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Abstract
As the least densely populated country in Central America, Belize is in the fortunate
position of having a large proportion of its land area still forested, and consequently still
supports a high level of forest biological diversity. The recent interest in the development
of forest management in the tropics that provides socio-economic benefits while
maintaining forest cover and conserving biological diversity has resulted in a great deal of
research being undertaken to investigate the ecological impacts of forest management
techniques. The first paper reviews the research into the impacts of forest management
upon the biological diversity in Belize, and the potential for the use of spatially-related
biological diversity data in the assessment of management options. It is concluded that
through the intergration of social, economic, environmental and spatial analyses, Belize
has the opportunity to demonstrate economically-profitable natural forest management as a
majpr tool in the conservation of biological diversity. The second paper focuses on the
Chiquibul, a multiple-objective forest that provides a refuge for the only population of
scarlet macaws (Ara macao) in Belize, a species suffering huge declines throughout
Central America. A rapid appraisal was undertaken of macaw ecology in the Chiquibul and
the potential impacts of management activities. The population was found to be isolated
from others in Central America and to consist of between 60 and 100 individuals. Only an
estimated 13-30% of pairs successfully fledged young in 1998. A low density of suitable
nest sites and a seasonal food shortage were identified as probable limiting factors on the
population. GIS overlay analysis of the management zones in the forest with the
distribution of macaws, and of two other endangered species, was used to predict the
success of multiple-objective forest management as a conservation tool in the Chiquibul.
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Forest management and the conservation of biological diversity in
Belize, Central America: a review

Abstract
As the least densely populated country in Central America, Belize is in the fortunate
position of having a large proportion of its land area still forested, and consequently still
supports a high level of forest biological diversity. The recent interest in the development
of forest management in the tropics that provides socio-economic benefits while
maintaining forest cover and conserving biological diversity has resulted in a great deal of
research being undertaken to investigate the ecological impacts of forest management
techniques. This paper reviews the research into the forests of Belize, the impacts of forest
management upon them, and the potential for the use of spatially-related biological
diversity data in the assessment of management options. It is concluded that through the
integration of social, economic, environmental and spatial analyses, Belize has the
opportunity to demonstrate economically-profitable natural forest management as a major
tool in the conservation of biological diversity.
Keywords: Belize; Forest management; Biological diversity; Conservation; GIS

1. Introduction
Forest cover in the temperate regions of the world has been reduced to negligible areas by
human activities over centuries of population growth and agricultural expansion. In the
tropics, large areas of forest still remain, but pressures related to population growth, similar
to those experienced in the past in temperate regions, are resulting in a similar reduction in
forest cover (e.g. Whitmore and Sayer 1992). In some of the most densely populated
countries, for example much of Central America, forest cover has already been reduced to
levels similar to those in temperate regions (FAO 1993).
In recent years, many temperate countries have recognised the environmental and
socio-economic needs to increase forest cover again, but initiatives to reforest even small
areas have proved to be very costly. The problems associated with deforestation in the
tropics are even more severe than in temperate regions. It has become apparent that soil
fertility and conservation is far more dependent on tree cover in the tropics, thus
conversion of forest to permanent agricultural land often results in soil degradation and the
loss of productivity. Further, tropical moist forests support the highest levels of biological
diversity in the world, and their destruction or degradation has led to the extinction of
species at a rate far higher than occurred during the loss of temperate forests (Sayer and
Whitmore 1991, Whitmore and Sayer 1992, Mace and Collar 1995, Brooks et al. 1997).
Efforts to conserve the high levels of biological diversity associated with tropical
moist forests have in the past concentrated on the establishment of protected areas.
However, it is now recognised that protected areas are not sufficient alone to protect the
majority of forest diversity (Sayer and Wegge 1992), and attention has been drawn to the
management of forests outside of protected areas to provide suitable habitat for the
maintenance of forest biodiversity (Blockhus et al. 1992, Boyle and Sayer 1995, Dickinson
et al. 1996, Reid and Rice 1997, Rice et al. 1997).
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Belize is the least densely populated country in Central America, with less than
nine people per square kilometre, and around 75% of the country virtually uninhabited
(Harcourt 1996). With such a low population density, much of the country remains
forested, and so there is a realistic prospect for the development of forest management on a
national scale that is economically profitable while conserving the country’s rich
biological diversity. Should this prove successful, Belize will avoid the socio-economic
and environmental problems that have proven so costly to the temperate regions of the
world, and that are proving increasingly so to many tropical countries, particularly Belize’s
neighbours in Central America.

