five 

parrot species occurring in the region were collected concurrently. The six species (AOU 

1998) and their body masses (Dunning 1993) were: Mealy Parrot (610 g); Red-lored Parrot, 

Amazona autumna/is (416 g); White-crowned Parrot, Pionus senilis (212 g); White-fronted 

Parrot, Amazona albifrons (206 g); Brown-hooded Parrot, Pionopsitta haematotis (149 g); and 

Olive-fronted or Aztec Parakeet, Aratinga nana (77 g). The nomenclature of this parakeet has 
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recently changed: the Aztec Parakeet (Aratinga astec) distributed throughout Middle America 

and the Olive-fronted Parakeet (Aratinga nana) of Jamaica are now treated as one species 

(AOU 1998); we use Aztec Parakeet (at least for now), in this chapter. Prior to beginning 

surveys in 1998, observers practiced visual and aural identification of the six species in the 

field and with the aid of a cassette tape of vocalizations (Cornell Laboratory of Ornithology 

1997). There were four primary observers for the duration of the study. Although on occasion 

other local field technicians served as members of a two-person observation team, one of the 

four primary observers was present on all the surveys. The observers, each with binoculars (8 

X 32) and one laser rangefinder between them, conducted the surveys for 3.25 h beginning 15 

minutes before official sunrise (Nautical Almanac, US Naval Observatory, 1998-2001 ). 

When birds were detected entering the survey plot, they were given a unique number 

and their flight path was recorded on a diagram of the survey plot (Figure 2-3A). If they 

landed within the plot boundaries, their landing location was marked and we tracked any 

subsequent movements they made in the plot, thereby reducing error from counting them 

more than once and giving us information on the length of time they spent in the plot area. 

The detection distance from the observer to plotted location was determined to the nearest 25 

m band (Table 2-2) when data were summarized for analysis. On a separate data sheet 

(Figure 2-38), we recorded (1) detection number, (2) time of day, (3) parrot species, (4) group 

size, (5) initial behavior-what the group was doing when we first saw it, e.g. flying, perched, 

(6) ultimate behavior-what the group was doing when we last saw it, e.g. flying through the 

plot, perched in the plot, etc., (7) if the group was flying-its approximate distance above the 

canopy (low: <1 Om, moderate: 10-25m, high: >25m), and (8) if the group was vocalizing. 

Weather conditions were recorded in categories for cloud cover (clear, overcast, or% cloud 

cover), wind (no wind, light breeze, moderate winds, high winds), and rainfall (light, moderate, 

heavy). Changes in visibility limits on the plot-usually due to fog-were recorded to the 

nearest 50 m and later converted to Visible Plot Area (Table 2-2) along with the associated 

time of the change. 

Data Analysis 

Here we divide the major stages of data analysis into five sections. In Section One, 

we derive detection probabilities for each parrot species and survey by modeling the change 

in the pattern of detection distances as a function of factors found to significantly affect 

detectibi!ity. In Section Two, we impute the temporal occurrence of each parrot group on a 

plot during a survey based on a set of imputation rules pertaining to its detection history. We 

then account for the probability of errors in imputations to derive estimated occupancy 
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duration on the plot for each parrot group. In Section Three, we adjust the number of parrots 

(groups and individuals, separately) by estimated occupancy duration and detection 

probability to obtain estimates of mean density in the format of 'user-hours', as well as 

'occupancy duration' as mean hours per group for each species-survey combination. In 

Section Four, we use density and occupancy duration, each as the response variable in 

analysis of variance (ANOVA) models examining the differences among survey sites and 

landscape types, and between breeding and non-breeding seasons. Figure 2-4 displays the 

structural relationships among the nine models used in the analysis. Surveys conducted from 

January-June comprise the breeding season sample and those from July-December the non

breeding season sample. We combine surveys across years because preliminary modeling 

indicated that differences among the three years were not significant, allowing us to increase 

sample sizes for assessing other factors. We compare models using Bayes Information 

Criterion (BIC), Akaike's Information Criterion (AIC), and Extra-Sum-of-Squares F-test model 

selection process (Ramsey and Schafer 1997, Burnham and Anderson 2002). In Section 

Five, we present estimates of density of groups and individuals and estimates of occupancy 

duration generated from the model: 

y = Landscape+ Season + (Landscape x Season), 

where y is one of the 3 response variables, to address our primary question regarding 

variation in parrot abundance among landscape types and between breeding and non

breeding seasons and their interactions. Below, we define some terms and provide additional 

detail for the analyses in Sections One through Three. Figure 2-3 provides an example of 

parrot detections recorded in a hypothetical survey to aid in understanding the descriptions 

given in the following Sections. Statistical analyses were performed in S-Plus 6.1 statistical 

program (Insightful Corporation 2002). 

The term 'survey' refers to a survey of parrots conducted for 3.25 h at a specific site 

by a specific observer team. We divide the survey period into 39, 5-min time-blocks to 

facilitate temporal analyses of weather conditions and parrot occupancy on the plot during the 

survey. Given that each survey began relative to sunrise, the time-blocks are relative to 

sunrise (e.g. time-block 1 refers to the period 10 to 15 minutes before sunrise). We consider 

that individuals observed in a 'group' (i.e. flock) are not independent, and therefore 'group' is 

the statistically valid sampling unit as opposed to 'individual'. However, considering that a 

change in the number of groups inhabiting an area may only reflect a redistribution of 

individuals in groups (i.e. change in flock size) rather than, for example, an indication of 



migration, we analyze numbers of individuals, as well. The term 'group' in our context may 

represent one individual or more than one individual observed together. 
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Survey data are organized into two formats: 1) 'detections' and 2) 'observations'. 

'Detection' refers to each instance that we observed a group in the survey plot (i.e. flying in, 

flying up, flying out, perched); more than one detection could be associated with one unique 

parrot group if the group was observed moving on the plot more than once. 'Observation' 

refers to a unique parrot group; there is only one observation per group even if the group was 

detected more than once during a survey. We use detections to calculate detection 

probabilities and observations to estimate density of groups and individuals, separately, 

adjusting the counts per survey by the detection probability for a given species and set of 

survey conditions. We regard each detection as an independent data point; although the data 

are not strictly independent, this treatment is acceptable provided that the purpose "is to 

examine detectibility and not immediately to estimate average density" (Burnham et al. 1980 in 

Ramsey et al. 1987). We believe that deriving density estimates from data collected at a 

particular sampling site repeatedly over time is not a violation of independence because 

surveys were separated by at least one month and were usually conducted by different 

observer teams. 

We consider the three central assumptions of distance sampling (Buckland et al. 

2001) relative to our parrot surveys: (1) parrots at the survey point are detected with a 

probability of 1, (2) parrots do not move in response to observers prior to detection, and (3) 

measurements of distances between parrots and observers are accurate. Because we were 

positioned on the observation platform before first light, reducing disturbance to birds located 

nearby, and we focused our attention on only a 120° section from the platform (i.e. point), the 

plot area close to the observers was relatively small; parrot detection equal to 1 is reasonably 

met. We did not see evidence of parrots avoiding the observation platform, and on several 

occasions, parrots landed in the tree above our platform. Bias would result from failure to 

detect parrots that remained below the canopy for the entire survey without vocalizing, unless 

an adjustment for sub-canopy density was applied to estimates. Although we believe such 

behavior was uncommon given the highly mobile and vocal nature of parrots, we had no 

quantification of this activity, and therefore estimates are based on visual detection of birds at 

or above the canopy surface and aural detections. We reviewed plot distance reference lines 

prior to each survey and verified our distance estimations with a laser rangefinder several 

times during each survey to maintain consistent and accurate measurements. Furthermore, 

we group detections into 25 m distance bands for analysis, thereby reducing error related to 



more precise, but less reliable, measurements (Buckland et al. 2001, Ellingson and Lukacs 

2003). 
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Detections are divided into 4 types based on whether the detection was made of 

parrots perched in the plot, flying into the plot, or of parrots that were heard in the plot but with 

their location and behavior unknown (Table 2-3A). For birds perched in the plot-detections 

of Types 1 and 3-detection area increases with distance from observers (Figure 2-5A). 

Detection area refers to the area of the survey plot between the observers and the detected 

parrots (Table 2-2). In contrast, for birds flying across the plot border-detections of Type 2-

the detection region is the length of the linear plot border, which is equal for all border 

segments (25m on each side of plot) except for the first and the last, which are proportionately 

smaller and larger, respectively, than the other segments (Figure 2-58). Detection Types 2 

and 99 (see Table 2-3A) were not used in our detectibility analyses. Associated with each 

detection are data on: (1) parrot species, (2) group size, (3) landscape type, (4) observer 

team, (5) detection distance-radial distance of the parrot group to observer team (to the 

nearest 25m), (6) detection period-the 5-minute time-block in which the detection occurred, 

and (7) Visible Plot Area (Table 2-2) for that 5-minute time-block. 

Observations are divided into 10 types based on the conditions in which the 

observation was made (Table 2-38). Parrots that were recorded in a portion of the plot that 

was obscured by poor weather conditions (e.g. fog) are not included in the final count of 

parrots for that survey because final 'On Plot' detection probabilities (described below) already 

reflect reduced Visible Plot Area due to weather factors. These exclusions are of auditory 

observations only (Observation Type 6) or of birds flying into or out of fog but not known to 

perch in the plot (Observation Types 4 & 5). However, for parrots recorded by auditory means 

only in clear weather, the modal group size is substituted for the unknown value, and the 

observations are included in density estimates. Modal group sizes are determined by species 

and season and are based on all observations-birds flying over plot and those landing in 

plot-for which group size was recorded. Birds flying across the survey area but not landing 

within the plot (Observation Type 10) are not included in the final counts. Thus, we tally 

counts of groups and individuals, separately, by survey and species for observations of 

Observation Types 1, 2, 3, 7, 8, and 9 (Table 2-38). 

Section One: Deriving 'On Plot' Detection Probabilities 

Our analysis is based on theory and the general analytical approach of Ramsey 

(1979); Ramsey and Scott (1981a); Scott et al. (1986); Ramsey et al. (1987); and Beavers and 



Ramsey (1998). Specifically, we examine the effects of three factors on detectibility: parrot 

species (Parrot), landscape type (Landscape), and observer team (Team). The effect of 

weather on detectibility is treated separately (described below). This analysis includes only 

detections of parrots perched in the plot during 3.25 h surveys (Detection Types 1 and 3, 
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Table 2-3A) in which plot visibility was 100%. Our basic strategy is to: (1) use the logarithm of 

detection area as the response variable in analysis of variance (AN OVA, Type Ill Sum of 

Squares) models to examine all possible explanatory factors including 2- and 3-way 

interactions among Parrot, Landscape, and Team, (2) using backward elimination, delete each 

non-significant factor and repeat the ANOVA until explanatory factors with p.::: 0.05 remain, to 

produce the final reduced model, (3) fit a least squares regression model with all significant 

explanatory factors (formatted as indicator variables), (4) adjust detection areas to average 

detectibility conditions using parameters from the model and find the Effective Survey Area 

(ESA) under average conditions using CUM-D program, (5) calculate ESA under all sets of 

conditions using model adjustments to the estimate derived using average conditions, and 

finally, (6) calculate the 'On Plot' detection probability (dp): 

dp = ESA (in km2
) / 0.2618 km2 (survey plot area). 

Weather-to account for change in Visible Plot Area due to weather during surveys, 

we adjust detection probabilities: (1) for surveys in which all 39 time-blocks had 100% 

visibility, the 'On Plot' detection probability remains as calculated above, (2) for surveys that 

had at least 1 time-block where Visible Plot Area was less than 100%, we calculate the 

proportion of Visible Plot Area relative to the total survey area (0.2618 'km2
) for each time

block, then compare that value to the calculated 'On Plot' detection probability and use the 

smaller value as the new detection probability for the block. Our logic is as follows: if the 

visible proportion of the survey area is smaller than the detection probability, the visible 

proportion limits detections. (3) We then calculate a new 'On Plot' detection probability for that 

species-survey combination as the mean of the detection probabilities of the 39 time-blocks. 

Section Two: Imputed and Estimated Occupancy Duration 

We assign each unique parrot group (i.e. observation) to a 'Situation' (A-F) based on 

its complete detection history in order to estimate its occupancy duration, used in estimation of 

density. Figure 2-6 provides graphic representation of each 'Situation', and Appendix 2-A 

provides the theory, assumptions, and equations for estimation of occupancy duration from 

imputed duration. Situation A includes groups that were detected flying into and landing on 

the plot, then later flying out of the plot; we assume that our identification of the group flying in 

and later flying out as being the same group is correct, and therefore its imputed duration on 



89 

the plot is certain. Situation B includes groups that were only seen leaving the plot; imputed 

occupancy is from the start of the survey until they flew out. Situation C includes groups that 

were only seen flying into and landing in the plot; imputed occupancy is from the time they 

flew in until the end of the survey. Situations D and E are special cases of C and B, 

respectively, where there was more than one detection for a group while it was on the plot, 

specifying a period of certainty to its occupancy duration but still including an imputed portion 

with uncertainty. Situation F includes groups that were detected on the plot either visually or 

only by auditory cue in clear weather, but were not detected flying into or out of the plot; 

imputed occupancy is for the entire survey period. 

In our hypothetical survey (Figure 2-3), detections #1-1 a-1 b, constitute one 

observation of a unique group of parrots on the survey plot from time-block 2 through time

block 28, which we assign to Situation A. We impute the group's presence on the plot from 

time-blocks 2 through 28, even though we did not observe it throughout that entire interval. 

For detection #3, the parrot group was only detected flying out of the plot at time-block 24; we 

assign the group to Situation Band impute its presence on the plot from the start of the survey 

until it flew out of the plot. For detection #4, the parrot was only observed flying into the plot at 

time-block 34; we assign it to Situation C and impute its presence on the plot from the time it 

flew in until the end of the survey. Hence, imputation results in a picture of parrot numbers on 

the plot at any time during the survey, even though groups were not under observation the 

entire time. 

Clearly, if a parrot group in Situation B (entry time unknown, exit time known) had 

flown into the plot undetected at some period other than time-block 1 or if a parrot group in 

Situation C (entry detected, no exit detected) had flown out of the plot undetected at some 

period other than time-block 39, our imputed time on the plot would be inaccurate. Therefore, 

we estimate parameters (re, m, and A) to account for the probability of each of three potential 

errors in the imputations. The first potential error is for failure to detect the group flying into 

and landing in the plot prior to when it was detected flying out (Situations B and E). The 

second potential error is for failure to detect the group flying out of the plot after it was 

detected flying in and landing (Situations C and D). Situation F, in which the group was only 

detected flying, vocalizing, or perching within the plot, includes both the first and second 

potential errors. The third error is related to the timing of the first or the second error; in 

Situations B, E, and F, it is the probability that the group arrived in some period before it was 

detected and in Situations C, D, and F, it is the probability that the group left in some period 

after it was detected. A full detectibility analysis as described for 'On Plot' detectibility is used 
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to estimate parameters ro and n; logistic regression is used to estimate parameter 'A. In each 

analysis, we model response variables derived from relevant subsets of detections with the 

explanatory variables: Parrot, Landscape, Team, and their interactions, as follows. 

• Parameter n, 'Plot Entry': the probability of detecting a group's entry, is based only on 

detection distances of groups entering and landing in the plot; the distances are the 

radial distances from observers to the landing locations. In this, we ask if the 

probability of observing a group flying in and landing is a function of the explanatory 

variables. 

• Parameter ro, 'Plot Exit': the probability of detecting a group's exit, is based only on 

detection distances of groups exiting the plot. We ask if the probability of observing a 

group flying out of the plot is a function of the explanatory variables. 

• Parameter 'A, the probability that the group arrived or departed undetected in some 

period before or after its known detection, is based on detections of groups that flew in 

and landed in the plot and which may or may not have been detected flying out. The 

binary response variable is "1" for a group that was detected flying out of the plot 

during the same 5-minute time-block that it was detected flying into and perching in 

the plot ('quick departures') and "O" for all others. We assume that these quick 

departures were all detected, at least at near distances. We ask if there is a 

difference in detection probability between quick d~partures and all others as a 

function of the explanatory variables. We assume a geometric distribution for the 

imputed duration with Parameter 'A. 

The final data set consists of the observations, each with its associated survey 

identification number, group size, 'Situation' type, detection time-block (P and Q: Appendix 2-

A), values for each of the three parameters (ro, n, 'A) and imputed occupancy duration. From 

this, we derive estimated occupancy duration (number of 5-minute time-blocks) for each 

observation using the appropriate equation for its 'Situation' (Appendix 2-A). This resulting 

value represents the estimated amount of time a group was on the plot, however it does n9t 

indicate when in the survey the occupancy occurred. 

Although density estimation does not require specification of when in the survey 

period that occupancy occurred, the information is useful for examining variation in density 

during the survey period, especially in the case of parrots, for which daily habitat use patterns 
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may be highly variable. Therefore, we adjust the imputed occupancy by its calculated error 

adjustment to define the specific timing of occupancy in the survey period for each 

observation, and we illustrate the results using Mealy Parrot data. For each observation, we 

calculate the difference between imputed and estimated occupancy duration to the nearest 

integer-the 'error adjustment' (in time-blocks)-and then based on the 'Situation', apply that 

adjustment to the appropriate end of the imputed period. For example, in Situation B or E 

(i.e. entry time unknown, exit time known), we add the error adjustment to time-block 1, so that 

the group is estimated to have flown in (undetected) later than the imputed initiation of the 

survey. For Situation C or D (i.e. entry detected, no exit detected), we subtract the adjustment 

from time-block 39, so that the group is estimated to have flown out (undetected) earlier than 

the imputed end of the survey. For Situation F, the adjustment is separated into two periods 

corresponding to the proportion of the detection time-block to 39 time-blocks (survey period); 

the adjustments are added to survey initiation and subtracted from survey end. For example, 

a detection made at time-block 28 is 0.7 of 39 time-blocks; if the error adjustment is 16, then 

11 (0.7 of 16) time-blocks are added to survey initiation and 5 (0.3 of 16) are subtracted from 

survey end. This group is then estimated to have been on the plot from time-blocks 12 

through 34, instead of the 1 through 39 imputed period. Hence, this results in a picture of 

parrot abundance on the plot at any time during the survey, after adjusting for probability of 

errors in imputation. 

Section Three: Estimating Parrot Density 

We calculate density in a format that explicitly represents in the estimate, the length of 

time groups occupy the plot ('user-hours') and, in conjunction with the mean number of hours 

per group, provide a measure of intensity of parrot use of the landscape. For each species

survey combination, we adjust the number of parrots (groups and individuals, separately) by 

'On Plot' detection probability, estimated occupancy duration, and survey plot size (0.2618 

km2
) to derive estimates of Group-Hours/km 2

, lndividual-Hours/km 2
, and Mean Hours/Group 

(Equations: Table 2-4). In a simplified example, 3 groups of parrots on the survey plot for 2 

hours would have a density of 6 Group-Hours/plot and a mean occupancy duration of 2 

Hours/Group, whereas 3 groups of parrots on the plot for 30 minutes would have values of 1.5 

Group-Hours/plot and 0.5 Hours/Group. 

A major problem encountered by researchers using ground-based point counts to 

measure parrot density is the high proportion of points that have no data, thereby requiring a 

very large sample size to reduce standard error of the density estimate to a reasonable level. 

To evaluate this aspect of our canopy-based method, we determine the number of canopy 
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surveys needed to reduce standard error to 20% and 30% of the mean density estimate. To 

accomplish this, we (1) select a subset of surveys and associated density data, (2) calculate 

mean density for the subset, (3) calculate mean densities and their standard errors as 

percents of the subset mean density at each increasingly larger number of samples (i.e. 

surveys) beginning with 2 surveys, (4) randomly sort the subset of data and recalculate 

statistics in the previous step, for 25 separate runs, and (5) calculate the mean and standard 

error for the 25 runs for each sample size. This analysis allows estimation of the number of 

surveys needed to reach a given level of precision under various parrot density conditions. 
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RESULTS 

We conducted 219 canopy surveys during the period June 1998 through December 

2000: 209 in the Tikal-buffer zone study area and 10 at one site in the southwestern Peten 

(Table 2-1). During those surveys, we recorded 3610 observations of parrot groups, 15 of 

which (0.4%) were of unknown species and were eliminated from further analysis. For all 

species except Aztec Parakeets, approximately 40% of the observations were of parrot groups 

that perched in the plot and about 60% were of groups that flew over the plot without landing. 

In Aztec Parakeets, a considerably higher proportion was detected on the plot, relative to fly

overs (Table 2-5). A total of 1519 observations-groups that perched in the plot or were 

heard on the plot during good visibility-were used in estimations of density ('user-hours') and 

mean occupancy duration. 

Modal group size was 2 for all species in both seasons except for Brown-hooded 

Parrots, which had a modal group size of 3 in the non-breeding season (Table 2-6). All 

species tended to occur in small flocks (Figure 2-7). There was a shift from single birds and 

pairs in the breeding season to slightly larger groups during the non-breeding season (Figure 

2-7). White-crowned Parrots, Brown-hooded Parrots, and Aztec Parakeets had higher 

proportions of observations in the larger group sizes compared to the other three species. 

Mean group sizes for the six parrot species ranged from 2.3 to 4.6 birds in the breeding 

season and from 3.4 to 6.4 birds in the non-breeding season, and were significantly larger in 

the non-breeding season for all but Aztec Parakeets (Table 2-6). 

Section One: Derivation of 'On Plot' Detection Probabilities 

There were a total of 4617 detections of four Detection Types divided among six 

parrot species (Table 2-7). The 15 detections (0.3%) of unknown parrot species were 

eliminated from further analysis. Approximately half of the detections were of birds perched in 

the plot (Types 1 and 3) and about half were of birds flying into the plot (Type 2). An average 

of 8% (6-12%) of detections were of Type 99-birds not directly observed (only heard)-and 

therefore do not have an associated detection distance. This type of detection usually 

resulted from poor visibility on the plot due to fog (71 %) or was of birds detected only by their 

vocalizations in clear weather (29%). For the four largest parrot species, detections of 

Detection Type 99 contributed fewer than 7% of total detections, whereas the two smallest 

species-Brown-hooded Parrot and Aztec Parakeet-had 10-12% (Table 2-7). Of the 4617 

detections, 1873 were Detection Types 1 and 3, and of these, 122 were removed because 

they occurred when visibility was less than 100%. Therefore, a total of 1751 detections were 

used in the detection probability analysis. 
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Detection rates-percent of total detections recorded within each area of concentric 

detection radii (i.e. 'Detection Area', Table 2-2) divided by that area-show that for the two 

largest species-Mealy Parrot and Red-lored Parrot-detectibility was relatively similar for all 

distances from observers, but generally declined with distance for the four smaller species 

(Figure 2-8). Scatterplots of detection distance by landscape type for each parrot species 

show some indication that detectibility varied with landscape type in some species (Figure 2-

9). It is not the number of detections, per se, but the comparative distribution pattern of 

detections that underlies differences in detection probability. For example, there were more 

surveys conducted in 'frag' compared to 'bajo' or '2ndG' (Table 2-1 B), however data for Aztec 

Parakeet showed proportionately more detections at greater distances (indicating higher 

detectibility) in '2ndG' compared to the other two landscape types (Figure 2-9). 

Backward elimination of all possible covariates including all 2- and 3-way interactions 

led to the final ANOVA model of factors significantly contributing to variation in detection area, 

which were the three main effects and two interactions (Table 2-8A). We fit a least squares 

regression model with the significant explanatory terms and derived 'On Plot' detection 

probabilities (Table 2-8B). These estimated detection probabilities are consistent with the 

pattern observed in plots of the raw data (Figure 2-1 0A) in that the two larger species-Mealy 

Parrots and Red-lored Parrots-had highest detectibilities and the four smaller species had 

lower detectibilities. There was a significant positive relationship between mean detection 

probability and body mass (['OnPlot'dp] = 0.4849 + 0.0007*[body mass], p=0.008; Figure 2-

10A). 

The pattern of detectibility among landscape types varied somewhat with parrot 

species (Table 2-8B, Figure 2-1 OB). For example, detectibility was relatively low in forest 

fragments for White-crowned Parrots, Brown-hooded Parrots and Aztec Parakeets, but 

relatively high for the other species. Detectibility in second growth was relatively low for 

White-crowned Parrots, but high for the other species. Overall, detectibility was highest in 

'2ndG', followed by 'intact', 'bajo', and 'frag'; 'southfrag' had lowest detectibility for all species. 

Detectibility was not consistent among species for a given observer team (Table 2-8B, Figure 

2-10C). For example, Team 40 ranked low for detecting Aztec Parakeets, but average to high 

with the other species. Overall, Teams 20 and 23 ranked highest and Teams 14 and 34 

lowest in detection probability for most species. 
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Scatterplots of detection distances by Visible Plot Area (as influenced by weatner) 

showed a clear positive correlation between decreasing visibility and decreasing detection 

distances for parrots perched on the plot (Figure 2-11 A). The effect of visibility on detectibility 

was not as strong for birds flying over the survey plot (Figure 2-118) because they could often 

be observed even under poor visibility conditions if they were flying above the fog. Detection 

probabilities were adjusted per survey based on weather conditions during the 3.25 h survey 

period. Eighty-three of 219 surveys (38%) had at least one time-block with decreased plot 

visibility. For those 83 surveys, plot visibility was reduced from 0.26 km2 to an average of 0.17 

km2 (±. 0.05 SD); 'On Plot' detection probabilities for those surveys were reduced by an 

average of 0.23. For example, Survey 1, conducted at an 'intact' site by Team 12, had an 'On 

Plot' detection probability of 1.00 for Mealy Parrots before weather considerations (Table 2-

88). However during that survey, fog rolled in and out of the plot during time blocks 15 

through 24; plot visibility changed from 100% to 0% and back to 100% over a 50-min period 

(10 time-blocks). The Visible Plot Area was 0.26 km2 for 29 time-blocks, 0.07 km2 for 3 time

blocks, and 0.0 km2 for 7 time-blocks, which averaged 0.20 km2
. This value divided by the 

0.26 km2 plot area is 0. 77, the new 'On Plot' detection probability from the original 1.00. 

Section Two: Imputed and Estimated Occupancy Duration 

For each season, we totaled detections of Mealy Parrot groups by 5-min time-blocks 

prior to adjustments for detection probabilities or imputations to illustrate the general temporal 

pattern of detections during a survey (Figure 2-12). Number of detections of groups using the 

plot was highest during the first hour after sunrise and steadily declined thereafter in both 

seasons (Figure 2-12A). In the breeding season, the pattern for groups flying over the plot 

(and not landing) was similar to groups using the plot, but in the non-breeding season, 

greatest number of detections occurred in the second hour, and then declined. Distribution of 

detections by time-block for each behavior type is shown in Figure 2-128-1 for breeding and 

Figure 2-128-2 for non-breeding seasons. 

A total of 1519 observations were assigned to Situations A-F (Table 2-9A). There was 

a similar pattern, among species, in the distribution of observations by 'Situation'. The largest 

proportions of observations were in Situations 8, C, and F-cases in which the group was 

detected only once during the survey (Table 2-9A). Each Situation defined the specific 

manner of imputation and equation using parameters to account for probability of error in 

imputation (Appendix 2-A). The following models resulted for each of the three parameters. 
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Parameter n, 'Plot Entry': probability of detecting a group's entry in plot: 

Two main effects-Parrot and Landscape-significantly contributed to the variation in 

detectibility of birds entering the plot (Table 2-10A). We fit a least squares regression 

model with the significant explanatory terms and derived 'Plot Entry' detection 

probabilities (Appendix 2-B-1 ). 

Parameter m, 'Plot Exit': probability of detecting a group's exit from plot: 

Three main effects-Parrot, Landscape, and Team-and the interaction of Parrot X 

Team, significantly contributed to the variation in detectibility of birds flying out of the 

plot (Table 2-1 OB). We fit a least squares regression model with the significant 

explanatory terms and derived 'Plot Exit' detection probabilities (Appendix 2-B-2). 

Parameter A, probability that the group arrived or departed undetected in some period before 

or after its known detection (depending on the Situation): 

For birds that flew into the plot, perched, and then flew out, there was no significant 

difference in the pattern of detection distances for those that flew out within one time

block and those that remained longer than 1 time-block for Parrot (p = 0.20), Landscape 

(p = 0.64), or Team (p = 0.07). Therefore, 11, was simply: 1 - probability of flying out 

within a 5-minute time-block for each species (Appendix 2-B-3). 

Parameter values were applied to imputed occupancy periods for relevant subsets of 

observations based on 'Situation' (Appendix 2-A) to produce estimated occupancy duration for 

each observation. Because values of Parameter 11, were very close to 1.0, there was little 

effect of this parameter on the resulting estimations for any Situation. The primary effects on 

imputed values were from the parameters n ('Plot Entry') and m ('Plot Exit'), both of which 

were directly proportional to the length of the imputed period. We report the results of these 

effects-the difference in time-blocks between imputed and estimated occupancy duration

as 'error adjustments' (Table 2-9B). 

Figure 2-13 illustrates the relationship between time of detection and error adjustment 

in Situations B, C, and F for Mealy and White-crowned Parrots-species at opposite extremes 

with respect to amount of adjustment. In the case of Mealy Parrots, adjustments were minor if 

at all. In contrast, many imputed periods of White-crowned Parrots had sizable error 

adjustments (reductions of up to 40% of the imputed period). For Situation B, as detection 

time of a group flying out of the plot occurred later in the survey (i.e. larger imputation), the 

proportionally larger the error adjustment. For Situation C (middle graphs), as detection time 
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of a group flying into the plot occurred earlier in the survey (i.e. larger imputation), the 

proportionally larger the error adjustment. For Situation F (bottom graphs), the group was 

imputed to have been on the plot for the entire survey period; error adjustment was a factor of 

entry and exit probabilities and was more variable relative to detection time than the other 

types of Situations. The variability in the amount of error adjustment for a given observation 

based on its detection time and Situation was due to varying 'Plot Entry' and 'Plot Exit' 

probabilities associated with each survey (Appendix 2-8-1 and 2-8-2). Although some 

observations had rather large adjustments (maximum values, Table 2-98), the largest mean 

adjustments ranged from 3 time-blocks or 15 minutes in Situation D to 9 time-blocks or 45 

minutes in Situation F (Table 2-98). 

To illustrate the morning pattern of group density resulting from estimated occupancy 

duration relative to timing within the survey, we graphed the mean number of Mealy Parrot 

groups adjusted by detection probability for each 5-min time-block within the survey period in 

each season (Figure 2-14). There was a slight decreasing trend in density through the survey 

period in the breeding season, whereas in the non-breeding season, density was relatively 

constant (Figure 2-14). The purpose of imputation is to remove the effect of varying 

detections rates (during the survey) on the density estimate. For example, when a group flies 

in and lands in the plot (and is not detected flying out), it is imputed to be there until the end of 

the survey, the imputation then adjusted for probability of error, thereby removing the effect of 

its inactive behavior (i.e. reduced detectibility) on density estimation. However, upon 

inspection, the pattern of mean densities during the survey period by season resembled the 

patterns of detections (Figure 2-15, top and middle sets of graphs), bringing into question the 

extent to which the rates of detection influence the resulting imputations, even after 

accounting for probabilities of errors in imputations. Thus, we examined more closely the 

underlying data that generated the densities to evaluate potential unexplained error in 

imputations. 

Data strongly supporting the assumption that the density patterns depicted actual 

variation in density, not an artifact of detection rates or imputation procedure, came from 

comparing the distribution of two detection types, 'Fly-In' and 'Fly-Out' detections (Figure 2-15, 

bottom set of graphs). In the breeding season, there were about equal numbers of groups 

flying out of and into the plots during the first hour of the survey, after which time there was a 

much larger proportion flying out of the plots. The relatively similar densities calculated for 

time-blocks in the early part of the survey period followed by a decline in densities in time

blocks through the remainder of the period was consistent with the differences in numbers of 
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groups flying into and out of the plots throughout the period. In the non-breeding season, 

there were many more groups flying out of the plots than into them early in the survey period, 

but equal proportions of the two groups after about the first hour of the survey. Again, the 

imputed pattern of densities was consistent with the differences in numbers of fly-in and fly-out 

detections. The higher mean densities calculated for the early part of the survey period, 

reflected the relatively greater proportion of groups flying out early but which were imputed to 

be on the plot from the start of the survey (a highly probable situation); as the numbers of the 

two detection types became relatively equal, the densities became relatively equal. As 

detections declined to almost zero late in the survey period in both seasons, densities 

remained constant, further evidence that detection rate did not strongly affect density patterns. 

Section Three: Estimatinq Parrot Density 

Group-Hours/km 2
, lndividual-Hours/km 2

, and Mean Hours/Group were calculated for 

each species-survey combination and were used as response variables for modeling in 

Sections Four and Five. The percent of surveys, of the total by landscape type and season, in 

which we recorded at least one detection of a given parrot species on the plot, is shown in 

Table 2-11. Values ranged from 0 to 100%. Clearly, the rarity of the species, its primary 

habitat associations, and its seasonal occurrence in an area all contributed to the proportion of 

surveys with detections. 

Using the per survey density estimates (Group-Hours/km\ we analyzed the number 

of surveys necessary to reduce standard error to 20% and 30% ('target precision') of the 

mean density of subsets of surveys selected to represent a range of conditions relative to 

rarity of a species and its habitat specialization (Figure 2-16). Because the 'southfrag' 

sampling site is geographically far removed from the other sampling sites, we excluded it from 

these analyses. We made one or more detections of Mealy Parrots in 59% of the surveys in 

the breeding season (Table 2-11 ). Using these data, we obtained the 20% target precision 

with 67 surveys (Figure 2-16A). However, if we limit our sampling to upland forest sites, the 

species' primary habitat association, where we recorded detections in 80% ('frag') to 88% 

('intact') of. the surveys (Table 2-11 ), we obtained the 20% target precision in only 36 surveys 

(Figure 2-16B). 

For the Red-lored Parrot, a habitat generalist, we recorded detections in 53% to 83% 

of the surveys in the breeding season (Table 2-11 ), resulting in 44 surveys to reach a standard 

error of 20% of the mean density (Figure 2-16C). However, in the non-breeding season, this 

species exhibited the lowest density of all the species (data in Section Five), with detections 



recorded in only 16% to 42% of the surveys among the four landscape types (Table 2-11 ). 

Hence, 105 surveys were needed to reach the 20% target precision (Figure 2-16D). In the 

breeding season, Brown-hooded Parrots exhibited lowest density and a strong association 

with only one landscape type; 27% of the total surveys for the four landscape types, 
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combined, had detections of this species (Table 2-11 ); the 20% target precision was not 

reached (Figure 2-16E). Based on these previous examples, expected detection ofa given 

species in 75% or 50% of total surveys required approximately 45 or 80 surveys, respectively, 

to reduce standard error to 20% of the mean density estimate (Figure 2-16F). Over 100 

surveys were needed to reach target precision when the percent of surveys with detections 

was 30% or less (Figure 2-16F). Examination of the curves produced in each of the examples 

indicated that 2 to 4 times fewer surveys were required with a 10% decrease in acceptable 

precision, to standard error as 30% of the mean estimate (Figure 2-16A-F). 

Section Four. Modelinq Parrot Density 

For each parrot species, user-hours (Group-Hours and Individual-Hours) and 

estimated occupancy duration (Mean Hours/Group) were each used as the response variable 

in each of nine models to explore model fit of main effects and interactions of the variables 

survey site ('M'), landscape type ('L'), and season ('S'). Prior to model fitting, we conducted 

initial assessment of the data by fitting a rich, tentative model and examining the residual plot. 

We then assessed standard transformations of the response variable and obtained a normal 

distribution using a square-root transformation. Thus, density response variables were square 

root transformed for modeling. Model fit was judged using various s_election criteria (BIC, AIC, 

and Extra-Sum-of-Squares F-test). The selected (best fit) model is the one, of the set of 

candidate models, which most accurately describes what effects are supported by the data 

based on the estimation of effect size and measures of its precision. Of the three selection 

processes, the BIC imposes a greater penalty for additional parameters and therefore favors 

best fit with least complexity (Kass and Raftery 1995). 

Based on the BIC criterion, there was consistency in the selected model among 

response variables within a species but there were differences among species (Appendix 2-

C). The Landscape-Season model was selected for three species-Mealy, White-crowned, 

and White-fronted Parrots-suggesting that the effects of landscape type and season best 

accounted for the density responses of these species. The Season model was selected for 

Red-lored Parrots, suggesting that season alone was the best model to describe the density 

responses of this species. The Landscape model was selected for Brown-hooded Parrots, 

indicating that the effect of landscape type alone best described the density response of this 
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species. Finally, the Null model was selected for Aztec Parakeets indicating that none of the 

models adequately accounted for this species' density response. 

In most cases, the AIC criterion or the Sum-of-Squares F-test selected more complex 

models compared to the BIC criterion. This inconsistency among models selected by different 

criteria was useful in examining what other effects were supported by the data. For example, 

with Mealy Parrots, differences among survey sites ('M') within landscape types accounted for 

a greater proportion of variability in parrot density than among landscape types ('L') after 

accounting for the landscape by season interaction using both the AIC criterion and Sum-of

Squares F-test selection. The site-to-site differences ('M') contributing to selection of the 

M+S+(L *S) model were within 'frag' and 'intact' landscape types. Mealy Parrot density was 

significantly lower at one 'frag' site ('pinzon'), which was the site most distant from intact forest 

and, qualitatively, most degraded among the other fragmented forest sites. Density was 

significantly higher at one 'intact' site, ('cpn'), however we have no speculation about site 

characteristics that might underlie this result. This model also was selected for Red-lored and 

Brown-hooded Parrots with the F-test, suggesting that site-to-site variation within landscape 

types contributed to the variability in their density responses as well. The more complex 

model selected by the AIC criterion and F-test for White-crowned Parrots, only included an 

additional term for a season by landscape interaction to the simpler model of main effects from 

those two factors. Model differences for Aztec Parakeets displayed interesting features in that 

there was a consistent mix of models chosen by the AIC criterion and F-test. As with the BIC 

criterion, the Null model for density of Individuals was selected, however the Landscape

Season model was selected for density of Groups using these other two selection procedures. 

In part, this result reflected the seasonally smaller number of groups in all landscape types in 

the non-breeding season but with a corresponding increase in numbers of individuals per 

group, resulting in the Null model selection for individuals. White-fronted Parrots were the 

only species in which all three methods selected the same model, suggesting that site-to-site 

differences within landscape types was not significant for this species. 

Section Five: Seasonal and Landscape Differences in Parrot Density 

To quantitatively describe how densities vary between seasons and among landscape 

types, we fit the density data for each species to the model with main effects for season and 

landscape and their interaction. Figure 2-17 displays the estimates, excluding the 'southfrag' 

landscape type in order to focus the comparison on data obtained from sites within relatively 

close proximity (i.e. Tikal-buffer zone sites in northeastern Peten). Examination of both user

hours and mean occupancy duration revealed the seasonal and landscape use patterns for 



101 

each species. For example, Mealy Parrots density was 20 Group-Hours/km 2 in 'frag' sites and 

12 Group-Hours/km 2 in 'intact' sites in the breeding season; groups in both landscape types 

spent a mean of 1.5 Hours/Group on plot (Figure 2-17). There were few observations of 

Mealy Parrots in the other two landscape types, and the birds spent only about 0.25 

Hours/Group in those landscape types. In another example, density of Aztec Parakeets was 9 

Group-Hours/km 2 in both 'bajo' and '2ndG' sites in the breeding season. However, on 

average, groups spent more time in the '2ndG' sites (1.5 Hours/Group) compared to the 'bajo' 

sites (0. 75 Hours/Group), that is more groups visited the 'bajo' sites, but spent less time on 

plot compared to the '2ndG' sites. 

Among species, patterns in density accord with results obtained in model selection 

(Section Four). Mealy and White-crowned Parrots had high densities in 'intact' and 'frag' 

landscape types, and were rarely observed in 'bajo' and '2ndG', and White-fronted Parrots 

had high densities in 'bajo' and '2ndG' compared to 'intact' and 'frag'. Each of these three 

rather habitat-specialist species showed a large decline in density between breeding and non

breeding seasons (e.g. change in total lndividual-Hours/km 2
: 70%, Mealy Parrot; 70%, White

crowned Parrot; and 55%, White-fronted Parrot). Aptly, the best-fit model (BIC selection) for 

these three species was the Landscape-Season model. In contrast, Red-lored Parrots and 

Aztec Parakeets were more generalized in their landscape associations and exhibited 

relatively high variability. However, Red-lored Parrots showed a strong decline (83%) 

between breeding and non-breeding season densities, whereas Aztec Parakeets exhibited a 

much smaller decline (22%), with higher variability. The best-fit model for Red-lored Parrots 

was the Season model and for Aztec Parakeets, the Null model. Brown-hooded Parrots were 

interesting in that their total density did not change between breeding and non-breeding 

season (e.g. lndividual-Hours/km 2
: -2%), however they occurred almost exclusively in 'intact' 

sites in the breeding season and were found in both 'intact' and 'frag' sites during the non

breeding season. The best-fit model for Brown-hooded Parrots was the Landscape model. 