2. The forests of Belize
The estimated cover of “forest and other wooded areas” of 77% of the land area of Belize
(LIC 1994) is very high, comparing favourably with the figures of Sharma et al. (1992) of
63% for Latin America and 40% as a world average (for “forest and other wooded land”).
Broadleaf forest (including secondary) is estimated as covering 65% of the land area of
Belize (LIC 1994).
The rate of deforestation in Belize is low (0.2% p.a. average for 1981-90, FAO
1993), compared to the rates given in Blockhus et al. (1992) for ITTO-member countries
in Latin America, which varied between 0.2 and 2.3% per annum. The major cause of
deforestation in Latin America is conversion to agriculture, and so it is in Belize, with an
increase in deforestation rates in the 1980s due to a large influx of refugees (estimated to
be as many as 40,000), mainly from Guatemala and El Salvador, most of whom practice
traditional slash and burn agriculture (Gray and Belisle 1993, Harcourt 1996).
The forests of Belize have a long history of major disturbance events. At the peak
of the ancient Maya civilisation, large areas of forest would have been cleared for
cultivation, and the current vegetation may still reflect their impacts (Johnson and Chaffey
1973). After the decline of the Mayas by 1000 AD, the forest returned, but has been
regularly and severely damaged by hurricanes and fires. Friesner (1993) claims that
hurricanes are expected to hit Belize every seven years on average. In recent times, the
most significant hurricane was Hattie in 1961, which caused severe damage to forests over
a 50 mile wide belt through the centre of the country. Wolffsohn (1967) reported that 90%
of the canopy trees were lost within the central 30 miles of the belt; if so then this was one
of the most damaging storms ever reported in published literature (Everham and Brokaw
1996).
The high quality timber resource of Belize has had a significant impact on the
history of the country (Munro 1989). The occupation of Belize by British settlers in the
17th century was due mainly to the high value of the logwood tree (Haematoxylon
campecheanum) which was exported to provide dye for the European textile industry. As
logwood exports declined in the late 18th century, the demand for and value of mahogany
(Swietenia macrophylla) rapidly increased, and mahogany soon replaced logwood as the
primary export timber, sustaining the presence of settlers over the next two centuries.
Together with spanish cedar (Cedrela odorata), mahogany has been over-exploited ever
since, and so currently stocks of these two primary species are low (Weaver and Sabido
1997). The twentieth century has seen a growth in the use of secondary species, but the
cost of logging and transport has limited their use. Over the past twenty years, the major
source of timber in Belize has been the natural pine forests (Pinus caribea and Pinus
oocarpa).
Another major broadleaf forest industry that has experienced a severe decline since
the middle of the 20th century is the production of chicle, tapped from sapodilla trees
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(Manilkara chicle) and other members of the Sapotaceae, and made into chewing gum.
Competition from synthetic gums reduced the trade, but it may be rescued by recent
Japanese interest (Harcourt 1996). Several other non-timber forest products are collected
from the broadleaf forests, and hunting of wild animals for food is fairly common
throughout the country.
Ecotourism is a growing industry in Belize, stemming to some degree from the
increase in conservation activity since the 1981 National Park Systems and Wildlife
Protection Acts (Zisman and Munro 1989), and currently is probably the most
economically important forest industry. Several major archaeological sites are situated in
forested areas, and together with areas of natural scenic value, provide a focus for tourist
activity. Various upmarket tourist lodges have been established in forest areas to take
advantage of the tourism boom.
The legal status of many forest areas reflects this recent trend towards management
for tourism development. While Forest Reserves (designated under the Forest Ordinance,
1926) are protected for managed timber extraction and soil and watershed protection,
certain areas have been redesignated as National Parks (under the National Parks Systems
Act, 1981) for the protection of natural and scenic values for the enjoyment of the general
public (Zisman 1996). Other forest areas protected under the National Parks Systems Act
are Nature Reserves, with use limited to education and research, and Wildlife Sanctuaries,
specifically managed for the protection of nationally important species, habitats or physical
features. Archaeological Reserves, designated under the Ancient Monuments and
Antiquities Ordinance, also 1981, are managed for the protection of archaeological and
historic resources, and for visitors (Zisman 1996).