Regarding occupancy duration, in both breeding and non-breeding seasons, parrot 

groups spent considerably more time on plots located in landscape types with which they had 

strong associations, compared to those in which they were not common. Furthermore, the 

four species that exhibited significant seasonal differences in density-Mealy, Red-lored, 

White-crowned, and White-fronted Parrots-tended to spend more time (Mean Hours/Group) 

on plots during the breeding season compared to the non-breeding season. In contrast, the 

two species that did not show a seasonal decrease in density-Brown-hooded Parrots and 

Aztec Parakeets-did not exhibit much seasonal difference in mean occupancy time. For all 
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species in their most heavily-used landscape types, parrot groups spent approximately 1.0-1.5 

hon plot per survey period in the breeding season and 0.25-1.0 hon plot during the non

breeding season. 

We summed parrot densities (lndividual-Hours/km 2
) without error bars to aid in visual 

presentation of comparisons among species and between seasons (Figure 2-18). During the 

breeding season, White-fronted Parrots, White-crowned Parrots, and Aztec Parakeets 

occurred in the highest density, followed by Red-lored Parrots and Mealy Parrots and the least 

abundant Brown-hooded Parrots. During the non-breeding season, White-fronted Parrots 

remain ranked with the highest densities, followed by Aztec Parakeets, White-crowned 

Parrots, and Brown-hooded Parrots. Mealy and Red-lored Parrots exhibited the lowest non

breeding season densities. 

Figure 2-19 displays density (lndividual-Hours/km 2 .:!:. standard error) for the six 

species by season and landscape type, including 'southfrag'. The 'southfrag' sampling site 

was an upland forest fragment in a highly human-modified landscape, and was approximately 

100 km southwest of the other sampling sit.es. Red-lored, White-crowned, and White-fronted 

Parrots and Aztec Parakeets exhibited densities in the 'southfrag' within a similar range of 

'intact' and 'frag' landscape types sampled in the northeast region. In contrast, Mealy Parrots 

and Brown-hooded Parrots exhibited greatly increased densities in the 'southfrag' (10- and 3-

fold increase, respectively) compared to the upland landscape types in the northeastern 

region. 



DISCUSSION 

Accurate censusing of wild bird populations remains one of the more difficult tasks 
confronting researchers and conservationists. There is no one universal method for 
estimating bird abundances and densities, and appropriate methods va,y according 
to species, time, and location. The desire to find a single technique that might work 
well for all parrot species will surely remain unfulfilled (Snyder et al. 2000). 
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The primary objective in this component of a broader investigation was to quantify 

habitat associations and abundance of Mealy Parrots in northeastern Guatemala throughout 

the annual cycle. Results from concurrent research on spatial- and habitat-use by radio

tagged Mealy Parrots (Chapter 1) aided in our evaluation of this new method and 

interpretation of the resulting patterns. We felt that for our particular field setting, objectives, 

and lack of knowledge of parrots' seasonal behavior, surveys conducted from the ground 

would not reliably measure parrot abundances. Large biases in detection likely would have 

resulted from: 1) the character of our habitats-large areas of unbroken upland forest and 

impenetrable scrub-swamp "bajo" forest, 2) seasonal variation in detection cues including 

vocalization and activity patterns, and 3) seasonal variation in weather conditions. We 

decided that point counts conducted overlooking the canopy, combined with detectibility 

analysis would produce the most reliable estimates of numbers of parrots for comparisons 

among species and landscape types and between seasons. Our analytical approach, backed 

by statistical theory, addressed major sources of bias, including species, landscape types, 

observers, and weather, and we accounted for length of time parrots were in the survey areas, 

to produce measures of density that provide a credible picture of parrot abundance for our 

regional and temporal scale. 

Evaluation of Survey Method 

Marsden (1999) was of the opinion that methods employing a "look-down" approach 

(i.e. vantage points overlooking the forest) have limited use because of the difficulty in locating 

suitable surveillance points in many areas, such as those in areas of level terrain. 

Furthermore, he believed such an approach might be of utility only where parrots always fly 

above the canopy and where parrot diversity is low, thereby facilitating accurate species 

identification. This latter point implies that there is greater difficulty with species identification 

in canopy-based methods compared to ground-based methods. His first point is valid; 

however, depending upon one's research objectives, the quality of resulting data may make 

worthwhile the initial time investment, and we counter his second two remarks as follows. 
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Our research, as with some other canopy-based bird surveys (Whitacre et al. 1992, 

Gilardi and Munn 1998), was conducted in lowland forests with low topographic relief. Initially 

selecting our survey sites was time-intensive. After stratifying habitats on maps and restricting 

our site selection by distance between sites and by accessibility, we often found it necessary 

to climb a number of emergent trees (up to 6) in an area before locating one with adequate 

visibility and stability to hold a small platform and two observers in its upper reaches. Gilardi 

and Munn (1998) also noted the rarity and non-random distribution of appropriate trees from 

which to conduct parrot surveys. Another restrictive aspect of canopy-based counts is that, 

even after survey sites have been established (trees located, platforms built), traveling to 

distantly separated sites and accessing the canopy to conduct the survey is a time-intensive 

process. Hence, a short count period (5-15 minutes) as is used in standard, ground-based 

point counts is not practical, especially for parrots, where the likelihood of no observations in a 

short count period is high. 

Initially, we considered conducting surveys both in the morning and late afternoon, 

however, in a pilot study, we recorded high variability in counts between the two periods at the 

same survey site and on the same day (unpubl. data). Weidenfeld (1993) also noted distinct 

differences between morning and evening activity patterns, and therefore limited his point 

counts to the morning. Gilardi and Munn (1998) quantified diel variation in parrot activity in 

their Peruvian canopy study; the birds displayed a bimodal pattern with highest activity 

beginning just after sunrise until about 0830, followed by low activity until about 1530, and 

then a moderate increase in activity until the end of their survey period at 1700. Their results 

demonstrated that counts conducted in the morning were not comparable to those made in the 

late afternoon. We chose to conduct surveys only in the morning with a duration of 3.25 h 

beginning 15 min before sunrise to correspond with the primary period of parrot activity. 

Regarding vertical distribution of parrots in the forest strata, Collar (1997, p. 300), 

presenting a thorough global review of parrot behavior and ecology, noted that the pattern of 

daily parrot activity is, in general, 

" ... fairly uniform. Birds tend to awake before dawn, and usually vacate the roost-site 
before or at sunrise, moving in groups to the feeding grounds some distance away, 
sometimes in high flight, often moderately low over the canopy, and in some species 
at canopy height or even rarely below it ... " 

We observed that radio-tagged Mealy Parrots, once settled into a tree to forage or 

rest, were usually located below the surface of the canopy; however when they moved to 
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another site, they flew above the canopy surface. Those species that tended to fly close to or 

just below the canopy surface were Brown-hooded Parrots and Aztec Parakeets, both of 

which had considerably lower detection probabilities, thereby accounting for their reduced 

detectibility in final density estimates. Furthermore, we did not limit our records only to visual 

observations; we recorded all parrots, including those that were heard only. Regarding 

decreased species identification with increasing species diversity, in northern Guatemala we 

needed to distinguish among only six parrot species, and of 3610 observations only 0.4% 

were unidentified to species. However, the Peru site studied by Gilardi and Munn (1998) 

supports one of the most diverse forest parrot communities; sixteen parrot species were 

common. Although the authors did not report difficulty in distinguishing species, we recognize 

the difficulty with species identification in a highly diverse assemblage. However, given the 

visually open perspective provided by the view over the canopy, and the ability to observe 

birds for a period of time, often in flight, we believe canopy-based surveys to be advantageous 

over ground-based methods for species identification in dense forest conditions. Benefit of 

canopy surveys could be inferred from Collar's (1997) mention that the presence of small 

parrot species might only be determined when they are vocalizing in flight above the canopy. 

All three factors-species, landscape type, and observers-significantly affected 

detectibility of parrots in our study. Species differences were predictably correlated with body 

mass as was also reported for parrots surveyed in roughly a similar manner in lowland forests 

of Peru (Gilardi and Munn 1998). Detection distances between the two studies varied slightly, 

with the Peru values of detectibility relative to body size being lower than ours; however 

results are not directly comparable because survey methods were not identical and 

detectibility was analyzed differently. Gilardi and Munn (1998) reported that only the largest 

parrots and macaws (approximately 1000 g) were detectible out to 300 m and that the smaller 

and low-flying species were consistently detected out to 100 m. Our results indicated that for 

most landscape types, the two largest species (400-600 g) were detected consistently out to 

approximately 400 m and the smaller species out to 250 m. It is also probable that differences 

in detectibility between our study and the Peru study (Gilardi and Munn 1998) were related to 

habitat structure. Differences in average detectibility (parrot species averaged) among the 

four landscape types in the northeastern Peten (i.e. Tikal area) varied by only about 15%, 

whereas detectibility at the single site in the southwestern Peten (i.e. 'southfrag') fell well 

below that average and was consistently low for all species. Qualitatively, the canopy surface 

of the 'southfrag' site was considerably more heterogeneous, with greater diversity of tree 

species and variability of tree heights than the Tikal area, which would account for the 
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relatively lower detectibility of all parrot species at 'southfrag'. Habitat in Peru is likely more 

similar to the taller, wetter primary upland forest habitat of our 'southfrag' site. 

Variability among observers in detecting animals can occur due to differences in 

vision, hearing acuity, and fatigue, among other factors (Ramsey and Scott 1981 b, Scott et al. 

1981, Scott et al. 1986), and our study was no exception. Despite systematic training of a 

small, skilled team of four primary observers, all using identical equipment (e.g. binoculars and 

range finder), we found significant differences among observer teams in their ability to detect 

parrots. Frequency of surveying by each observer likely played a role as well; our observer 

teams that consistently had the highest detection probabilities also conducted the most 

surveys. 

Based on behavior of radio-collared birds (Chapter 1 ), below we trace the typical 

morning of an adult pair of Mealy Parrots during different phases of its annual cycle, to provide 

validation for the imputation process. The behavior pattern we documented was similar to that 

described by Collar (1997, p. 300). Below, the timeline shows approximate periods of different 

phases in the nesting cycle that we documented in our study. 

Courtship & 
Copulation 

Young In Nest 

Incubation 

Hatching Fledging 

I JAN I FEB I MAR I APR I MAY I JUN JUL I AUG I SEP I OCT NOV DEC 

Early during the nesting period, in January and February, the pair roosts together at 

night within 500 m of their nest site. At first light, they may allopreen and copulate, and then 

within the first 45 min after sunrise they fly to a new location. Within the first 1.5 h after 

sunrise they usually fly 2-4 times in bouts of foraging, copulating, vocalizing, and allopreening, 

before settling in to perch and rest for the next 1.5 to 3 h after sunrise. They tend to move in 

one general direction rather than double back, traveling less than 200 m between locations 

and less than 400 m total linear distance. 

The pattern changes after eggs are laid and incubation begins, which lasts about 28 

days, and generally occurs March through April. Our information during this period comes 

mainly from nest observations, so we have no data on distances traveled per morning. The 

male roosts at night within about 50 m of the nest while the female incubates, or both birds 
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may be in the nest for the night. Around sunrise or before, the male leaves, usually silently, 

and then returns within about an hour after sunrise. At his arrival, the female exits the nest 

and the pair leaves together usually quietly, perhaps making short flights around the area 

foraging and with the male giving food to the female; then they return to the nest and one bird 

assumes incubation and the other leaves the area. Sometimes this activity is repeated later in 

the morning-about 2.5 h after sunrise. 

The pattern again changes during the nestling period, which occurs from April to July; 

young are in the nest approximately 60 days, with fledging taking place primarily in June or 

early July. The pair leaves the nest together around sunrise, forages at 1 to 2 locations before 

returning to feed the nestlings within 1-2 hours after sunrise. The pair remains at the nest for 

15 to 50 minutes, and leaves again for the rest of the morning. When young are close to 

fledging or just fledged, the pair makes short flights around the nesting area for most of the 

morning or after having made an early morning foraging trip. The movement pattern therefore 

tends to be back and forth to the nest with a distance of about 400 m between locations and a 

maximum linear distance traveled of about 700 m. If the nest fails before fledging young, the 

pair resumes a movement pattern similar to that of the early nesting period or more expanded 

as in the non-breeding season. Average home range size of an adult pair of Mealy Parrots 

during the breeding season, as determined from radio-tagged birds (Chapter 1 ), was 

approximately 0.5 km2
. These data on daily travel distance and home range size for Mealy 

Parrots are contrary to the common perception that parrots regularly make long (30 to 50 km) 

daily movements. We saw no evidence that Mealy Parrots commonly moved outside their 

approximately 0.5-km2 home ranges during the breeding season. 

During the non-breeding season, July through December, the pair may engage in a 

one- to two-parted migration, which takes them out of the local area. However, they may 

instead remain in the local area, as does a portion of the population, and expand their home 

range. In the latter case, they fly from their night roost within the first hour after sunrise to a 

location where they may settle for at least the next two hours or may make another flight and 

then settle to forage and rest. Generally their flight path is in roughly one direction, traveling 

an average of 550 m between locations and a maximum linear distance of about 850 m per 

morning. Birds that did not migrate expanded their home ranges during the non-breeding 

season to about 50 km2
. During these months a large portion of the population is engaged in 

a regional migration (Chapter 1 ). In July and August, some pairs of Mealy Parrots traveled 

northeast to locations up to 85 km from their breeding territories where they remained for three 

to five weeks. In late August through September, some pairs traveled southwest to locations 

up to about 200 km from the Tikal area where they remained until November or December at 



which point they returned to their breeding territories. Therefore, during the non-breeding 

season, there is a great deal of variation in movement patterns in this species in our study 

area. 
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Distance between point counts should be based on minimizing the probability of 

counting the same bird more than once and increasing statistical independence of points 

(Reynolds et al. 1980, Ralph et al. 1997), which depends on variables including size of a 

species' home range and its behavior ( Johnson 1997). However, in much of the research 

describing the use of the point count method, distance between sampling points seems to be 

based more on tradeoffs between sample size, travel time between points, and detection 

distance, and not the independence of points. This may be because most evaluations of the 

point count method have focused on breeding songbirds in North America, which generally 

remain within relatively small territories. Hutto et al. (1986), estimating relative abundances of 

landbirds in Mexico, restricted their point counts to a subset of "species whose home ranges 

were small enough that a reasonable number of independent detections could be assured" 

and eliminated wide-ranging species, suggesting that species with larger ranges would require 

more widely separated points to be considered independent. Weidenfeld (1993) believed, 

because of the relatively large daily flight range of parrots, that stations should be established 

at least 5 km apart, and he maintained this standard in subsequent research (Weidenfeld 

1995, 1999). 

The potential for counting the same birds more than once exists in our survey method, 

however our analysis of density is not sensitive to this error. Based on our observations at 

Mealy Parrot nests and movement patterns of radio-collared birds during incubation and 

nestling phases of the breeding season, one bird or the pair leaves the nest area early in the 

morning and returns within 1 h to 2.5 h. Our 3.25 h morning surveys during this period in the 

nesting cycle could have recorded birds engaged in this activity as different groups rather than 

the same group. We did not conduct surveys in April or May, the peak period for those 

nesting behaviors; however, surveys in March and early June may have logged such error. 

Because density in user-hours is the sum of hours that groups or individuals spend on the plot 

irrespective of whether they are the same or different birds, this error would only affect the 

estimate of Mean Hours/Group, not the density estimate of Group-Hours or Individual-Hours. 

Reducing the length of the survey period would reduce this potential error. However, surveys 

must be of equal duration to be comparable. Even if a particular study requires a longer 

survey period to address specific objectives, it might be useful to also analyze data and report 
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estimates (user-hours and hours/group) for a standard survey duration so that estimates can 

be compared among studies. 

Also of relevance in assessing the use of ground-based point counts for estimating 

parrot density is the critical assumption of detecting all target individuals at or near the point 

(Buckland et al. 2001). Hutto et al. (1986) described an important discrepancy in their results 

for some species, which they related to shy or inconspicuous behavior when the bird was near 

the observer. This behavior was most notable with the Lilac-crowned Parrot (Amazona 

finscht); observers detected only 1 % of the birds within 25 m, but 59% were beyond 25 m, in 

118 point-counts. In our radio telemetry work with Mealy Parrots, the inconspicuous behavior 

and cryptic coloration of these birds perched high in old growth forest, often necessitated 

many minutes of our time trying to make visual observation of a radio-tagged bird, as we 

searched with the aid of the strong radio signal from directly below the tree in which we knew 

it was perched with its mate. We believe that in ground-based point counts, the potential of 

missing parrots perched in dense forest is high, both because of general difficulty in detecting 

them from the ground and the possibility of their increased secretive behavior in the presence 

of humans. Marsden (1999) acknowledged this problem in the use of ground-based point 

counts and recommended that a period of controlled flushing of birds be instituted after the 

main counting period. With our canopy-based surveys conducted over a lengthy period, the 

likelihood of observing the majority of parrots in the plot at some time during the active 

morning period was much higher. 

Spatial characteristics of home ranges and daily movement patterns of parrots are still 

poorly understood, and there is a perception that many species commonly travel long daily 

distances from roost sites to foraging areas (Collar 1997). Different habitats may serve 

different functions, and parrot use at a given site may be highly variable throughout the 

morning. The conventional density format of a "snapshot" or "instantaneous" measure of 

parrot presence on the landscape (Buckland et al. 2001 ), conceptually suggests a measure of 

consistent spacing of birds on the landscape, as in species where breeding pairs remain 

within specific territories distributed relatively evenly across an area. This "snapshot" 

representation of density can be calculated from our density measure of user-hours, dividing it 

by the length of the survey period (3.25) to obtain the mean number of Groups/km 2 or 

lndividuals/km 2 expected on the landscape in any 5-min period during the morning survey 

period. However, we believe that density in this format may not adequately portray density for 

species that engage in large daily movements and which have highly variable home ranges. 

Density in user-hours explicitly represents time in the estimate and, evaluated in association 



110 

with mean hours per group, conceptually provides a measure of parrot use of the landscape. 

Irrespective of these conceptual differences, parrot detections analyzed with occupancy 

duration specific to time of day can be presented as the mean number of groups or individuals 

in each of the 5-min time-blocks for the entire survey period, as we have shown for Mealy 

Parrots (Figure 2-14). Presenting data in this format confers the added advantage for the 

researcher to examine presence of parrots in a habitat throughout their survey period, allowing 

finer-scale interpretation of differences in function of habitats for parrots. 

Re-examining Mealy Parrot data, presented as mean density per 5-min time-block, we 

noted a slight but decreasing density through the survey period in the breeding season (Figure 

2-14). We were not able to explain this decline based on activity of radio-tagged birds, and 

therefore we examined further the probability of error in imputation. One factor not modeled in 

imputation error was the actual pattern of morning flight activity of parrots. Greatest activity 

tends to occur during the first hour after sunrise and then declines to relatively few flights 

during the third hour after sunrise as birds settle in to feed and rest. Therefore, we suspect 

that detections in Situations Band F (entry time unknown, exit time known) that occur late in 

the survey period have a greater probability of error, above the proportional error, than 

detections earlier in the period, or than other Situations, because those are cases in which 

previous detections were not made but likely would have occurred. Examination of the 

temporal distribution of Mealy Parrot detections in Situation B (Figure 2-13) suggests that 

some additional sour.ce of error in imputation may have occurred in the breeding season from 

late detections in Situation B and that our accounting of probability of error may not be 

complete. The resulting density pattern for Mealy Parrots may exhibit a slight overestimate of 

density early in the survey period rather than a real decline. This pattern of parrot activity 

could be considered in future refinement of the analysis, possibly assuming a different 

distribution than geometric for the imputed duration with Parameter 'A. 

Finally, as part of our evaluation of the survey method, we compared some 

characteristics of our canopy survey with ground-based point count method (Figure 2-20). 

The comparison is based on data from our surveys and our approximations of the same from 

published literature on point counts of parrots. Differences in methods with respect to 

elements that affect accuracy and precision of resulting density estimates are sample size, 

detection area, and frequency of counts or surveys that have no detections (Figure 2-20). 

Assume that 8 point counts or 1 canopy survey can be obtained in a 3-h morning period. 

Given a detection radius of 50 m for a ground-based point count, the detection area is 

approximately 0.8 ha; whereas the detection radius for Mealy Parrots in a canopy survey is 
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400 m or a detection area of 16.8 ha (Figure 2-20A). In 10 days, about 80 point counts or 10 

canopy surveys could be conducted (Figure 2-208), covering about 65 ha or 165 ha, 

respectively (Figure 2-20C). 