3. Forest management activities and their impacts on biological diversity
Measuring biological diversity in forests is problematic (Boyle and Sayer 1995), and trying
to monitor the impacts of disturbances can be even more so (Lawton et al. 1998). Several
studies have been carried out throughout the tropics, but the long-term logging experiment
currently underway in Belize as part of the Forest Planning and Management Project
(FPMP) of the Forest Department (Bird 1994) is apparently unique in that it is making
comparisons of forest communities before and after the disturbance. Most other studies
have compared an area impacted at some stage in the recent past with an unimpacted area,
and have tended to concentrate on large animals such as birds and primates (Johns 1992).
In the following discussion of the impacts on biological diversity of the various
forest uses commonly occurring in Belize, emphasis will be put on experience from within
Belize, but results from published literature from elsewhere in the tropics will also be
reviewed.
3.1. Selective logging
Trees are the most obvious group of organisms that are directly affected by logging
operations. Selective logging, that is the harvesting of one or a group of desirable species
from a forest that is otherwise left intact, impacts different species very differently. Some
light-demanding pioneer species may benefit from the increased canopy openness created
by the logging, and species richness in the area may actually increase. However, desirable
timber species have their largest individuals of good form removed, with the potential for
drastic population decline if replacement stocking is low, or genetic erosion if future
generations derive predominantly from seed from the unharvested trees of poor form.
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For example, mahogany (Swietenia macrophylla), which tends to regenerate only
after catastrophic events such as hurricanes or fires (Lamb 1966, Snook 1996), does not
regenerate naturally following the relatively minor disturbances caused during selective
logging operations in the neotropics (Verissimo et al. 1995, Whitman et al. 1997). Coupled
with the highly exploitative nature of selective mahogany logging, this has resulted in
severe depletion of mahogany stocks in Belize (Munro 1989) and throughout its natural
range (Verissimo et al. 1995, Gullison et al. 1996). Further, a 1950s inventory of the
Chiquibul forest, Belize, revealed that a high proportion of the mature mahogany trees
remaining after 30 or 40 years of exploitation were defective (reported in Johnson and
Chaffey 1973), and as growth and trait forms in mahogany have been shown to be under
genetic control (Newton et al. 1996), the selective logging of trees of good form may lead
to genetic erosion of the species. This has already been documented in the case of the
Caribbean mahogany, S. mahagoni, which has been exploited to the extent that the species
is now represented almost entirely by small trees and shrubs (Rodan et al. 1992).
As mahogany numbers decline, other hardwood species are increasingly being
harvested from the forests of Belize (Munro 1989), but as yet there is no conclusive
research into the impacts on the populations of these secondary species. Non-timber
species are impacted on a more random basis than timber species, with the level of
destruction being dependent on the intensity of the harvest, and the amount of damage
caused during the operation. Several measures can be used during logging to minimise the
damage to the residual stand, and some of these have been used with visibly successful
results during the FPMP logging experiment in the Chiquibul (pers. obs.). Johns et al.
(1996) found that directional felling was the most cost-effective of their planning
measures, and that the planned logging resulted in a 32% reduction in the number of trees
damaged per tree removed. Pinard and Putz (1996) give a similar account of their
“Reduced Impact Logging” measures, which resulted in 25% fewer severely damaged
residual trees than with conventional logging practice.
Table 1
The effects of harvest intensity on forest damage due to logging.
Intensity
(logs per
hectare)
0.12

% damage (note different methods of
quantification, see notes below)

Damage:log
ratio

Notes (see
below)

Felling
operation

Road
building

Total

0.47

3.92

4.4

37:1

(a)

26

5:1

(b)

4.8

(derived)

18
39.2
4.8
44
2:1
(c)
Notes: (a) % damage to area; Gullison and Hardner 1993, Bolivia;
(b) % damage or destruction to remaining stand; Uhl and Viera 1989, Brazil;
(c) % death of remaining stand; Johns 1988, Malaysia.
Road and skid-trail planning can be another important measure in reducing logging
damage. Soil compaction on skid-trails has been shown to have a negative impact on
seedling survival in northern Belize (Whitman et al. 1997), and can severely impede forest
regeneration (Watson and Monro 1996, Pinard et al. 1996, Woodward 1996), while
Gullison and Hardner (1993) used a computer simulation to predict that the area damaged
during road-building in logged forest in Bolivia could have been decreased by 25% just by
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building a linear road. Interestingly, they also predicted that the total area damaged per tree
removed would decrease with an increase in the harvesting intensity, due to the decline in
road area required to reach each tree. This can be illustrated in real world examples, with
Table 1 showing a decrease in a damage:log ratio (derived here from published data)
corresponding to an increase in harvesting intensity.
An increase in harvest intensity may also encourage the regeneration of logged
species, particularly light-demanding species such as mahogany and spanish cedar
(Cedrela odorata), and, by the utilisation of several secondary species, is being
recommended for the production forests of Belize (Synott 1992).
Studies of bird communities in selectively logged forests throughout the tropics
have given varying results, and often encounter problems of biased sampling (Mallory and
Brokaw 1997). Within the FPMP plots in the Chiquibul, Mallory and Brokaw (1997) have
found, 10 months after the logging, that the impact appears to have been of minor
importance compared to normal fluctuations. However, some behavioural changes were
detected, and there was a decline in small insectivores. Other studies have found similar
declines in such specialist understory species (Johns 1988, Lambert 1992, Danielsen and
Heegaard 1995, Johns 1996, Mason 1996), although overall species richness has tended
not to decline due to the survival and colonisation of insectivore-frugivore generalists
(Johns 1988, Lambert 1992, Danielsen and Heegaard 1995, Johns 1996, Mallory and
Brokaw 1997), and there is often a higher proportion of abundant species (Johns 1992,
Danielsen and Heegaard 1995, Marsden 1998).
The impacts of logging on mammals has not been researched in Belize, and
elsewhere in the tropics studies have concentrated on primates. Primates have been found
to survive well in logged forest, and sometimes appear to increase (Johns 1988, Danielsen
and Heegaard 1995). However, this may be due to an increase in vegetative activity
immediately following logging due to the increased light stimulating the remaining trees,
while after some years this vegetative activity will decrease and the lower density of trees
may produce significantly fewer fruits (Johns 1992). There may be a particular problem for
any frugivorous animals if their preferred food is from a selectively harvested timber tree
(Johns 1992).
The insect studies within the FPMP plots in Belize have yet to be analysed, but the
small amount of data from elsewhere supports the view that invertebrates, with such a huge
number of species in tropical forest (Stork 1988), many of which are highly specialised,
would exhibit a high rate of extinction in logged forest (Johns 1992). Species richness in
logged forest was found to be much lower than in unlogged forest for moths in Sabah
(Henwood 1986 in Johns 1992) and termites in Sarawak (Collins 1980 in Johns 1992),
while Lewis et al. (1998) showed forest disturbance to have a significant impact on
endemic butterfly species on the Comoro Islands. However, the long history of
disturbances in the forests of Belize is likely to have restricted the occurrence of many
highly specialised species, and the relatively minor disturbances caused during selective
logging may cause the extinction of fewer species than would be the case in forests with an
undisturbed history.
3.2. The harvesting of non-timber forest products