One of the primary problems with sampling parrots from the ground is the low 

encounter rate relative to area surveyed and, specific to point counts, the large number of 

resulting "counts" without bird detections. When we began this project, we attempted to 

collect foraging observations of parrots by walking transects concurrent with canopy surveys. 

An observer would systematically walk trails at approximately 1 km h-1 in search of foraging 

parrots in the general region of the canopy survey. We abandoned this effort after 15 surveys 

(42 hours) resulted in only 20 observations of perched and/or foraging parrots, or 

approximately 0.5 parrots hou( 1
. Our low encounter rate in a ground-based survey is 

consistent with low encounter rates of Marsden (1999). Based on point counts for a large 

number of parrot species in Indonesia, he determined that 1000-2000 point counts were 

necessary to reduce the coefficient of variation to 20% for most species because of the large 

number of counts with no detections. His data indicated that for species with densities similar 

to our density for Mealy Parrots, 15% of the point counts had bird detections for a given 

species. Using our survey data for Mealy Parrots, even when we included landscape types in 

which the birds almost never occurred, 67 surveys brought the standard error to 20% of the 

mean density estimate (Figure 2-16A). 

In a direct area comparison, 50 canopy surveys total 840 ha of detection area equal to 

that of about 1000 point counts. At a rate of 8 point-counts per day it would take 125 days to 

complete the point-counts, but only 50 days for canopy surveys. Although with canopy 

surveys, fewer points can be sampled relative to ground-based point counts, survey area and 

duration as well as ability to detect parrots are increased, thereby encompassing a greater 

range of spatial and temporal variability, and at least in this scenario, to reach a given 

precision requires fewer days with canopy surveys. Furthermore, our data on home range 

size of Mealy Parrots bring into question the independence of point counts that are spaced 

200-250 m apart. The difference in the proportion of samples with no bird detections for point 

counts compared to canopy surveys is not only related to the difference in detection area 

between the two methods, but also to the treatment of the morning temporal pattern of parrot 

flight activity (i.e. detectibility). As parrots become less active following peak activity in the first 

hour after sunrise, they will tend to be less detectible. Ground-based point counts would be 

strongly influenced by this variation in activity, whereas with our method of imputation, bird 
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presence on the plot is not directly a function of detectible activity throughout the survey and 

therefore has little effect on density estimates. 

We conclude method evaluation with six recommendations or guidelines based on our 

experiences using canopy surveys for quantifying parrot density. 

• First, initial investment in establishing canopy survey sites may make the canopy

based method more appropriate for long-term studies and in habitats that are 

relatively closed in structure and limited visibility, compared to situations which require 

rapid assessment of populations or in habitats with more open structure and good 

horizontal and vertical visibility. However, more research should be directed at 

evaluating and refining ground-based point count or other less logistically demanding 

survey methods for sampling parrots, the accuracy of which is critically important if 

used to set harvest quotas. 

• Second, during certain periods of the morning or of the breeding season, the rate at 

which birds crossed our plot made it difficult to record all observations even within our 

defined plot. A wedge-shaped fixed plot rather than a point with a 360° view and 

undefined radius, not only provided us more options in site selection, but allowed us to 

focus on a limited area to more accurately record all birds, their detection locations, 

and the subsequent movements of birds already recorded on plot. Even within a 

bounded area, it is necessary to record detection distances in order to calculate 

detection probabilities. 

• Third, spacing between points in canopy surveys needs to be investigated further to 

provide standardization that minimizes spacing while maximizing independence of 

data, a recommendation we extend to ground-based methods. Based on movements 

and space use of radio-tagged Mealy Parrots, our spacing of_:: 5 km, recommended 

by Weidenfeld (1995) provided adequate separation of our survey sites. 

• Fourth, regarding survey duration, canopy surveys conducted for a shorter period than 

our 3.25 h period would probably adequately sample a given point, and would reduce 

error in the estimate of mean hours per group associated with counting the same 

group as different groups when they leave from and return to the plot within the period 

of the survey. Reduction in survey duration would have the added benefit of reducing 

fatigue of observers. We add a cautionary note for use of a short survey period in 

regions of significant early morning fog, a weather condition to which parrot activity 
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was closely linked. Flight activity was much reduced when fog was present, and 

parrot activity did not begin until it cleared. On those mornings, the majority of data 

was collected in the latter part of the survey period, the effect of which we accounted 

for in our analysis. No matter the length of the survey period in a given study, a 

minimum standard duration could be established so that data from different studies 

employing this method can be compared. 

• Fifth, the high variability in parrot abundance even within habitat types emphasized 

the value of stratifying sampling by habitat type to reduce inherent variability. 

Seasonal shifts in habitat associations that can occur within a species, highlight the 

value of sampling across habitat types in a study area. 

• Finally, our data underscore the important point made by Renton (2002) that "rapid 

surveys used to determine status of a species or establish quotas for international 

trade, may be susceptible to biases and inaccuracies resulting from ... potential 

seasonal variations in movements, area requirements, and habitat use." When study 

objectives do not require estimates throughout the year, limiting surveys to the period 

just before or at the beginning of the breeding season, would eliminate error in 

estimates associated with seasonal movements as recommended by Weidenfeld 

( 1993) and Casagrande and Beissinger ( 1997). 

Landscape Associations, Abundance, and Seasonality 

First, we mention two other members of the Psittacidae family that occur in our 

general study area but were not part of this research. The Peten, particularly the northwestern 

region, is one of the last strongholds for the endangered and very rare Scarlet Macaw, Ara 

macao cyanoptera (Weidenfeld 1994). However, due to its rarity and occurrence primarily in 

the northwest, it was never observed in our canopy surveys. Different survey methods are 

necessary to quantify abundance, distribution and habitat affinities of such rare species 

(Guacamayas Sin Fronteras 2001 ). Also, there is one published report of Yellow-headed 

Parrots (Amazona oratrix) that were observed in forest in northeastern Peten in 1993 (Clay 

1999), a report not surprising given the species' occurrence in bordering Belize to the east, 

Honduras to the southeast, and Mexico to the northwest. It is being considered an allospecies 

of a superspecies complex with birds of Belize and Honduras (AOU 1998, Lousada and 

Howell 1996). Although we never observed this species in the wild during the period of our 

research, one of our field technicians observed an individual that had been captured from the 

wild in northwestern Peten. 
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Results from this study demonstrated distinct differences in habitat associations 

among the six dominant parrot species inhabiting northern Guatemala. The species most 

threatened with habitat loss in our study area are the Mealy Parrot and Brown-hooded 

Parrot-both mature, upland forest associates occurring in relatively low densities in our study 

area. These two species generally have been considered uncommon and associated with 

undisturbed forests in Mexico and throughout Central America. Howell and Webb (1995) 

wrote that the Mexican population of Mealy Parrots was decreasing with loss of habitat and 

that they were "mostly restricted to extensive tracts of forest". Ridgley (1980) suggested that 

they rarely fly over cleared areas. Weidenfeld (1993) thought that Mealy Parrots might only be 

found in large areas of unbroken broad-leafed forests, for he did not encounter them in 

extensive surveys across Honduras; Brown-hooded Parrots were among the least common 

species he recorded. Forshaw (1978) reviewed accounts of Brown-hooded Parrots, indicating 

they were primarily associated with dense, humid forests, among the least common species in 

southern Mexico, and fairly common in Peten, Guatemala. Mealy and Brown-hooded Parrots 

were the least common species recorded in countrywide point counts in two different years in 

Nicaragua (Weidenfeld 1995, 1999). 

In our study, Brown-hooded Parrots occurred in the lowest density of the six species, 

almost exclusively in the most threatened of our landscape types, 'intact' upland forest. We 

recorded Mealy Parrots in both intact and fragmented upland forests. However, their density 

in the fragmented forest was almost double that of the intact forest, a response contrary to 

what we expected based on previous descriptions of this species' habitat associations. We 

found few Mealy or Brown-hooded Parrots in other surveys that we conducted in the highly 

fragmented and largely deforested portions of the Peten (unpubl. data). All but one of our 

'frag' sites in the Tikal area were adjacent to large unbroken tracts of forest, making the 

occurrence of these species in the fragments more explainable. The one site ('pinzon'), which 

showed significantly lower density compared to other 'frag' sites, was quite isolated from large 

tracts of forest and also qualitatively more degraded in character. With this exception, the 

other 'frag' sites appeared to still maintain characteristics of intact forest except that they were 

becoming more dissected by trails and accessed by humans for selective logging and hunting 

in the recent past. Possibly, increased forest edges and associated opening of the canopy 

resulted in greater abundance of food resources for parrots in these forest fragments 

compared to intact forest. More abundant and spatially predictable fruiting of understory 

plants was documented in young second-growth sites with more open canopy compared to 

older sites in Costa Rica (Blake and Loiselle 1991 ). 
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However, higher density does not necessarily equate to higher quality habitat (Van 

Horne 1983). Densities may reflect conditions from a recent past of higher habitat quality or 

may be a result of floaters, subdominant, or "surplus individuals" may be limited from relatively 

high quality habitat and forced into habitats where there is reduced territoriality pressure (Van 

Horne 1983). Graham and Blake (2001) pointed out that although bird species primarily 

associated with continuous forest might be found in or even breed in forest remnants, little is 

known about their comparative survival or productivity. They described studies that showed, 

in some cases, the status of individuals of a forest-associated species may be different 

between intact and remnant forest such that the remnant individuals do not hold territories, or 

are transients with lower survival. Higher density of Mealy Parrots in forest fragments 

compared to intact upland forest did not equate to smaller home ranges for those birds. 

Radio-collared adults nesting in forest fragments had mean home ranges twice the size of 

those in intact forest, a large proportion of which was non-forest habitat. When non-forest 

habitat was excluded from the analysis, there was still about 40% more area of forest within 

their mean home range (Chapter 1 ), suggesting that forest in the fragments was of lower 

quality than in intact forest relative to the birds' requirements, that there was greater overlap in 

breeding home ranges of birds nesting in the fragmented forest, and/or that a larger portion of 

the birds were non-breeders. 

All species that we studied occurred in small groups of generally one to six individuals 

in both breeding and non-breeding seasons, as was found by Gilardi and Munn (1998) during 

the non-breeding season in Peru. The largest proportional change in frequency of group sizes 

between seasons occurred in the single-bird category with a large decrease from breeding to 

non-breeding seasons. We know, at least for Mealy Parrots, that breeding pairs during 

incubation and young nestling stages tend to divide duties, with one bird remaining at the nest 

while the other leaves to forage, behavior that would account for the large proportion of single 

birds in the breeding season. During the non-breeding season, radio-tagged adults were 

always in pairs, small groups, or occasionally in large foraging flocks, especially during 

migratory periods (July-September). We do not know the extent to which this shift to larger 

group sizes in the non-breeding season reflected reproductive success of the pairs. Sub

adults and more than one family group also must have comprised the seasonally larger flocks. 

In neither season did we observe large numbers of birds leaving a specific location in morning 

canopy surveys, concurring with observations of Gilardi and Munn ( 1998) that these forest

dwelling species do not form large communal roosts at night. 
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Despite the general shift to larger group sizes and the expected influx of young of the 

year entering the populations, four of the six species showed significant declines in densities 

from breeding to non-breeding seasons in the Tikal area. These seasonal declines 

corresponded to timing of radio-collared Mealy Parrots leaving the Tikal area (Chapter 1 ). In 

all three years, the majority of radio-collared individuals migrated from their Tikal-area 

breeding home ranges at the end of the breeding season in June-July, moving up to 200 km 

southwest during the non-breeding season, and returned to their breeding areas at the end of 

the non-breeding season in November-December. This correlation, between migration of 

radio-tagged birds and seasonal change in density at the population level, supports the 

hypothesis that the decline in density reflects a net movement of birds out of the Tikal area. 

Similar seasonal changes in abundance of Red-lored, White-crowned, and White-fronted 

Parrots suggest that they made regional migrations as well. This result was surprising, 

especially in the case of the Red-lored Parrot, a habitat generalist, which we predicted would 

remain relatively constant in numbers due to its habitat flexibility. Dietary switching and local 

habitat shifts related to abundance of food resources have been documented for other parrot 

species (Renton 2000). Because we were surveying the major habitat types throughout the 

year in the Tikal area, we know that these species were not just shifting to other habitats 

within the same local area. Our observations at migration sites of radio-tagged Mealy Parrots 

during the non-breeding season indicated that these were not the same sites used by the 

three other species; we made few observations of the latter anywhere in our searches during 

the non-breeding season. 

Collar ( 1997) states that many species of parrots are believed to engage in seasonal 

migrations of a local nature in that they are "undertaken in part but not all of the species' range 

and/or involving only partial evacuation of areas". The situation of partial migration appears to 

be the case with four of the Tikal-area species; a large proportion but not all of the population 

of each species disappeared from the local area. With a few exceptions, Collar (1997) affirms 

that many of the descriptions of parrot movement patterns are "vague and tentative" because 

of the paucity of specific, direct measures and the difficulty in acquiring the information. Collar 

(1997) summarized a number of likely cases of local movements, many occurring along an 

altitudinal gradient, and others he termed "presumed", "apparent", or "nomadatic" because of 

lack of better data. Some studies have attributed a seasonal decline in abundances of parrots 

at one study area, to movement of birds out of that area. For example, in Atlantic cloud 

forests of eastern Brazil, a two- to five-fold decrease in encounter rates for each of four parrot 

species was recorded between the dry (April-August, winter) and the wet seasons (Pizo et al. 

1995). As noted by Collar (1997), it might be assumed a population migrated if it occurs in 
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large noisy flocks in the non-breeding season, but becomes inconspicuous in the breeding 

season. Data from canopy surveys provide stronger inference that changes in abundance 

reflect real changes in bird presence. In central Amazonia Brazil, canopy surveys conducted 

for 13 consecutive months showed changes in abundance of two parrot species, interpreted 

as seasonal movements away from the study area in the dry season (Naka 2004). The Red

lored Parrot was one of those two species, as was documented in our research. The other 

species, Pionus menstruus, is of the same genus as White-crowned Parrots, another of the 

species in which we inferred seasonal migration. Mealy Parrot abundance, on the other hand, 

did not show a seasonal pattern in the Brazil findings (Naka 2004). A handful of studies have 

directly documented seasonal movements of Psittacids. A small portion of the population of 

Great Green Macaws (Ara ambigua) in humid forests of northeastern Costa Rica makes non

breeding season migrations of 30-120 km from the lowlands to foothills (Bjork and Powell 

1995, Powell et al. 1999). A large portion of the central wheatbelt population of Western 

Long-billed Corellas (Cacatua pastinator) in Australia has been consistently documented to 

make post-breeding season movements of approximately 50 km (Smith and Moore 1992). 

Many tropical frugivorous bird species are thought to migrate seasonally in response 

to spatial and temporal variation in fruit availability (Stiles 1988). A number of studies have 

documented seasonal altitudinal migrations of tropical avian frugivores in montane forested 

situations and have related their movements to changes in fruit abundance along the 

elevational gradient (Wheelwright 1983, Loiselle and Blake 1991, Powell and Bjork 1995, 

Guindon 1996, Powell and Bjork 2004). In lowland tropical forest ecosystems, where 

topographic relief would not be a strong influence on temperature and rainfall, and 

consequently fruit abundance, little information exists on seasonal migrations of frugivorous 

species. However, there is some evidence that local movements of avian frugivores are 

related to distribution of rainfall, and its effects on vegetative growth and drinking water (Collar 

1997). Leck (1972) and Karr (1977) hypothesized that a set of nectivore/frugivore birds were 

local migrants from drier habitats to their study sites in central Panama. In the wet forests of 

La Selva Biological Station in Costa Rica, Loiselle (1988) found little evidence of seasonal 

variation in abundance of the dominant canopy species-the large frugivores including 

parrots. Renton (2002) documented a significant decline in encounter rates of macaws during 

the dry season compared to the rainy season in floodplain habitat in Peru; this variation was 

consistent with a documented decline in plant productivity in floodplain habitat at that time of 

year. 
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The southwestern Peten and southeastern Mexico have considerably higher rainfall 

compared to Tikal (50% higher during the wet season), and upland forests there have higher 

tree species diversity than upland forests in the Tikal area (Schulze, pers. comm.). Higher 

tree species diversity would likely translate into greater numbers of trees with fruit at all times 

of the year and greater foraging opportunities during periods of fruit scarcity. A tree phenology 

study conducted in dry and wet forests in Costa Rica (Frankie et al. 1974) provides a potential 

parallel to northeast (dry) and southwest (wet) Peten sites. In the Costa Rican dry forest site, 

which has a rainfall pattern similar to that of northeastern Peten both in seasonality and 

quantity, peak fruiting occurred in April, just prior to the onset of the rainy season, and the 

number of species with mature fruit declined to very low levels during the wet season. In 

contrast, in the wet forest site (4000 mm annual rainfall), peak fruiting occurred from August 

through October and a large number of species had mature fruit in any month of the year. 

The seasonal change in density of Mealy Parrots correlated, to some extent, with a 

seasonal change in the abundance of parrot food (i.e. fruit) in the upland forest habitats (both 

intact and fragments) in the Tikal area (Chapter 2). Highest levels of fruit abundance occurred 

in June and July, associated with large young in the nests and fledging, when food demands 

would be high. Fruit abundance declined in August and remained relatively low from 

September through April, at which time fruit abundance again began to increase to peak levels 

in June and July. We have not formally analyzed fruit data that we collected from 'bajo' and 

second-growth forest sites; however, we know that fruit resources were also greatly reduced 

during the non-breeding season in those landscape types. Therefore, significant post

breeding declines in densities of Red-lored and White-fronted Parrots-species associated 

with those two landscape types-were correlated with a general reduction of food resources 

throughout the Tikal area. 

Although based only on one sampling site, the upland forest fragment in southwestern 

Peten (i.e. 'southfrag') provided an interesting perspective at the larger geographic scale. 

Red-lored Parrots, White-crowned Parrots, and Aztec Parakeets exhibited densities in the 

'southfrag' site similar in magnitude to their densities in 'intact' and 'frag' landscape types in 

the Tikal area. White-fronted Parrots, whose predominant associations were with 'bajo' and 

second-growth forests, as expected, were rarely observed in the 'southfrag' upland forest; this 

species is primarily found in arid country and scrub woodlands throughout their geographic 

range (Howell and Webb 1995, Ridgley 1980). We established the 'southfrag' survey site in 

the second year of the project because of our growing suspicions during the first year of the 

project that Me~ly Parrots were migrating to that region. While conducting canopy surveys in 
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the Tikal area in August 1998 (the first non-breeding season of the project), we observed large 

flocks (41-48 birds on 3 different days) of Mealy Parrots flying high and in a southwesterly 

direction as if engaged in a migration at the same time our radio-collared Mealy Parrots 

disappeared. Despite intensive ground and aerial searches for the missing radio-collared 

birds throughout the entire Peten, we did not relocate them until they returned to their 

breeding season home ranges in the Tikal area at the end of the non-breeding season. 

During our searches, however, we did discover large concentrations of Mealy Parrots in forest 

fragments in the southwestern Peten in September 1998. In subsequent years, we 

documented radio-tagged Mealy Parrots migrating in the non-breeding season from the Tikal 

area to regions in the southwestern Peten and across the border to southeastern Chiapas, 

Mexico (Chapter 1 ). Therefore, significantly higher densities of Mealy Parrots recorded in 

canopy surveys in the 'southfrag' compared to sites in the Tikal area during the non-breeding 

season were consistent with movements of radio-collared birds. 

More difficult to interpret was the significant increase in Mealy Parrot density in the 

'southfrag' from the non-breeding to breeding seasons, at a time when the migrating radio

collared birds had returned to their breeding season home ranges in the Tikal area. Telemetry 

data from adult Mealy Parrots breeding in the southwestern Peten provided insight into this 

subpopulation's seasonal movement patterns, but did not facilitate the interpretation of the 

observed seasonal differences in density at the 'southfrag'. In 2000, we radio-collared five 

adult Mealy Parrots on their breeding ranges in the southwestern Peten to obtain some 

indication of the extent to which migration occurs across a larger segment of the population 

(Chapter 1 ). These birds did not engag~ in a distinct migration and remained in the area of 

their breeding season home ranges. If the southwestern Peten subpopulation is relatively 

sedentary, and the migrant northeast subpopulation leaves the southwest at the end of the 

non-breeding season, how do we interpret the extremely high densities in the 'southfrag' in the 

breeding season and a significant decline in density from breeding to non-breeding seasons? 