The forests of Belize have traditionally provided local communities with several nontimber forest products (NTFPs), including fruits, spices, herbal medicines, and palm leaves
for thatch. These activities tend to have a very low impact on the forest, although currently
it appears that the bayleaf palm (Sabal) may be being harvested unsustainably, with large
trees being felled to collect the leaves. Some argue that this is to meet the demand for
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thatched cabañas for the ecotourist industry, but no data exists to support or reject this
view.
The tapping of sapodilla (Manilkara chicle) and other trees of the Sapotaceae for
their gum, known as chicle, has been a major forest industry in the past. Almost every
large sapodilla tree in Belize shows signs of past harvesting, but while Bird (1994) reports
that tree death may occur, this is rare.
The hunting of wild animals, often for food but sometimes for other purposes, is
common amongst Belizean communities. The harvesting of NTFPs may in itself be of
fairly low impact, but the associated hunting pressures may be significant to certain
species. Regulating hunting can be difficult, particularly in the vicinity of populated areas.
Belsky (1996) reports that in ejidos in Mexico, hunting is permitted, resulting in the
residents being more honest about reporting hunting activities, and in being supportive of
forest management.
3.3. Tourism, education and research
Tourism is currently the second greatest source of foreign income for Belize (O. Lewis,
pers. comm.), and there has been rapid growth in inland tourist facilities to complement the
coastal and off-shore attractions. The presence of several major archaeological sites across
Belize provides centres for tourist activity, with the nearby ruins at Tikal, Guatemala,
providing clear evidence of what can be achieved through the protection and marketing of
such resources. The Tikal experience shows that over decades of protection, wildlife can
become accustomed to large numbers of visitors, and their abundance and apparency adds
greatly to the tourist appeal. Munn (1992) has presented an economic evaluation of the
management of a forest in Peru for tourist activities based around predictable photogenic
wildlife spectacles, and proposes tourism as a major conservation tool.
The largest archaeological site in Belize is situated at Caracol, deep within the
Chiquibul forest, and a large area of forest surrounding the former Mayan city is protected
as an Archaeological Reserve and is managed for visitors (Zisman 1996). A dirt road
provides access to the site, and it is this road that constitutes the major disturbance to the
forest. Further, this road has led to colonisation of the site by certain exotic species,
reducing the ecological integrity of the area (Miller and Miller 1995). The development of
educational, research and tourist facilities within forest areas will inevitably lead to forest
disturbance due to the building of roads and the clearance of sites, and so careful planning
should always accompany such developments.
3.4. The development of hydro-electric power schemes
A hydroelectric production dam has been built on the Macal River at Mollejon Creek, but
the impacts of this project on the biological diversity of the area have not been
documented. Research elsewhere has shown that dam construction alters the hydrology of
the surrounding area, and, over time, can result in changes in the floodplain vegetation
(Thomas 1996, Toner and Keddy 1997). A further impact of dam construction can be the
loss of biodiversity due to invasion of exotic species and the loss of native species (Power
et al. 1996). Aquatic species that migrate along rivers during their life-cycle have been
shown to be seriously affected by the presence of dams, with some dam designs having
more of an impact than others (Holmquist et al. 1998). The responses of rivers and river
ecosystems to dams are complex and varied, and so there is a need to conduct site-specific
evaluations of the impacts on the ecosystem, and on the ecological linkages within
communities, in order to identify measures to maintain ecosystem health (Power et al.
1996).
6