Juxtaposed in a highly modified landscape in southwestern Peten, the 'southfrag' site 

is within a nationally protected zone (El Ceibal Cultural Monument) and among the largest 

fragments (11 km2
) of mature forest remaining in the southwestern Peten. Once virtually 

covered in tropical forest except for some extensive areas of wetlands in the northwestern 

Peten, the map (Figure 2-1, Conservation International 2000), displaying forest cover as it 

existed in 1999, reveals the contrast between the northern and southern Peten. Deforestation 

rates in the MBR buffer zone in the northern Peten rank among the highest globally (Sader et 

al. 1997, Sader 1999), and are higher yet in the southern Peten (3.2% annual deforestation, 
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PROSELVA 2000), including the strict core zones where escaped agricultural fires have 

consumed large areas of the remaining mature forest (Brauns and Ramos 1999). First, it is 

conceivable that some of the southwestern breeding subpopulation also engages in seasonal 

migration, and that our small sample of radio-collared birds was not sufficient to detect its 

occurrence and/or that the one sampling site, 'southfrag', was not representative of parrot 

densities in the area. However, we suggest that contributory to the high breeding season 

densities of Mealy Parrots in the 'southfrag' is the impact of deforestation on availability of 

nesting habitat in the region. Mealy Parrots nest in cavities of very large trees, with an 

average DBH of approximately 1 m (104 .:t, 36.2 cm, Bjork et al. 2000). As areal extent of 

primary upland forest declines, birds become concentrated during the breeding season into 

remaining areas where large nest trees still exist, whereas during the non-breeding season 

birds disperse more widely when food resources are less abundant but not limited to the 

largest trees. The non-breeding season home ranges of the radio-tagged Mealy Parrots that 

nested in the southwest were an average of 225 km2
, four times the size of the non-breeding 

season home ranges of parrots that nested in the Tikal area and did not migrate (Chapter 1 ). 

Interestingly, Brown-hooded Parrots exhibited a pattern similar to that of Mealy 

Parrots, with their density in the 'southfrag' over twice the density of the intact sites in the Tikal 

area during the breeding season. They also exhibited a large decrease between breeding and 

non-breeding season densities in the 'southfrag', although their non-breeding season densities 

were comparable between the two regions and there was no evidence of migration in this 

species. We propose a scenario similar to that for Mealy Parrots, to explain this observed 

difference in density of Brown-hooded Parrots in the 'southfrag'. The nest of this species has 

not been described (Forshaw 1978, Howell and Webb 1995). However, on two occasions, we 

observed Brown-hooded Parrots behaving as if they were nesting in cavities of large (>1 m 

DBH) trees in 'intact' upland forest (although we were not able to confirm active nests in either 

case). Dependence on large trees (and other measures of intactness of habitat) for nesting, 

which may concentrate birds into the relatively larger protected forests in the breeding season, 

contrasted with expansion of home ranges into the modified landscape in the non-breeding 

season (as shown by this species' partial seasonal shift in their densities to 'frag' sites in the 

Tikal area) could account for the relatively higher density in the breeding season. We 

hypothesize that across a range of qualities of forest fragments in the southwestern Peten, 

foraging opportunities exist throughout the year allowing these upland forest associates to 

expand their home ranges in the non-breeding season. However, primarily in the larger, 

protected forest fragments, as is the 'southfrag' site, do large trees for nesting still exist, 

resulting in higher densities in these areas in the breeding season. 
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In summary, while we recognize that indices of abundance may be adequate to 

address many research goals (Verner 1985), and that it is difficult to meet many assumptions 

of density estimators, estimates of density are necessary to advance our understanding of 

underlying mechanisms of parrot distributions and for sound management decisions. 

Ellingson and Lukacs (2003), referring to landbird monitoring programs, argue against indices 

of abundance as "credible data from which to make inference about population dynamics" and 

they discuss misconceptions and utility of distance sampling. Nonetheless, we are concerned 

about the rapidly growing use of ground-based distance sampling methods to calculate 

density for the purpose of assessing conservation status and harvest quotas for members of 

this highly endangered family of birds. Clearly, our study was not intended to evaluate and 

compare different methods of estimating parrot density. However, the large body of literature 

on sources of bias and error associated with the ground-based point count method, and 

resulting effects on the density estimate and its precision, continue to accumulate primarily 

from studies of species with quite different habits than parrots (Nichols et al. 2000, Farnsworth 

et al. 2002). Findings of these studies may not be directly applicable to parrots, and field 

comparisons of different methods, similar to that carried out by Casagrande and Beissinger 

(1997), but over a greater range of conditions and species are needed. Spatially-explicit 

population modeling could provide a valuable framework within which to test sampling 

protocols. Accuracy and precision of density estimates could be modeled and compared 

using different sampling protocols (e.g. distance between points, sampling area, number of 

points) tested on various patterns of distribution, movement, and behavior within ranges of 

variability consistent with what is known or thought to occur in parrots, to better elucidate 

tradeoffs among strategies. 

In lowland tropical ecosystems, heterogeneity of forest habitats is often subtle, and 

the importance of this variation to wildlife and ecosystem integrity is not widely acknowledged 

or studied (Strahl and Grajal 1991, Levey 1994 ). Our results suggest that seasonal migrations 

. of parrots in some tropical lowland forest ecosystems may be common. At .least with Mealy 

Parrots, such species serve as indicators of forest heterogeneity at a scale not currently 

recognized through other regional conservation analyses (Chapter 1 ). Much remains 

undiscovered about the patterns of movements of subpopulations (birds from different areas 

within the greater northern Guatemalan geographic region) and different age classes. Only 

with such information, coupled with comparative studies of parrot densities in fragmented and 

unbroken habitats within the same general ecological zone, and demographic studies of 

reproductive success and survival, we will adequately address questions of long-term 
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population viability. Our results highlight the need for more detailed investigations of 

movement patterns of other frugivorous species suspected to engage in regional movements. 

As we build understanding of the range in spatio-temporal habitat requirements of wide

ranging species in lowland tropical ecosystems, we can increasingly provide more 

scientifically defensible strategies for regional conservation plans to maintain connectivity and 

integrity of the system. 
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Table 2-1. Number of canopy surveys by month and year (A) and summarized by landscape 
type and season (8). A total 219 surveys were conducted from 1998-2000: 209 
surveys in the Tikal-buffer zone area and 10 surveys in the southwest Peten. Cell 
values are total number of surveys, below which are values by landscape type: intact, 
bajo, frag, 2ndG, southfrag (added in March 1999). 

A. 

1998 
6 7 8 10 10 10 
2,2,2,0 2,2,2,1 3,2,2,1 3,2,3,2 3,2,3,2 3,2,3,2 

1999 
9 10 11 12 12 13 12 13 13 
3,2,3,1 3,2,3,2 3,2,3,2,1 3,2,4,2,1 3,2,5,2,0 3,2,5,2,1 3,2,5,2,0 3,2,5,2,1 3,2,5,2,1 

2000 
13 13 13 13 11 
3,2,5,2,1 3,2,5,2,1 3,2,5,2,1 3,2,5,2,1 3,2,5,0,1 

In each year, surveys were not conducted in April and May (because we concentrated on radio-tagging efforts), and 
only one set of surveys was conducted during the 2-month period in late November and early December (because of 
frequent inclement weather and holidays). 

B. 

intact 26 58 
bajo 18 22 40 
frag 35 43 78 

2ndG 15 18 33 
southfrag 6 4 10 
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Table 2-2. Survey area statistics used for calculating detection probabilities. 

Survey Visible Detection Detection Detection 
Plot Plot Area Distance Area Area (km2

) 
Radius (m) (km2

) (m) Radius (m) 

0 0.0000 0 12.5 0.0002 

25 37.5 0.0015 

50 0.0026 50 62.5 0.0041 

75 87.5 0.0080 

100 0.0105 ,i; 100 112.5 0.0133 

125 137.5 0.0198 

150 0.0236 150 162.5 0.0277 

175 187.5 0.0368 

200 0.0419 200 212.5 0.0473 

225 237.5 0.0591 

250 0.0655 250 262.5 0.0722 

" 275 287.5 0.0866 

300 0.0942 300 312.5 0.1023 

325 337.5 0.1193 

350 0.1283 350 362.5 0.1376 

375 387.5 0.1572 

400 0.1676 400 412.5 0.1782 

425 437.5 0.2004 

450 0.2121 450 462.5 0.2240 

475 487.5 0.2489 

500 0.2618 500 500.0 0.2618 
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Table 2-3. Coding for (A) detection typesa and (B) observation types. The term 'group' refers 
to a detection or observation of one lone parrot to more than one individual together in 
a flock. 

A. Detection Types 

Detection Description 
Type 

detection of perch location of a parrot group in the survey plot. In Figure 3, 

1 there are 3 detections of Type 1 (#1a, #1 b, and #3). Detection distance is the 
radial distance (m) from where the parrot group was perched to the observer 
team. 
detection of survey plot "border crossing", i.e. parrot group flying into the plot. In 

2 Figure 3, there are 3 detections of Type 2 (#1, #2, and #4). Detection distance is 
the radial distance (m) from where the group crosses the plot's border to the 
observer team. 
detection of landing location in the survey plot of a parrot group that flew into the 

3 plot. In Figure 3, there are two detections of Type 3 (landing locations of #1 and 
#4). Detection distance is the radial distance (m) from where the parrot group 
perched to the observer team. 
detection within survey area (or seemingly within) but birds not actually 
observed or not observed at their initial location (in the case where birds fly out 

99 of fog and into visible portion of plot). This situation could be due to visibility 
problems associated with fog or to not being able to see parrots in clear weather 
although they were vocalizing. 

8
Detection Types 1 and 3 were used in calculating "On Plot" detection probabilities. Detection 

Types 2 and 99 were not used in analyses. 

B. Observation Types 

Observation Description 
Type 

1 group observed in plot at start of survey 

2 group flies into plot from outside and then perches within plot 

3 group in plot when first detected, but prior to observation there was visibility 
problem. 

4 group flies into plot area and disappears in fog. No information on ultimate 
behavior, i.e. whether groups perched in or flew through plot 

group flies from fog into visible area and then out of plot area. No information 
5 on initial behavior, i.e. whether groups perched in plot or flew through without 

perching. 

6 auditory observation only, group flying around or perched on plot in fog 

7 group perched on plot when fog moves in and obscures it. 

8 auditory observation only, group flying around or perched on plot when 
visibility on plot good. 

10 group flies across survey area but does not land 
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Table 2-4. Equations for parrot 'user-hours' (equations 1 and 2) and mean occupancy 
duration (equation 3). Eis Estimated, dp is the 'On Plot' detection probability, n is the 
number of parrot groups that visit the plot during a survey, s1 is the size of group i, m1 
is the estimated number of 5-minute time-blocks occupied by group i, and the divisor 
12 is the number of 5-minute time-blocks in one hour. 

1. Estimated Group-Hours/km 2
: 

E [Group-Hours]= ((m1 + m2 + ... +m,J /12) / dp) I 0.2618km 2 

2. Estimated lndividual-Hours/km 2
: 

E [Individual-Hours]= ((m1s1 + m2s2 + ... +mnsn) I 12) / dp) I 0.2618km2 

3. Estimated Mean Hours Per Group: 

E [Hours/Group]= E [Group-Hours]/ E [n] 

(E [n] = (n I dp) I 0.2618km2
) 
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Table 2-5. Sample sizes of observations pooled from all surveys by parrot species and 
Observation Type. Refer to Table 28 for description of Observation Types. 

Observation 
Type n 

1 

2 

3 

7 

8 
'Total-
Used 

4 

5 

6 

10 

99 

Mealy 
Parrot 

3o;0 

Total 

Red-lo red 
Parrot 

n 
3o;0 

Total 

White
crowned 

Parrot 

n 

White
fronted 
Parrot 

Brown
hooded 
Parrot 

1Total-Used: number of observations used in estimation of density. 

Aztec 
Parakeet 

2Total-Not Used: number of observations excluded from estimation of density. 
3% Total: percent observations (by Observation Type) of either Total-Used or Total-Not 

Used. 
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Table 2-6. Modal and mean (±. standard deviation) group sizes by parrot species and season. 
P-values for Student's t-test comparing mean group size between breeding and non
breeding seasons are shown in "Diff' column. 

'.JA~,a_,;, ... Diff 

Mean (±.sd) p= 

Mealy Parrot 2 2.3 (±. 1.44) 2 3.7 (±. 6.23) 0.000 

Red-lored Parrot 2 2. 7 (±. 2.58) 2 3.4 (±. 3.67) 0.015 

White-crowned Parrot 2 3.2 (±. 2.87) 2 4.5 (±. 4.36) 0.000 

White-fronted Parrot 2 2.5 (±. 2.23) 2 6.4 (±. 9.51) 0.000 

Brown-hooded Parrot 2 2.9 (±. 2.25) 3 5.8 (±. 4.70) 0.000 

Aztec Parakeet 2 4.6 (±. 6.04) 2 5.8 (±. 8.46) 0.258 
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Table 2-7. Sample sizes of detections (and percents of totals in gray columns) pooled from all 
surveys by parrot species and Detection Type (DT). Refer to Table 2-3A for 
description of Detection Types. 

Parrot Species 

Meal Parrot 

Red-lored Parrot 

White-crowned Parrot 

White-fronted Parrot 

Brown-hooded Parrot 

Aztec Parakeet 
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Table 2-8. (A) Analysis of variance results for regression model of the logarithm of detection 
area of parrots perched on the plot and (B) estimated 'On Plot' detection 
probabilities-probability of detecting a group on the plot for a given parrot species, 
landscape type, and observer team-before adjusting for weather effects. 

A. ANOVA table 

Parrot 
Landscape 
Team 
Par*Lands 
Parrot*Team 
Residuals 

Df 
5 
4 
7 
19 
35 
1680 

Sum of Squares 
29.430 
31.331 
34.648 
51.260 
85.594 
1786.156 

Mean Sq 
5.886 
7.833 
4.950 
2.698 
2.446 
1.063 

FValue 
5.536 
7.367 
4.656 
2.538 
2.300 

B. Estimated 'On Plot' detection probabilities before adjusting for weather 

frag 2ndG bajo intact southfrag frag 2ndG bajo intact 

Mealy Parrot Red-lored Parrot 
T12 1.0000 1.0000 1.0000 1.0000 0.8748 T12 1.0000 0.9651 0.7653 1.0000 
T14 1.0000 1.0000 1.0000 1.0000 0.8756 T14 1.0000 0.9979 0.7913 1.0000 
T20 1.0000 1.0000 1.0000 1.0000 0.9610 T20 1.0000 1.0000 0.7992 1.0000 

T23 1.0000 1.0000 1.0000 1.0000 0.8171 T23 1.0000 1.0000 0.8228 1.0000 
T24 1.0000 1.0000 1.0000 1.0000 1.0000 T24 1.0000 0.9847 0.7808 1.0000 

T30 0.5642 0.8740 0.5515 0.6092 0.4466 T30 1.0000 1.0000 0.9177 1.0000 
T34 0.6218 0.9633 0.6079 0.6715 0.4922 T34 0.4298 0.3841 0.3046 0.4989 
T40 0.8966 1.0000 0.8764 0.9681 0.7097 T40 1.0000 1.0000 1.0000 1.0000 

White-crowned Parrot White-fronted Parrot 
T12 0.3835 0.2502 0.5371 0.4320 0.2376 T12 0.8422 0.9064 0.5867 0.9129 

T14 0.5464 0.3564 0. 7652 0.6155 0.3386 T14 0.4736 0.5097 0.3299 0.5134 

T20 0.5836 0.3807 0.8174 0.6575 0.3616 T20 1.0000 1.0000 0.8370 1.0000 
T23 0.9022 0.5885 1.0000 1.0000 0.5591 T23 0.8900 0.9579 0.6200 0.9648 
T24 0.5751 0.3751 0.8053 0.6478 0.3563 T24 1.0000 1.0000 0.8037 1.0000 

T30 0.3347 0.2183 0.4688 0.3770 0.2074 T30 0.7580 0.8158 0.5280 0.8217 

T34 0.5548 0.3619 0.7769 0.6249 0.3438 T34 1.0000 1.0000 0.9528 1.0000 

T40 0.6451 0.4208 0.9034 0.7267 0.3997 T40 0.8873 0.9550 0.6181 0.9619 

Brown-hooded Parrot Aztec Parakeet 

T12 0.3678 1.0000 1.0000 0.8078 0.2480 T12 0.4465 0.8684 0.4684 0.5650 

T14 0.2128 0.8525 0.7466 0.4675 0.1435 T14 0.3015 0.5864 0.3163 0.3815 

T20 0.5204 1.0000 1.0000 1.0000 0.3509 T20 0.6623 1.0000 0.6948 0.8381 

T23 0.3839 1.0000 1.0000 0.8431 0.2588 T23 0.5721 1.0000 0.6002 0.7240 

T24 0.1484 0.5942 0.5204 0.3259 0.1000 T24 0.4841 0.9416 0.5079 0.6126 

T30 0.4100 1.0000 1.0000 0.9005 0.2765 T30 0.3574 0.6950 0.3749 0.4522 

T34 0.2261 0.9056 0.7930 0.4966 0.1525 T34 0.3895 0.7575 0.4086 0.4928 

T40 0.4519 1.0000 1.0000 0.9925 0.3047 T40 0.1936 0.3766 0.2031 0.2450 

Pr (F) 
0.0000460 
0.0000070 
0.0000353 
0.0002765 
0.0000267 

southfraa 

0.3830 

0.3960 

0.4000 

0.4118 

0.3908 

0.4593 

0.1524 

0.5269 

0.1150 

0.0646 

0.1640 

0.1215 

0.1575 

0.1035 

0.1867 

0.1211 

0.4243 

0.2865 

0.6293 

0.5436 

0.4600 

0.3396 

0.3701 

0.1840 
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Table 2-9. Data by 'Situation': (A) numbers of observations and proportion of total 
observations by species. (B) error adjustment-mean difference.±. standard deviation 
between imputed and estimated occupancy duration (in time-blocks), with the 
maximum adjustment value in parentheses of each cell. 

A. 

Situation 
Number of observations (proportion of total by species) 

Mealy Parrot 54 (0.15) 111 (0.30) 77 (0.21) 19 (0.05) 34 (0.09) 74 (0.20) 

Red-lored Parrot 36 (0.15) 73 (0.29) 60 (0.24) 7 (0.03) 20 (0.08) 52 (0.21) 

White-crowned 
40(0.13) 88 (0.29) 75 (0.25) 15 (0.05) 33 (0.11) 54 (0.18) Parrot 

White-fronted 
21 (0.07) 98 (0.33) 58 (0.20) 9 (0.03) 38 (0.13) 70 (0.24) Parrot 

Brown-hooded 
20 (0.19) 37 (0.35) 17 (0.16) 1 (0.01) 10 (0.09) 21 (0.20) Parrot 

Aztec Parakeet 10 (0.05) 65 (0.33) 49 (0.35) 5 (0.03) 8 (0.04) 60 (0.30) 

B. 

Error Adjustment.±. SD 
(maximum value) 

Mealy Parrot 0.0 0.2:!:_ 0.3 0.5 :!: 1.0 0.5 :!: 1.0 0.1 :!: 0.1 0.7 :!:_0.9 
(1.7) (5.2) (3.3) (0.3) (3.4) 

Red-lo red 
0.0 0.9 :!: 1.2 0.4 :!: 1.2 2.0 :!: 3.1 0.3 :!:_0.9 4.2 :!: 7.5 

Parrot (4.9) (6.9) (8.4) (3.9) (33.1) 

White-crowned 
0.0 4.8 :!: 3.4 4.2 :!: 4.1 2.5:!:_ 2.9 3.6 :!: 3.4 9.3:!:_2.6 

Parrot (11.4) (15.5) (9.3) (12.8) (14.1) 

White-fronted 
0.0 

0.5:!:_0.6 1.2 :!: 1.6 1.1 :!:_0.6 0.4 :!:_0.6 1.6 :!:_1.7 
Parrot (2.2) (6.2) (1.9) (2.2) (8.8) 

Brown-hooded 
0.0 4.2 :!: 3.2 3.8 :!:_2.8 0.3:!:_0.0 2.8 :!: 3.1 7.2:!:_2.9 

Parrot (11.0) (9.0) (0.3) (8.0) (12.0) 

Aztec Parakeet 0.0 3.4 :!:_2.7 2.5 :!:_2.9 0.5:!:_0.4 3.2:!:_ 3.8 6.9 :!:_2.3 
(10.0) (10.1) (1.2) (10.0) (11.0) 



Table 2-10. Analysis of variance results for final regression models for two of three 
parameters to account for potential error in imputations for: (A) parameter n , 'Plot 
Entry' and (B) parameter ro, 'Plot Exit'. 

A. 'Plot Entry' 

Parrot 
Landscape 
Residuals 

B. 'Plot Exit' 

Parrot 
Landscape 
Team 
Parrot*Team 
Residuals 

Df 
5 
4 
491 

Df 
5 
4 
7 
35 
745 

Sum of Squares 
39.474 
14.981 
602.846 

Sum of Squares 
23.998 
13.665 
19.819 
80.359 
912.450 

Mean Sq 
7.895 
3.745 
1.228 

Mean Sg 
4.800 
3.416 
2.831 
2.300 
1.225 

FValue 
6.430 
3.050 

FValue 
3.919 
2.789 
2.312 
1.875 

Pr(F) 
0.000008 
0.016789 

Pr (F) 
0.00163 
0.02558 
0.02456 
0.00185 

139 
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Table 2-11. Percent of surveys, of the total by landscape type, in which at least one detection 
was recorded for a given parrot species, in breeding and non-breeding seasons. 

Breeding 
Intact Frag Bajo 2ndG Sofrag 
n=26 n=35 n=18 n=15 n=6 

Mealy Parrot 88 80 17 7 100 

Red-lo red 
69 83 78 53 50 

Parrot 

White-crowned 
96 77 39 27 83 Parrot 

White-fronted 
35 66 83 87 17 

Parrot 

Brown-hooded 
65 17 11 0 83 

Parrot 

Aztec Parakeet 46 69 50 80 17 

Non-breeding 
f; ·: f' ' . . <Fif • Intact Frag Bajo 2ndG ;' Sofrag 
. ; ·,it> ;;t;t ~. ,j (n=26) (n=35) (n=18) (n=15) <. (n=6) 

rvlealy Parrot 47 60 9 11 100 
•·. 

Red-lored 
16 42 23 33 I 25 

Parrot 

White-crowned 
... 

38 58 9 6 
.,. 

25 
Parrot .': 

White-fronted .. 
Parrot 0 30 45 61 ,,i> 0 

,; 

Brown-hooded 
47 35 14 0 ~~ 25 

Parrot 

Aztec Parakeet 38 60 32 72 :ll 25 
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Figure 2-1. Map of the study area in the Department of Peten, northern Guatemala. The 
enlarged box shows the distribution of forest (dark and light greens) and deforested 
lands (white) in the region (data from 1999, Conservation International 2000). The red 
circles show the general region of sampling for canopy surveys in the northeast (Tikal 
area sites) and southwest ('southfrag' site). 
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Figure 2-2. Mean monthly rainfall at Flores International Airport, Guatemala for the period 
1990-2001. The region exhibits a distinctly seasonal rainfall pattern, with a dry 
season from about December through May, and a wet season from June through 
November. Data from INSIVUMEH, Climate Center, Guatemala City, Guatemala. 
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A. 

SOOm 

la .. 
~ 

.. .. . . .. ·. . . . . . . . . 

observers 

B. 

Obs# Time ParrotSpp GroupSize lnitBeh UltBeh HtAbove Vocal 

1 0531 AF 2 Fl p 2 Yes 

2 0615 PS 4 Fl FO 3 No 

1a 0702 AF 2 FU p 1 Yes 

3 0718 ALB 8 FO FO 1 Yes 

1b 0741 AF 2 p FO 1 No 

4 0810 PH 1 Fl p 1 Yes 

Interpretation of plot diagram (A) and data .sheet (B): 

•Obs# 1: At 0531 (period 2), two Amazona farinosa flew into (Fl) plot and perched (P). They flew across the 
plot border at 225m from observers and perched at 400m from observers. They flew at approximately 10-25 
m above the canopy and vocalized. 

•Obs# 2: At 0615 (period 11 ), four Pion us seni/is flew into (Fl) the plot and flew out (FO), never landing in the 
plot. They flew across the plot border at 500m from observers, flying at >25m above the canopy and not 
vocalizing. 

•Obs# 1a: At 0702 (period 20), the pair of A. farinosa moved from their first perched location (at end of arrow 
1) to a new location within the plot (end of arrow 1 a). They flew from a location 400m from observers and 
landed at a location 200m from observers. They flew at <1 Om above the canopy and vocalized. 

•Obs# 3: At 0718 (period 24), eight A. albifrons flew up (FU) and flew out (FO) of plot from a location 375m 
from observers, flying at <10m above the canopy and vocalizing. 

•Obs# 1 b: At 07 41 (period 28), the pair of A. farinosa moved from their second perched location (P) and flew 
out (FO) of plot. They flew from a location 200m from observers, flying at <10m above the canopy and not 
vocalizing. 

•Obs# 4: At 0810 (period34), one Pionopsitta haematotis flew into (Fl) plot and perched (P). They crossed 
the plot border at a location 125m from observers and perched at 150m from observers. It flew at <1 Om 
above the canopy and vocalized. 
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Figure 2-3. Hypothetical example of parrot observation data recorded on (A) plot diagram and 
(B) data sheet. These are used to illustrate the method and aid in understanding 
descriptions of different data formats in the Data Analysis section. 
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MIRADOR + SEASON+ MIRADORxSEASON 

MIRADOR + SEASON+ LANDSCAPExSEASON 

LANDSCAPE+ SEASON+ LANDSCAPExSEASON 

No Model 

Figure 2-4. Relationship between nine models used to examine effects on parrot density. An 
arrow from one model to the other indicates that the 'other' is a special case of the 
'one', so that an Extra Sum of Squares F-test can be used to decide between them. 
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Figure 2-5. (A) Detection area and (B) Exposed border illustrate principle differences in 
probability of detection for Detection Types 1 and 3, which are associated with 
detection area, and Detection Type 2, which is associated with exposed border. 
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, 11 

Figure 2-6. Graphic representation of the imputation procedure for different 'Situations'. In 
each Situation, the 3 horizontal bars represent 3 observations in a survey. For each 
bar, the light gray portion represents imputed period of occupancy and the dark 
portion represents known period of occupancy by the parrot group. Corresponding to 
the bars are arrows that represent the group flying into or out of the plot, or stars (in 
Situation F) that represent detections of groups already on the plot. Appendix A 
provides theory, assumptions, and equations for calculation of estimated occupancy 
duration based on each Situation. 
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Figure 2-7. Distribution of flock sizes for six parrot species during breeding (dark bars) and 

non-breeding (light bars) seasons. 
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Figure 2-8. Detection rates (percentage of total detections recorded within the area of each 
concentric 'Detection Area' divided by that area) by 'Detection Area'. 
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Figure 2-9. Scatterplots of detection distances (m) by landscape types for each parrot 
species. There were no detections of Brown-hooded Parrots in '2ndG' landscape 
type. Points are "jittered" to reduce overlap in graph. 
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Figure 2-10. Mean 'On Plot' detection probabilities as a function of: (A) Parrot, (B) Landscape, 
and (C) Team. 
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Figure 2-11. Scatterplot of detection distance by Visible Plot Area for: (A) parrots perched in 
the plot and (B) parrots flying over the plot. The clumping of points at the 500m 
detection distance in graph B is due to the much greater length of exposed plot border 
(back perimeter of plot) for' birds recorded at 500 m. Data were "jittered" to facilitate 
graphic presentation. 



Figure 2-12. Temporal pattern of Mealy Parrot detections summarized as: 

(A) percent of total detections in each season for groups using the plot and groups 
flying over the plot in the first 15 min before sunrise, and 1, 2, and 3 hours after 
sunrise. 

152 

(8) number of detections by behavior type during (8-1) breeding season-100 
surveys and (8-2) non-breeding season-109 surveys. For each season, the upper 
graph displays the sum of detections per 5-minute time-block coded into one of four 
types of behaviors, below which is a detection summary for each of the four behavior 
types graphed as a percent of total detections. 

The behaviors are: FLYOVER: a group flying over the plot and not landing within, 
FU/P: a group flying up'or perched from a location in the plot, FO: a group flying out of 
the plot, and Fl: a group flying into the plot. 
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Figure 2-13. Relationship between detection time and error adjustment in 3 'Situations', using 

data from Mealy and White-crowned Parrots. Error Adjustment is the difference 
between imputed and estimated occupancy duration (in time-blocks). 
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Figure 2-14. Density of Mealy Parrot groups (mean number of groups± standard error) per 
km2 in each 5-min time-block by season eintact' and 'frag' landscape types, combined, 
and adjusted for 'On Plot' detection probability), based on estimated occupancy 
duration. 
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Figure 2-15. Survey data for Mealy Parrots in the breeding and non-breeding seasons, with 
data distributed in 5-min time-blocks for the survey period. Graphs display mean 
density of groups (top), total numbers of detections subdivided into behavior types 
(middle), and running average of total detections for two behavior types (bottom). 
Behavior types are FU/P: Fly Up/Perch, FO: Fly Out, and Fl: Fly In. 
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Figure 2-16. Relationship between sample size (i.e. number of canopy surveys) and the 
standard error (SE) as percent of the mean density, (A-E) calculated for subsets of 
surveys to illustrate a range of conditions relative to rarity of the species and its 
habitat specialization (F) relationship between percent of surveys with density > 0 and 
the number of surveys needed to reach SE of 20% (circles) and 30% (triangles) of 
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Figure 2-17. Mean estimates of density in 'user-hours' for groups and individuals, and occupancy duration (mean hours per group) by season 
(breeding= dark bars, nonbreeding = light bars) for each of six parrot species. Note: the ordinate was scaled to maximize presentation of 
values for each response and each species, and therefore scales vary among responses and species. 
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Figure 2-18. Density estimates (lndividual-Hours/km2
) summed for 4 landscape types 

(excluding 'southfrag') by parrot species and season. 
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Figure 2-19. Comparison of lndividual-Hours/km 2 by season (breeding= dark bars, non
breeding = light bars) and landscape type, including 'southfrag' sampling site located 
in southwestern Peten. The ordinate was scaled to maximize presentation of values 
for each species, and therefore scales vary among species. 
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CONCLUSIONS 

In each of four years of research using radio-telemetry, I documented Mealy Parrots' 

dependence on mature moist lowland forest and showed that a large portion of the adult 

population breeding in northeastern Guatemala engages in predictable regional migrations 

during the non-breeding season. The area covered in these migrations spans up to a few 

hundred kilometers within forested tropical lowlands (Chapter 1 ). Data from the population 

surveys conducted in the Tikal area (Chapter 2) substantiated the habitat specificity observed 

in the set of radio-collared parrots. Evidence of the migration demonstrated that the significant 

decline in density documented in the population surveys was indeed due to a migration of the 

population out of the region during the non-breeding season. 

Of greater significance than the large annual area covered by the Tikal-area Mealy 

Parrots, is the consistency of their movement patterns and the specific locations utilized. 

These patterns are not just post-breeding nomadic movements in a dispersed pattern around 

their breeding season home ranges. The birds exhibited a distinct diagonal northeast

southwest orientation in their movements in all four years. Additional telemetry research on 

birds iri the western Peten was conducted to obtain a measure of the extent to which the 

migration occurs across a larger segment of the population. These birds exhibited no 

indication of a distinct migration. These intra-regional differences in the responses with 

respect to spatial pattern are extremely useful for identifying factors influencing their 

differences. 

Studies of Mealy Parrot food (i.e. fruit) resources in the Tikal area show a marked 

decline in abundance during the period when the birds leave that area. Additional evidence 

shows that there are regional differences in fruit resource abundance, forest type, and rainfall 

patterns. In other words, even in forested lowland systems, over distances of a few hundred 

kilometers there is significant variation in fruiting phenology, forest composition, and rainfall. 

Moreover, it is likely that these variations play a dominant role in shaping the site-area 

requirements of Mealy Parrots. 

Some geographical areas stood out as particularly important during the non-breeding 

season: mature intact forests northeast of Tikal within the Maya Biosphere Reserve's 

community forest concessions and the biological corridor during the northeast segment of the 

migration, and mature forest fragments and intact forest in southwestern Peten and 

southeastern Mexico, respectively, during the southwestern leg of the migration. From the 

study results, I conclude that large protected areas, such as the 576 km2 Tikal National Park 
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and even the 21,000 km2 Maya Biosphere Reserve, do not adequately protect the annual 

habitat-area requirements of Mealy Parrots breeding there. The study results form a direct 

and critical contribution to conservation recommendations for the bi-national Maya Forest 

reserve system and Mealy Parrot population. The unique attributes of the southwestern Peten 

habitats for wildlife species of the Maya Biosphere Reserve, as revealed by the present study, 

need to be recognized by the greater public and by funding institutions as important pieces of 

a larger functioning system that require immediate attention given the threats from human 

activities. Results from this study provide a compelling scientific basis for such programs as 

the Mesoamerican Biological Corridor plan in Guatemala to include the southwestern Peten 

among its priority areas for conservation. 

Mealy Parrots proved to be a model focal or landscape species for identifying regional 

patterns and processes on a spatial scale not currently recognized through other regional 

conservation analyses. Intra-regional differences in the spatiotemporal habitat-use dynamics 

among sub-populations were used as a scaling guide to begin deciphering the ecological 

pattern (i.e. habitat heterogeneity) and process (e.g. habitat linkages or connectivity) 

influencing these dynamics. 

The scope of inference of the results allows extrapolation to other regions through 

predictive modeling to identify key areas in which conservation considerations similar to those 

determined by the migrating parrots in Guatemala might be appropriat~. To verify detailed 

inferences and refine understanding of the local underlying factors influencing the birds' 

spatial habitat-use patterns, I recommend that field studies be applied to validate results from 

modeling exercise. The use of derived environmental/landscape metrics to guide 

conservation planning at additional sites may then be justifiable without additional 

autecological field research. 

The results of this study of Mealy Parrots point to the need for expanding the scope of 

conservation strategies to effectively conserve Neotropical ecosystems. This is among the 

first studies to empirically demonstrate a regional scale of spatial habitat-use for an animal 

population in lowland tropical forest. Furthermore, it highlights the need to investigate other 

frugivorous species suspected to engage in regional movements and to consider them in the 

design and management of conservation landscapes in tropical lowland forests. 
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Appendix 1-A. Capture and handling methods for Mealy Parrots. 

Testing of radio transmitters: 
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Prior to 1994, to our knowledge there had been no successful radio telemetry with 

large parrots and macaws because their powerful bills destroy transmitters of traditional 

designs (Bjork and Powell 1995). In 1994, we designed three prototype transmitters in 

collaboration with manufacturer, Fred Anderka (Holohil Systems, Ltd, Canada), with the goal 

of producing a transmitter that could be used on Ara ambigua in Costa Rica. These were 

tested on captive Great Green Macaws in collaboration with Joanne Abramson (Raintree 

Macaws, California) with two objectives: 1) to insure the best fit and health of a bird carrying a 

transmitter relative to potential effects on birds' flight and feeding capabilities and 2) to 

determine which design withstood the manipulations of the birds. 

The transmitter design we selected is composed of a brass cylinder and a brass 

collar. The cylinder encases the transmitter and battery and the collar functions as the 

antenna. The collar is attached at one end of the cylinder, wraps around the back of the neck 

of the bird and fastens on the other end with a corrodible locking nut that completes the circuit. 

The cylinder rests on the bird's neck below its bill. To maximize signal range, collar/antenna 

length must be preset in a way that makes the collar adjustable over a range of only 1 cm. 

Because of variation in average body size of different populations within a species, neck 

measurements of captive birds known to represent the size of the target wild birds should be 

collected to determine the proper length of the collar. The collars are sized to allow the 

investigator's fore and index fingers to slide snugly between the collar and the bird's neck to 

insure that the crop and airways are not restricted and that the bird's lower mandible cannot 

become stuck under the collar. The unit should weigh.:: 3% average body mass of a bird. 

The next step after producing a prototype transmitter is to test it on captive birds in a 

situation that allows the birds to fly and feed relatively normally. Once a captive bird has been 

radio-collared, its behavior should be observed closely for several hours, including a period of 

feeding and movement in the cage, and less intensively for a several days to insure it is 

behaving normally. 

It is also highly recommended that only a small number of wild birds (3-4 birds) be 

radio-collared in the first year of research to insure normal behavior in the wild before larger 

numbers of birds are radio-collared. 



Capture and handling techniques: 

Tree-cavity nesting by parrots and macaws allows capture of both nestlings and 

adults at the nest site for radio collaring. We try to limit our activities, such as setting a 

climbing rope or nest trap, to times when the adults are naturally away from the nest. For 

example, we arrive at the site before dawn and observe the nest from a blind or hidden 

location until the adults have left for their morning feeding, at which time we carry out our 

preparatory trapping activities. 
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Single-rope climbing techniques (Munn & Loiselle 1995) are used to access the nest 

without damaging the nest tree (as might occur with the use of climbing spurs). This involves: 

1) shooting a lead weight attached to a monofilament fishing line over weight-bearing tree 

branches above the nest using a slingshot, 2) using the monofilament to pull up a heavier line, 

e.g. parachute cord, 3) using the parachute cord to pull up the climbing rope, and 4) securely 

tying one end of the climbing rope to a neighboring tree. Once the rope is in place, traditional 

climbing techniques using a seat harness, ascending jumars, and a "figure 8" descender are 

used to move to and from the nest. To facilitate more rapid nest access on future visits to the 

nest, the monofilament line can be left in place of the climbing rope when the investigator is 

not working at the nest. However, if the nest is in an area where there is poaching activity, it is 

0 best not to leave any sign that would cue a poacher into the site. 

To radio-collar nestlings, it is necessary to wait until just before they fledge because 

their necks have reached a size similar to an adult, allowing the transmitter to be fit to the bird 

properly. With nestlings, it is best to err on the side of the transmitter being slightly loose to 

allow for slight growth of the bird'.s neck. 

Nestlings 

To capture and radio-collar a nestling, one person climbs the tree to the nest cavity 

and manually removes the nestling from the nest. The difficulty of this depends on the depth 

and formation of the cavity. The nestling is then placed in a clean, soft cotton pillowcase that 

is tied at the open end and lowered to a team on the ground. The team quickly weighs the 

bird, attaches the transmitter, places the bird back in the pillowcase, and sends it back up the 

rope to the person in the tree who removes the nestling and places it back in the nest. Again, 

this should be done when the adults are absent from the nest so as to reduce their stress with 

the handling of their nestlings. This entire trapping and tagging process should take <30 

minutes. 
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The primary success we have had in capturing adult, large-bodied psittacids is with 

nest traps. Generally, the trap consists of a soft net mesh bag that is large enough to 

comfortably hold the bird and allow closing of the bag. The open end of the bag is attached to 

a ring of stiff wire that is molded to a shape and size that will cover the nest cavity opening. 

The net should be a color that is similar to tree bark, like a soft brown or beige. 

Two different methods using the net trap have been successful with Amazona 

farinosa. Both methods utilize monofilament lines (about 60 pound thickness) running from 

the trap to a person who controls them from the ground. These lines include: 1) lines attached 

to the stiff wire ring that are used to pull the trap across the cavity entrance, 2) a line attached 

to the end of the net bag that is used to pull the tail of the net out away from the trap, and 3) a 

line threaded around the net about 5" from the wire ring that is used to close the mouth of the 

net once the bird has entered the net. The traps differ in their form of attachment and closure. 

In one case, the net is attached to the side of the cavity with staples that act like 

hinges and the monofilament lines are used to close the trap like a door after the bird enters 

the nest. In the other case, the net hangs away from the cavity with lines running from the 

wire ring, through staples on either side of the nest, that are used to pu II the trap to the cavity 

after the bird enters the nest. 

After the trap has been prepared and tested, the investigators move to hidden 

locations on the ground with the monofilament lines ready to pull. One person hides in a 

location where it is possible to see when an adult has entered the cavity to feed its chicks. 

Once the bird has entered the cavity, the trap is pulled in front of the cavity entrance and the 

line attached to the tail is pulled so that the net bag extends out horizontally from the cavity. 

Once the bird has entered the net bag, the monofilament line that closes the mouth of the net 

is pulled shut and the bird is trapped in the bag. 

Someone rapidly climbs to the nest, puts the trap and bird in a pillowcase, removes 

the trap from its attachment to the tree, and lowers the bird to the ground. The same 

procedure used to handle the chicks is followed for adults. Once the adult has been radio

collared, it may be possible to release it from the ground or it may be necessary to place it 

back in the nest for recovery. 
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I have always tried to minimize the handling time of any bird we are radio-collaring 

and therefore, we do not do exhaustive morphometric measurements. However, an additional 

piece of data can be collected easily and quickly, which can yield valuable information. A few 

drops of blood can be collected from a bird by 1) clipping about 1 /8-1 /4" off the end of one 

toenail which will begin to bleed within a few seconds to a minute, 2) using a capillary tube, 

the blood can be collected directly from the end of the nail, 3) the capillary tube is placed in a 

test tube filled with 70% ethanol and shaken vigorously until the blood in the capillary tube has 

come out into solution. This can then be sent to a lab for gender determination. I used the 

company P.E. AgGen in the United States for gender analysis of Amazona farinosa. Export 

permits from the country of origin and U.S. import permits are required to transport the blood 

internationally. Additional permitting is required with CITES I listed species. 

Photo A: Adult Mealy Parrot in hand with a collar-type radio transmitter. Transmitter 
manufactured by Holohil Systems, Ltd., Ontario, Canada. 
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Appendix 1-B. List of Mealy Parrot nest trees observed in this study, including information on 
family and species of tree, tree size, and tree condition (CONDT), i.e. whether tree 
was alive or dead. See Table 1-2 for commercial status of trees. 

NEST ID FAMILY SPECIES DBH (cm) CONDT 

CDLM #1 Combretaceae Terminalia amazonia 45 dead 

CDLM#2 118 1ilive 

IAauas Nuevas 93 alive 

Lechuga! 112 alive 

Chicon 52 alive 

Santa Tomas 2 91 alive 

Rosario ND alive 

Los Positos 82 alive 

Templo I Moraceae Broslmum allcastrum 125 alive 

Mi Favorita 103 dead 

San Antonio ND alive 

Laauna del Tii:ire 89 alive 

La Canoa Sapotaceae Manilkara sapota 104 dead 

Grupo F 79 alive 

Santa Tomas I ND ND 

Tecolote Sapotaceae Masticodendron foetidissimum 101 alive 

Ceibal I 84 alive 

La Lucha ND alive 

Fondo Perearino Anacardlaceae Spondias mombin 66 alive 

Templo1 (2001) 80 alive 

Pascua Meliaceae Cedrela mexicana 141 alive 

Corchal 118 11live 

Nido de Ornatus Meliaceae Swietenia macrophylla 195 alive 

Arbo! Verde Caoba 161 alive 

Porvenir I Moraceae Ficus spp, (non-strangler) 150 alive 

Porvenir 2* 150 alive 

Zocotzal Apocvnaceae Aspidosperma SPP. 146 alive 

Corozo de David Arecaceae Orbignya cohune 36 dead 

La Quetzal Caesalplniaceae Swartzia cubensis 97 alive 

Tecolote II Clusiaceae Calophvllum brasiliense 48 dead 

Punta La Pista Fabaceae !Acacia spp, 60 alive 

Achotal Enterolobium cvclocarpum 77 alive 

Hector/CC Lonchocarpus castilloi 91 alive 

Paraiso Pithecellobium spp, 175 alive 

Danto Vatairea lundellii ND alive 

La Placa Sapotaceae Pouteria amygdalina 65 dead 

7 Templos Pouteria campechiana 68 alive 

Naranio Pouteria sapota 89 alive 

DosAguadas Verbanceae Rehdera pinninerva ND alive 

Retalteco UNK UNK (common name. Tamarindol ND ND 
*same tree, but different pair of Mealy Parrots; therefore, it is considered as a separate observation. 



Appendix 1-C. Description of methods for determining seasonal fruit abundance and 
preliminary results and conclusions. 

METHODS 
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To derive seasonal abundance estimates of fruit food resources for Mealy Parrots in 

the Tikal area, data from two primary sampling procedures were used: 1) quantity and 

seasonality of fruit production estimated by fruit crop surveys conducted throughout the year 

and 2) species densities in the tree community determined by plot inventory methods. 

Sampling for both datasets was conducted in the same 12 Tikal-area sites used for the parrot 

canopy surveys (Table 2-1; Figure 2-1 ). I developed an Index of Abundance to reflect the 

relative abundance of fruit for Mealy Parrots; the data were used to examine the correlation of 

seasonal fruit abundance with regional movements of parrots (Chapter 1) and seasonal parrot 

densities (Chapter 2). Size of the sampled tree, its fruit production relative to a maximum 

possible production, and the density (mean basal area (cm2) / 0.1 ha) of the species in the 

forest were accounted for in this index, as diagrammed below. 

~lhly sampf11g for: 

► Fruit pr~uction {O, 1,2.3) 

► Proportions of frtiit a 
(G, P, M) 

Proportion of Fruit Crop Productlon by 
Maturity ry by species (BA. Fruit _ 
A"oductio n by rraturlty category) 

lnve 

► Speces,~n. 

ltfel t1~r of 11ldMduals / 
/0.1 ha) 

Mean BA / 0.1 ha by species 
(sum of Sb.. fer all !n<fNid1:1als) 

Index of FJ'µlt Abundance 

1 Nurrber of individuals / 0.1 ha is used in a separate, comparative 
analysiswith data from Schulze and Whitacre (1999) 

The primary stages of and data used in calculating the Index of Abundance. 

Fruit productionlphenology suNeys 

When the study began there was little information on the diet of Mealy Parrots. 

Therefore, a broad-brushed approach to sampling of potential and known parrot food was 

taken so as to sample a large number of tree species concurrent with obtaining information on 

parrot diet (as recommended by Hemingway and Overdorff 1999). Fruit crop was estimated 

on individually marked trees-the preferred method of sampling in studies that focus on the 
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influence of fruit abundance on bird populations (Blake et al. 1990). To guide selection of the 

trees used for sampling, I compiled a list of potential parrot fruit food resources using a list of 

tree species occurring in the Tikal area (Schulze and Whitacre 1999), and local and expert 

knowledge. Within an approximately 20m-wide band along 1-2 km of small trails within each 

sampling site, trees were selected if they were on the list or if they were common at the site. 

The aim was to mark at least 5 individuals of each tree species (minimum recommended by 

Frankie et al. 197 4 for tropical phenological studies) over a range of tree sizes (measured as 

diameter at breast height, DBH) at each sampling site; trees were numbered with red spray 

paint, identified, and measured (DBH, cm). Fruit surveys were conducted approximately 

monthly at the same site and on the same day as parrot canopy surveys. Percent fruit 

production was estimated for each individual; production classes were 0, 1-33, 34-66, 67-

100% fruit crop present based on maximum expected fruit crop for a given species. If fruit 

was present, the proportion of the fruit crop (to the nearest 0.25) was recorded for 3 maturity 

categories-green, premature, mature. The vegetative condition of the tree, presence of 

flowers, and ,occurrence of fruit on the ground below the tree was also recorded, but will not be 

reported here. 

Tree species composition and density 

Tree community composition and species' densities were determined using a strip 

transect sampling method, which is considered appropriate for rapid inventory at multiple 

locations with the goal of understanding broad patterns of forest diversity, and tree densities 

can be readily calculated (Stern 1998). At each site, 10 m x 100 m strip transects, (hereafter, 

0.1 ha plots) were systematically situated so as to maintain consistent distance among plots 

and, in the case of upland forest fragments, to sample interior and edge forest. Based on the 

Mealy Parrot's strong association with upland intact forest and upland forest fragments, only 

data from sampling sites in those two landscape types were used in this analysis. In the 

- Strip transect plots 

Illustration of upland forest 
fragment with arrangement 
of strip transect plots. Star 
indicates canopy survey tree. 

intact forest sites (n=3), 4 plots were situated 50 m from a 

central point (i.e. canopy parrot survey tree), with the 100 

m length running north, south, east, and west. In upland 

forest fragment sites (n=5), 4 plots were situated in the 

interior as described for intact sites, and 4 additional plots 

were situated at the edges of the fragment with the 100 m 

length running diagonally from approximately NE-SW and 

NW-SE corners of the fragment, illustrated in diagram at 

left. Within each plot, all trees >7.5 cm DBH were 

identified and measured (DBH, cm). 



194 

Analysis 

An index of fruit abundance was calculated for each tree species per sampling period. 

DBH was found to be the most consistently accurate method for estimating fruit abundance in 

tropical trees in a study comparing a variety of methods (Chapman et al. 1992), an analysis 

which led to my use of an individual's basal area, adjusted by its Fruit Production category, to 

estimate Fruit Crop Production. The density of a species in the forest (mean basal area (cm2
) 

/ 0.1 ha) was divided into maturity categories by the proportions calculated from the monthly 

fruit surveys data. Individuals that were not observed to have fruit in a given sampling period 

are accounted for in the calculations because the final proportions of fruit crop production in 

maturity categories were determined from observed fruit production relative to maximum 

potential fruit production. The Index of Abundance values can be examined for each species 

individually or summed to provide an estimate of total fruit abundance. Calculations for 

maturity proportions and density data are outlined below with examples. 

Step 1: Fruit Production by Maturity Category 

Example: (A) Survey data for 5 individuals of one species in one month and (B) resulting 
calculated fruit crop proportions (by maturity category) of maximum potential fruit crop 
production. 

A. Survey Data 

Tree ID1 DBH2 PROD3 Pro-Green 4 Pro-Premat 4 Pro-Mature 4 

1 39.9 1 1.00 0.00 0.00 

2 67.6 0 0.00 0.00 0.00 

3 60 2 0.00 0.50 0.50 

4 73.5 1 0.25 0.50 0.25 

5 45.9 0 0.00 0.00 0.00 

B. Calculations for Final Proportions by Maturity Category of Fruit Crop Production 

Tree ID1 BA5 

1 1249.73 

2 3587.26 

3 2826.00 

4 4240.77 

5 1653.85 

ACTUAL6 POTENTIAL7 

1249.73 

0.00 

5652.00 

4240.77 

0.00 

SUMS 

FINAL 

PROPORTION" 

3749.18 

10761.78 

8478.00 

12722.30 

4961.54 

40672.80 

FCP-Green8 FCP-Premat 8 FCP-Mature 8 

1249.73 0.00 0.00 

0.00 0.00 0.00 

0.00 2826.00 2826.00 

1060.19 2120.38 1060.19 

0.00 0.00 0.00 

2309.92 4946.38 3886.19 

FP-Green9 FP-Premat 9 FP-Mature 9 

0.0568 0.1216 0.0955 



Descriptions of terms used in the above example; refer to tables A and B: 

1Tree ID= Uniqu,e identification number for sample trees 

2DBH = Diameter at Breast Height 
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3PROD = Fruit Production categories (0 = 0, 1=1-33, 34-66, 67-100% fruit crop based 
on maximum expected fruit crop for the given species and size of individual) 

4Pro-Green, Pro-Prema,, Pro-Mature = maturity categories among which the 
proportions of the fruit crop are divided. 

5BA = Basal Area (cm2
) of the sample tree 

6ACTUAL =[BA]* [PROD] 

7POTENTIAL = [BA] * [3] 

8FCP-Green, FCP-Premat, FCP-Mature = Fruit Crop Production in each maturity 
category based on the product of [ACTUAL] and each proportion (i.e. [Pro
Green], [Pro-Premat], [Pro-Mature]). 

9FP-Green, FP-Premat, FP-Mature = Final Proportion in each maturity category 
based on the proportion of the sum for each Fruit Crop Production (i.e. [FCP
Green], [FCP-Premat], [FCP-Mature]) to the sum of [POTENTIAL]. 

Procedure: 

1) For each individual per species per sampling period: 

a) Calculate basal area [BA] from [DBH] as: (3.14 * (0.5 * [DBH])2
) 

b) Calculate [ACTUAL] fruit production as the product of the individual's [BA] and its Fruit 
Production category [PROD] from the survey data. 

c) Calculate [POTENTIAL] fruit production as the product of the individual's [BA] and the 
value 3, its maximum potential fruit production category. 

d) Calculate Fruit Crop Production [FCP] for each of the maturity categories as the 
product of [ACTUAL] and each of the respective proportions-[Pro-Green], [Pro
Premat], and [Pro-Mature]-from the survey data. 

2) Sum [POTENTIAL] of all individuals per species per sampling period. 

3) Sum FCP of all individuals for each maturity category-[FCP-Green], [FCP-Premat], and 
[FCP-Mature]-per species per sampling period. 

4) Calculate the Final Proportion in each maturity category-[FP-Green], [FP-Premat], and 
[FP-Mature]-as the proportion of the sum of each category to the sum of 
[POTENTIAL]. 



Step 2: Tree species Density (Mean Basal Area (cm2
) I 0. 1 ha). 

Example: 

Density (Mean BA / 0.1 ha) = 83030.4 / 32 = 2594.7 cm2 
/ 0.1 ha 
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1) Sum BA for all individuals per species sampled in 32 plots (4 per sampling site by 8 sites). 
Note that although 8 plots (4 interior & 4 edge) were inventoried in each upland forest 
fragment site, only data from the 4 interior plots per site were used in this analysis. 

2) Calculate Mean BA (cm2) as Total BA (cm2) / 32 plots. 

Step 3: Combining Fruit Production by Maturity Category and Tree Species Density 

The density of the species in the forest based on total basal area/ 0.1 ha (calculated in Step 
2) is apportioned into the Final Proportions in each maturity category (calculated in Step 1) to 
produce the Index of Abundance for the given tree species and sampling period. 

Example: 

FINAL FP-Green FP-Premat FP-Mature Density (mean BA/ 0.1 ha) = 2594.7 
PROPORTIONS 0.0568 

Index of Abundance 
Green IPremat !Mature 

147.3601 I 315.55191 247.9175 

Index of Abundance= 
([Mean BA]* [FP-Green]) + [Mean BA]* ([FP-Premat]) + ([Mean BA]* [FP-Mature]) 

RESULTS 

Validating density data 

To determine if the estimates for densities derived in this study represented accurate 

densities (thereby providing validation to their use in calculations of fruit abundance), I 

statistically compared density data from this study with data from another study that was 

specifically focused on the structure of the tree community in the Tikal area (Schulze and 

Whitacre 1999). Although I initially planned to take advantage of the published data (Schulze 

and Whitacre 1999) for calculation of fruit abundance rather than conducting inventory 
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sampling in this project, density data were only available as number of individuals, not DBH or 

basal area. Both studies used inventory plot sampling methods; however, plot sizes and 

sample sizes were quite different between the two, with a 0.041 ha plot size and 294 sample 

plots in the Schulze and Whitacre (1999) study and 0.1 ha plot size and 32 plots in this study; I 

sub-set both data sets to include only plots from upland intact (mesic) forest, resulting in 88 

plots and 12 plots, respectively. I removed data for all tree species in which both studies did 

not record any individuals (density= 0). Density data from this study were adjusted to the 

number of individuals per 0.041 ha and compared using Spearman's Rank Correlation 

(Insightful Corporation 2002) with the null hypothesis that there was no difference between the 

two datasets. The figure below illustrates the close correlation between the two datasets for 

78 different species in upland intact forest. Results of Spearman Rank Correlation indicated a 

high level of statistical correlation (Correlation Coefficient = 0. 73, P< 0.00001, 2-sided). This 

strong correlation suggested that density as number of individuals / ha derived in this study 

adequately represented densities in the Tikal area forest community, and by extension, so did 

density as basal area / ha. 
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Comparison of data on densities of 78 tree species occurring in intact 
upland forest in the Tikal area from this study (blue) and another study 
(Schulze and Whitacre 1999). There is a close correlation between the 
two datasets. 
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Sampling Fruit Abundance 

A total of 855 trees in 13 sites (5 landscape types) were sampled approximately 

monthly for seasonal fruit abundance. Based on 224 Mealy Parrot foraging observations, 

fruits from 33 tree species in 19 families shown in the table below were eaten by Mealy 

Parrots in upland intact forest and forest fragments. Therefore, for this fruit abundance 

analysis, data from 495 trees in the 8 upland intact and forest fragment sites representing 

those 33 species were subset from the total dataset. The density data (mean basal area 
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( cm2) / 0.1 ha) show the large variation in species' occurrences in the forest, emphasizing the 

importance of including density in calculations of fruit abundance. 

Family SpeciesName Density 
Annonaceae Cvmbooetalum penduliferum 66.04 
Apocynaceae Asoidosoerma megalocaroon 163.79 

Stemmadenia donnell-smithi 75.51 
Arailiaceae Dendropanax arboreus 222.26 
Bombacaceae Bernoullia flammea 54.21 
Burseraceae Bursera simarouba 282.05 

Protium copal 656.60 
Clusiaceae Calophyllum brasiliense 369.43 

Clusia spp. 1.65 
Combretaceae Terminalia amazonia 12.98 
Euphorbiaceae Sebastiana lonaicusois 1099.79 
Fabaceae Acacia cookii 186.18 

Acacia dolichostachya 471.82 
Vatairea lundellii 272.99 

Flacourtiaceae Casearia soo. #12 73.11 
Casearia soo. #51 68.23 
Laetia thamnia 64.77 
Zuelania guidonia 58.67 

Lauraceae Lauraceae spp, 67.78 
Meliaceae Cedrela mexicana 347.95 

Trichillia moschata 2.65 
Moraceae Brosimum alicastrum 2594.70 

Ficus spp. amate 706.74 
Ficus soo. matooalo 125.06 

Mvrtaceae Pimenta dioica 127.97 
Rubiaceae Psvchotria soo. 1414.67 
Sapotaceae Manilkara sapota 1930.43 

Masticodendron foetidissimum 196.78 
Pouteria amygdalina 1284.48 
Pouteria campechiana 680.60 

Simaroubaceae Simarouba glauca 110.05 
Sapindaceae Blomia prisca 658.29 
Verbenaceae Vitex aaumeri 1983.34 
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Fruit Abundance 

A preliminary analysis of fruit abundance for Mealy Parrot food resources is displayed 

in the figure below. These data reflect fruiting patterns in the same sites in which canopy 

parrot counts were conducted and where Mealy Parrots were radio-collared. Fruit abundance 

was highest during the late dry-early wet seasons concurrent with the late breeding season 

and early post-fledging period for the parrots. Fruit abundance was lowest during the 

nonbreeding season, the period when a large portion of the radio-collared birds were gone 

from the Tikal area {Chapter 1) and the population density was significantly lower than in the 

breeding season {Chapter 2). 

Dry Season 

Non breeding Breeding 

45001 

10001 

1$00 

---•~ Jul-98 l\us-98 Scp-98 Oct-9& Nov--98 Oec·98 J.n-99 Fob--99 Mu-99 AfW"-99 ....,...,, 1..,_99 

.,uoo 

3000 
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Jul--00 Aus--00 Scp-00 O:t--00 Nw--00 Dsc-0:> Ju-01 Feb-01 Mar-01 Ap'-01 May-01 JUD-01 

Rainfall (top graph) and seasonal fruit abundance from July 1998 through 
April 2001. The colors represent different fruit maturity categories: green = 
"Green" (immature), orange= "Premat" (almost mature), and red= "Mature". 
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CONCLUDING REMARKS 

To quantify seasonal fruit resource abundance for Mealy Parrots for examining its 

correlation with the parrots' seasonal patterns of habitat space-use, an index of fruit 

abundance was developed in this study based on measures of several relative indicators. The 

data clearly show that fruit abundance was considerably lower in the Tikal area during the time 

when the birds tended to leave the area. It is hoped that further analyses of these data will 

contribute to understanding tropical fruiting patterns in lowland humid forests, particularly with 

respect to variation among species relative to phenology and fruiting strategy, and possibly to 

elucidating species that play a keystone role for wildlife in this ecosystem. 

Given the focus and goals of this research and limited budget and personnel, it was 

not possible to sample fruit abundance using a method that produces estimates of biomass

a more valuable measurement than an index because data can be used for comparisons 

among studies and geographic locations. Biomass estimates of fruit can also more c3ccurately 

reflect resource abundance for a given frugivorous species compared to estimates based on 

an index or on counts of fruits alone; the contribution of different species of fruit types to the 

frugivore's food requirements is not simply the number of fruits in the forest. For example, the 

tree species Brosimum alicastrum (Moraceae) produces large numbers of small fruits; Mealy 

Parrots eat primarily the small seeds of immature fruits, but only the pulp of mature fruits 

(Bjork, unpubl. data). Another species, Aspidosperma megalocarpon (Apocynaceae), 

produces few, relatively large fruits; Mealy Parrots eat primarily the small fleshy portion of the 

winged seed of immature fruits and do not appear to eat mature fruits (Bjork, unpubl. data). In 

addition to number of fruits, measures such as the proportion of each fruit type in the diet of 

the frugivore, the specific fruiUseed parts eaten during different stages of fruit maturation, and 

the average mass of those fruit parts-measures that can be accounted for in biomass 

estimates-can augment interpretation of fruit-frugivore relationships beyond the simpler 

measures. 

If collection of data for biomass determination cannot be undertaken, one additional 

variable to add to our sampling approach is the number of fruits per individual classified within 

numerical range categories on an exponential scale. Trees can be visually scanned, just as 

they are when determining the Fruit Production category; little additional sampling time is 

required and comparability of the results to other studies is increased. If more detailed data 

become available, such as fruit mass or mass of selected fruit parts, estimates of biomass can 

be calculated. The utility of this variable was described to me during the third year of the 

project (M. Kinnard, pers. comm.), and hence, its addition to our observation protocol began, 
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while also recording the Fruit Production category. The method was used to estimate fruit 

crops in Borneo in which "each order of magnitude was divided into three equal-sized classes; 

accordingly, classes were of 1-3, 4-7, 8-10, 11-39, 40-69, 70-99, 100-399, 400-699, 700-999, 

1000-3999, ... fruits, up to the largest crop of a few hundred thousand." (Leighton 1993). The 

range classes used in this study were: 1-10, 11-25, 26-50, 50-100, 101-500, 501-1000, 1001-

10000, and >10,000 fruits. Regression of data from these classes, by production category (0-

3) and tree species, over a range of DBH classes will allow interpolation of fruit abundance 

based on production categories recorded in previous years. 
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Appendix 2-A. Approach and equations to estimate occupancy time for each parrot group. 

IMPUTA 'UQN OF OCCUPANCY IENGm 

Suppose that the number of' groups that visit the plot during the survey period is N. Indexing 
them by i, let s1 denote the size of group i, and let m1 denote the number of time periods (out ofM 
= 40 total) that group i occupies the plot. We consider m1 to be an unknown (random variable) 
with expectation E[m1]. The average number of parrots present in a given time period is 

N 

µ = (1/M) L s1 E[mi] 
1=1 

where N and the E[ mi] are not known and must be estimated. 

ASSUMPTION 1: Group sizes {s1} are known exactly for detected groups. 

For detected groups, let T denote the type of detection made; T = (A), ... , (F), as explained 
below. Then consider the conditional expectations, E[m1 j T]. 

ASSUMPTION 2: Conditional expectations do not depend on the group or group size. 

So the subscript i is dropped for the moment. 

Situation (A). Pntry and exit period are known. 

fly in; fly out; 
detected imputed detected 

..,......---------.., 
□CJLLlJWLJCIIO[l□□o□□fl□□□DO[J(]J□□O□IIJflITJITTil"J□ 
1 P Q M 

Exactly, m = Q- P +l, so 

E[m I (A)] - Q - P +I (P6Q) 

Situation (B): the entry period is unknown, but exit time is known. Let k denote the number of 

:fly out; 
imputed detected 

□□DO□□□rrnr:J□[Tl9□n[ll :i 1 10a::JJ[IJOCTTI[1ITJCTTI~□ 
1 ti k •p M 

fly in; 
undetected 

periods prior to P when group entry occurs (k = 0, 1, 2, ... ). Then m = k + 1, if k = 0, 1, ... , P-1 



andm=Pifk>P-1. 

ASSUMPTION 3: Assume that k has a geometric distribution with parameter A. That is, 
Pr{k} = (1-l).t, fork= 0, I, 2, .... 

203 

(Such a strong assumption seetllll excessive, but some distributional assmnption is necessary .. ) 
The parameter A. is the probability that the group arrived in some p()riod before P, the period in 
which it was detected: l= I - Pr{k=O}. The mean of the geometric distribution is .V(l-l), or the 
odds that the group arrived before P. 

Let D denote detection of an entry and D denote failure to detect it. Let n-= Pr{D}. We have, 
then, the following. 

Pr{ m= I}= Pr{k=O,Q} =(I - n-)(1 -A) 
Pr{ m = 2} = Pr{k = I, D} = (I - n-)(1 - A.)A. 
Pr{ m - 3} = Pr{k= 2, D} =(I. n-)(1 - A.)A.2 

Pr{ m = P-I } = Pr{k= P-2, D} = (I - n-) (I - A.)A.P-2 

and 
Pr{m = P} = I - Pr{ m = I, 2, ... , P-1} = I - (l-n-)(1-A.P-I) 

From these, it follows that 

E[m I (B); P]- n-P + (1-n-) (l-A.P)/(1-l). 

Situation (C): Entry detected; no exit detected. The number of periods after entry that an unde

fly in; 
detected imputed 

□CJm..JWOI 1 1 nJ~a:noooooonrnn:n□c.mo□□O[JJ□ 
P k t M 

fly out; 
undetected 

tected exit occurs, k, has the same geometric distribution as in (B). The probability ( to) of detect
ing an exit, however, will be different from the probability of detecting an entry. By reflection, 

E[m I (C); P] = to(M-P+ 1)+(1-to) (1-Af<-P+I)/(I~l). 
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Situation (D): Group detected on plot and exits later. This is similar to ( C) except that it is 

fly in; audio/visual; 
detected imputed detected imputed ., ,. 

□□[ll][l]OCIID□□□□DDDDDDDODCIJOD□OIIO□DO[][]J□□ 
l P ~ k ►t. M 

known that occupancy covered at least (Q- P +I) periods. 

fly out; 
undetected 

E[m I (D); P, Q] =(Q- P+I)+ m(M-Q+ I)+ (l-a> )(-I-Afl-Q+1)/(l-A)-l. 

Situation (a): A group is detected on the plot and later exits the plot. This is similar to (B), 

audio/visual; fly out; 
imputed detected imputed de~ted 

I lir l♦ 
□□tDDB□□□IIOLllULll.JLJ□□□□D□rnm□□llll:l□CIJCDJ□D 
I t k •p Q M 

fly in; 
undetected 

again with the exception that the group is certain to have occupied the plot at least (Q-P+ I) peri
ods. So, 

E[m j (E); P, QJ-(Q- P+I) + t.P+ (I-t.) (I-AP)/(l-l)-1. 

Situation (F): A group is detected on the plot, but no entry or exit period is detected. Let k1 

audio/visual; 
imputed detected imputed 

b□rno oodl.-□-□oo□--rn-□-ri=~l..,J. -□~L.J-~-□--rn.__□□--□-o□o--□-m-DCIJ--□_,□ 
I t.k1.,; "2 t M 

fly in; fly out; 
undetected undetected 

and k2 be, respectively, the nwnber of periods prior to the detection period when entry occurs and 
the nwnber of periods after detection that exit occurs. Then m = k1 + k2 +I. 

ASSUMPTION 4: The nwnbers k1 and k2 are independent, each being geometric (A). Fur-



tlter, tlteir detections ( or lack tltereof) occur independently. 
This assumption is in keeping witlt tlte geometric distribution assumption. 

It follows tltat 
E[m I (F); P] = E[k1 I (F); P] + E[k2 I (F); P] + I. 

and it should be tlte case tltat 
E[k1 I (F); P] = E[m1 I (B); P] -1 

and tltat 
E[kz I (F); P] = E[m2 I (C); P] -1 

so, 

PARAMETER ESTIMATION 
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(1) &timation of m. Use "Plot F.xit" detections, i.e. detections of bird groups detected leaving 
tlte plot. These come from detections of type (A), (B), and (E) above. The distances used are tlte 
radial distances to locations witltin tlte plot from which exits are made. 

(2) Estimation of n. Use "Plot Fntry" detections, i.e. detections of bird groups entering and 
landing in tlte plot These come from detections of type (A), (C), and (D) above. The distances 
used are tlte radial distances to locations witltin tlte plot where tlte landing is made. 

In botlt ( 1) and (2), we do a full detectability analysis of detection area witlt parrot species, 
observer teams, and landscape types as covariates. 

(3) &timation of A. Use detection types (A), (C), and (D) of groups flying into and landing in 
tlte plot. 

ASSUMPTION 5: A group tltat flies out oftlte plot in tlte same period it enters and lands in 
the plot will have its exit detected witlt probability one, at least at near distances. 

For each observation of type (A), (C), and (D), score it a "l" if tlte group was observed to 
leave tlte plot during tlte same period it entered and landed in tlte plot. Score it a "0" otlterwise. 
Construct a logistic regression analysis of tltese scores witlt detection area as tlte principal factor 
and witlt parrot species, observer teams, and landscape types as covariates. 
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Appendix 2-B-1. Estimated detection probabilities for parameter 1t, 'Plot Entry'-the 
probability of detecting a group's entry and subsequent landing in the plot for a given parrot 
species and landscape type. 

frag 2ndG balo intact southfrag 

Mealy Parrot 0.9710 1.0000 0.9194 1.0000 0.7200 

Red-lored Parrot 0.9011 1.0000 0.8532 1.0000 0.6681 

White-crowned Parrot 0.5166 0.8915 0.4892 0.6020 0.3831 

White-fronted Parrot 0.8438 1.0000 0.7989 0.9832 0.6256 

Brown-hooded Parrot 0.4864 0.8392 0.4605 0.5667 0.3606 

~ec Parakeet 0.5044 0.8703 0.4776 0.5877 0.3740 
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Appendix 2-8-2. Estimated detection probabilities for parameter co, 'Plot Exit'-the probability 
of detecting a group's exit out of the plot for a given parrot species, landscape type, 
observer team, and parrot by team interaction. 

Team 12 Team 14 Team 20 Team 23 Team 24 Team 30 Team34 Team40 
Mealy Parrot 

frag 1.0000 1.0000 1.0000 1.0000 1.0000 0.3523 0.3386 0.7329 
2ndG 1.0000 1.0000 1.0000 1.0000 1.0000 0.3508 0.3372 0.7299 
bajo 1.0000 1.0000 1.0000 1.0000 1.0000 0.3279 0.3152 0.6822 

intact 1.0000 1.0000 1.0000 1.0000 1.0000 0.4485 0.4311 0.9332 
southfrag 0.9830 1.0000 0.8670 0.8359 0.9357 0.2660 0.2556 0.5534 

Red-lored Parrot 
frag 0.8624 1.0000 1.0000 1.0000 0.6147 1.0000 0.4573 1.0000 

2ndG 0.8589 1.0000 1.0000 1.0000 0.6122 1.0000 0.4554 1.0000 
bajo 0.8028 0.9832 • 1.0000 1.0000 0.5722 1.0000 0.4256 1.0000 

intact 1.0000 1.0000 1.0000 1.0000 0.7827 1.0000 0.5822 1.0000 
southfrag 0.6512 0.7976 0.9812 1.0000 0.4641 0.8592 0.3452 1.0000 

White-crowned Parrot 
frag 0.3671 0.6342 0.5036 1.0000 0.5782 0.2822 0.6374 0.4529 

2ndG 0.3656 0.6316 0.5016 1.0000 0.5758 0.2810 0.6348 0.4511 
bajo 0.3417 0.5903 0.4688 1.0000 0.5382 0.2626 0.5933 0.4216 

intact 0.4674 0.8075 0.6413 1.0000 0.7362 0.3593 0.8116 0.5767 
southfrag 0.2772 0.4788 0.3803 0.9116 0.4365 0.2130 0.4813 0.3420 

White-fronted Parrot 
frag 0.7822 0.5289 1.0000 0.6733 0.5259 0.3186 1.0000 0.7578 

2ndG 0.7790 0.5267 1.0000 0.6705 0.5237 0.3173 1.0000 0.7547 
bajo 0.7280 0.4923 1.0000 0.6267 0.4895 0.2966 1.0000 0.7054 

intact 0.9959 0.6734 1.0000 0.8573 0.6696 0.4057 1.0000 0.9649 
southfrag 0.5906 0.3993 0.8354 0.5083 0.3970 0.2406 0.8606 0.5722 

Brown-hooded Parrot 
frag 0.4714 0.3759 0.7637 0.3854 0.3745 0.8614 0.4433 1.0000 

2ndG 0.4694 0.3744 0.7606 0.3838 0.3730 0.8579 0.4414 1.0000 
bajo 0.4388 0.3499 0.7108 0.3587 0.3486 0.8018 0.4126 1.0000 

intact 0.6002 0.4786 0.9724 0.4907 0.4769 1.0000 0.5644 1.0000 
southfrag 0.3559 0.2838 0.5766 0.2910 0.2828 0.6504 0.3347 0.8187 

Aztec Parakeet 
frag 0.4030 0.2278 0.6910 0.7835 0.6514 0.5669 0.7286 0.4899 

2ndG 0.4013 0.2268 0.6882 0.7803 0.6488 0.5646 0.7256 0.4879 
bajo 0.3751 0.2120 0.6432 0.7293 0.6064 0.5277 0.6781 0.4560 

intact 0.5131 0.2900 0.8799 0.9976 0.8294 0.7218 0.9277 0.623& 
southfrag 0.3043 0.1720 0.5217 0.5916 0.4918 0.4280 0.5501 0.3699 



208 

Appendix 2-8-3. Estimated detection probabilities for parameter A, probability that the group 
arrived or departed undetected in some period before or after its known detection 
(depending on the Situation). 

Parrot S ecies A, 

Mealy Parrot 0.9867 

Red-lored Parrot 0.9515 

hite-crowned Parrot 0.9308 

hite-fronted Parrot 0.9773 

0.9474 

tee Parakeet 0.9531 



Appendix 2-C. Results of fitting nine models to each of four density response variables-Groups, Individuals, Group-Hours, and Individual
Hours-for each of the six species. The relationship among the models is shown in Figure 4. Legend for models is: X=no model, 
S=Season, L=Landscape, and M=Mirador (survey site). Three selection criteria (SIC, AIC, and F-test) are given f~r each set of models, 
with the smallest values for each criterion highlighted in gray. Extra-Sum-of-Squares 'F-test' is the calculated F-statistic comparing the 
"Model" with the "HA" (alternate model). The first page displays a simplified summary of the results, while the remaining 3 pages provide 
the specific values for each test and the "Critical" value (from the F-distribution table) at p=0.05. 
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Mealy Parrot 
Individual-Hours Hours Per Grou 

Model BIC AIC F-test BIC AIC F-test BIC AIC F-test BIC ·AIC Critical 

X -16.30 -53.58 10.89 200.10 196.71 15.98 388.28 384.89 24.56 21.17 3.88 

s -21.08 -61.75 19.67 190.94 184.16 32.22 381.39 374,61 21.92 15.15 2.41 

L -96.71 14.02 126.81 109.87 20.66 297.33 280.38 -10.60 -27.54 3.89 

M -103.31 15.44 105.42 22.81 278.79 26.38 -17.68 3.89 

L+S 4.03 92.62 3.98 265.76 ~. 4.15 ~.09 1.98 

M+S 132.83 85.38 4.35 309.45 262.01 21.71 -25.74 2.42 

L+S+[L*S] -44.55 -105.55 122.88 88.99 4.22 297.19 263.30 5.71 -28.18 1.98 

M+S+[L*S] -26.80 -114.92 140.50 9.50 318.76 2 5 42.12 -18.88 1.99 

M+S+ ·s 15.91 -99.32 184.10 95.99 362.62 274.50 82.82 -5.30 

Red-lored Parrot 
Density-Groups Individual-Hours 

Model BIC AIC F-test AIC F-test BIC AIC F-test AIC F-test HA Crltlcal 

X -87.49 -124.77 34. 73.08 39.04 289.62 286.23 s 3.88 

s .93 -155.60 3.3 39.85 3.32 264.70 257.92 2.41 

L -77.08 -124.53 35.90 91.02 74.07 40.84 304.36 287.42 3.89 

M -45.24 -119.80 37.36 114.99 70.93 44.41 327.09 283.03 37.49 72.17 3.89 

L+S -106.12 -156.9 2.68 59.02 38.69 4.03 278.02 257.68 4,13 8.40 -11.93 1.98 

M+S -76.95 -154.90 78.5o11111J 1.43 296.76- 1.74 46.54 -0.90 1.61 M+S+L*S 2.42 

L+S+[L*S] -91.36 -152.36 79.27 45.38 4.04 297.06 263.17 27.67 -6.22 1.63 M+S+L*S 1.98 

M+S+[L*S] -62.35 -150.46 98.24 37.23 0 315.19 254.19 65.52 4.52 0.54 M+S+M*S 1.99 

M+S+ ·s 1763 -132.86 145.18 57.06 360.17 272.06 112.69 24.58 
N ...,. 
0 



White-crowned Parrot 
Density-Groups Individual-Hours 

1 
Hours Per Group 

Model BIC AIC F-test AIC F-test AIC F-test BIC AIC F-test HA Critical 

X 81.92 44.64 218.24 488.40 485.01 15.24 -55.45 -58.84 16.76 s 3.88 

s 70.00 29,33 196.12 479.93 473.16 8.55 -65.35 -72.13 9.53 L+S 2.41 

L 75.31 27.86 193.96 482.83 465,88 -63.18 -80.12 19.31 L+S 3.89 

M 30.83 200.86 476.36 -76.59 21.35 M+S 3.89 

L+S 9.98 168.09 452.63 -96.11 2.90 M+S 1.98 

M+S 87.77 9.82 -95.22 3.68 M+S+L*S 2.42 

L+S+[L•S] 61.40 481.52 1.98 

M+S+[l•S] 86.88 223.80 162.79 1.88 517,05 -37,38 1.99 

M+S+[M*S] 126.80 -11.57 259.39 171.27 554.44 466.32 9.58 

White;.fronted Parrot 
Density-Groups Individual-Hou rs Hours Per Group 

Model BIC AIC F-test AIC F-test BIC AIC F-test BIC AIC F-lesl Critical 
X 70.73 33.45 25.08 229.61 226.22 21.92 513,63 510.24 7.59 35.40 32.01 3.88 

s 52.12 11.46 20.78 214.92 208.15 15.83 512.50 505.72 12.98 19.86 13.08 2.41 

L 38.57 -8.88 32.03 205.30 188.36 29.22 493,85 476.91 29.72 12.77 3.89 

M 83.31 31.47 248.51 204.45 28.75 540,81 3.89 

L+S 1.98 

M+S 57.20 226.22 178.78 2.42 

L+S+[L*S] 23.52 -37.4 201.86 167.97 477.65 0.54 32,97 -0.92 1.98 

M+S+[l*S] 67.35 -20.77 244.33 183.33 1.71 558.51 497.51 1.52 69.25 8.25 1.96 M+S+M*S 1.99 
N 

M+S+ *SJ 103.88 11.35 281.32 193.21 597.13 509.01 104, 15 16.03 ~ 

~ 



Brown-hooded Parrot 
Density-Groups Group-Hours Individual-Hours Hours Per Group 

Model BIC AIC F-test AIC F-test AIC F-test BIC AIC F-test HA Critical 

X -103.24 -140.52 53,70 50.31 1.24 378.28 374.89 0.31 -83.75 -87.14 0.10 s 3.88 

s -97.45 -138.12 58.85 52.08 14.33 377.58 10.19 10.07 L+S 2.41 

L -124.~ -171.78 0.77 26.91 9.96 1.01 0.63 0.07 L+S 3.89 

M -100. 44- 0.83 47.01 2.95 1.08 0.73 -65.34 -109.40 0.06 M+S 3.89 

L+S -118.69 -169.53 3.35 32.28 11.95 3.96 371.63 351.29 3.12 -89.75 -110.08 2.54 M+S 1.98 

M+S -94.87 -172.81 2.77 52.31 3.48 397.94 350.50 2.03 -58.96 -106.40 1.29 M+S+L*S 2.42 

L+S+[L*S] -107.26 -168.27 3.45 389.89 356.00 -68.94 -102.83 2.57 M+S+L*S 1.98 

M+S+[L*SJ -84.55 -172.66 1.17 415.16 -38.63 -99.63 M+S+M*S 1.99 

M+S+[M"S 42.96 -158.19 454.26 -7.36 -95.47 

Aztec Parakeet 
Density-Groups urs Per Group 

Model AIC F-test AIC F-test F-test Critical 

X '''' ~ -7.92 151.55 35.10 3.88 

s 30.6111• 149.78 1.96 2.41 

L 40.77 -6.67 168.15 151.21 482. 97 466.02 1.46 3.89 

M 80.80 527. 75 483. 70 1.49. 3.89 

L+S 41.84 487.89 467.55 0.80 55.85 35.52 1.98 

M+S 81.34 3.39 0.88 208.53 161,08 0.22 532.62 485.18 0.71 89.41 41.96 +S+L*S 2.42 

L+S+[L "SJ 58.21 -2.79 1.39 193.58 159.69 1.39 510.63 476.74 0.80 80.93 47.03 2.15 M+S+L*S 1.98 

M+S+[L*S] 97.92 9.80 0.47 233.46 172.45 0.31 555.42 494.42 0.35 114.63 53.63 0.45 M+S+M*S 1.99 

M+S+ •s 145.89 30.66 282.69 194.58 604.30 516.18 162.56 74.44 
N 
~ 

N 