Plans are being discussed concerning the construction of a feeder dam within the
Chiquibul forest of Belize, either on the Macal or the Raspaculo rivers (Rogers and Sutton
1994). This area is known to support high levels of biological diversity, and has been
shown to be important habitat for breeding populations of several species of endangered
large animals (Rogers et al. 1994). Many of these species are dependent on the riparian
vegetation that is typical of forest in a continual early successional state due to regular
flooding, and so serious consideration should be given to the impacts of altering the
hydrology of this core wildlife habitat before any plans are finalised.

4. The use of GIS in forest management in Belize
It has been demonstrated, then, that the various management activities associated with the
forests of Belize have differing impacts on the biological diversity within the forests.
Forest management at the landscape and national levels, therefore, will need to give
consideration to these impacts, to ensure the conservation of the high levels of biological
diversity still present in Belize. An integrated approach to forest management is required,
where spatial data relating to forest resources, including biological diversity, and forest use
are integrated within a single information and decision support system. Recent advances in
the use of geographical information systems (GIS) have provided the technology with
which to conduct such integrated land-use planning, and Belize is in the fortunate position
of already having a functional GIS in operation (Gray 1989, 1993; Gray and Belisle 1993).
With technical assistance from the University of Edinburgh (UK), a GIS-based
Land Information Centre (LIC) was set up within the Ministry of Natural Resources of the
Government of Belize in the early 1990s (Gray 1993). The initial success of the LIC owed
much to the fact that a large quantity of data was already in digital format (Gray 1993), so
that the preliminary results of the “Land Use Mapping of Belize” project could be
published as early as 1994 (LIC 1994). However, the long-term success of the LIC will be
dependent on whether the GIS-capability is utilised to it’s full potential as a “bridge”
between Belize’s natural resource databases and practical resource management (Næsset
1997).
4.1. Mapping the biological diversity of Belize
From the perspective of forest management and the conservation of biological diversity,
baseline data on the spatial distribution of Belize’s biological diversity will be required
(Scott et al. 1987). Within Belize, data on the regional and local scales will be needed,
although the biogeographic scale should also be considered for internationally important
species (Davis et al. 1990). The presentation of species data in map format can be very
useful in environmental planning (Miller and Allen 1994), but the cartographic
representation of species distributions can be problematic (Miller 1994). Miller and Miller
(1995) have already attempted to produce species-specific distributions for much of the
Belizean biological diversity, for use in a GIS-based gap analysis of the national protected
areas system, but encountered the common problem of insufficient sampling distribution.
However, one of the advantages of using GIS to store and manipulate such data stems from
the flexibility that the system provides, as new data can be readily incorporated into the
GIS to edit and update the information (Miller and Allen 1994, Michelmore 1994).
Therefore, future sampling of the biological diversity of Belize should take into
consideration the spatial distribution of sampling that is required to provide extensive
coverage, either of Belize or of the area in question.
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Ferrier and Smith (1990) give an account of how GIS can be used to ensure
adequate sampling over a large study area, and further, how incomplete ground survey data
can be linked geographically to remotely mapped attributes in order to allow extrapolation
across unsurveyed areas. While biological surveys have traditionally tended to be intensive
investigations concentrated in a few small areas, often near research stations or major
access routes (Davis et al. 1990), Ferrier and Smith (1990) suggest the multivariate
stratification of the study area based on several environmental variables overlayed in a
GIS, and the use of a rapid sampling technique in each area corresponding to a unique
combination of the variables. A coverage of the access routes in the area can also be
overlayed to aid the location of suitable sites and the optimal sampling sequence for
maximum efficiency. Once the rapid biological survey has been undertaken, the results can
be incorporated into the GIS for statistically rigorous analysis of the correlations between
the ground survey data and remotely mapped attributes such as vegetation type, elevation,
aspect, disturbance history and average rainfall. While combined univariate analysis or
multivariate statistical analysis can be used, Ferrier and Smith (1990) conclude that
decision-tree analysis is the most promising approach, as it assumes very little about the
nature of the relationship between the species and the environment, and the derived models
can be presented in a form easily understood and interpreted by expert and non-expert
users. The resulting predictive models can then be used to extrapolate the species data
throughout the unsurveyed area. Once again, the flexibility inherent in a GIS means that
the models and predictions may be refined through follow-up surveys, which may
themselves be stratified based on the predicted species distribution from the previous
survey. An example of this methodology being used in practice is given by Smith et al.
(1997), for assessing lemur conservation in Madagascar.
With the Land Information Centre in Belize fully operational, the use of GIS for
such biological survey design, analysis and extrapolation should be relatively
straightforward. The national vegetation classification of Wright et al. (1959) has recently
been updated by Iremonger and Brokaw (1994), and, overlayed with further variables such
as disturbance history, proximity to watercourses, elevation, slope, or latitude and
longitude bands, could be used as the basis for multivariate survey stratification (see Fig. 1
for an example based on the Chiquibul forest). Indeed, Ferrier and Smith (1990) note that
the process does not necessarily have to be entered at the “survey design” stage, so it may
be that existing spatially-related biological data could be used for analysis and
extrapolation, at least for certain species in certain areas.
4.2. Utilising biological diversity data in forest management planning
Once biological diversity has been adequately mapped, the challenge then is to incorporate
this information into land-use planning and management. The GIS can be used to identify
areas of high species richness, areas of biological importance that are at risk, ecosystems
which are adequately protected and those which are not, and areas where ecologically
sustainable development can occur with acceptable impacts on biological diversity (Davis
et al. 1990). In temperate countries, GIS have been demonstrated to be capable not only of
incorporating forest inventory and landscape analysis into the evaluation of alternative
forest management options (Aspinall 1991), but also of integrating economic appraisal into
management planning (Davidson 1991), and consequently has been used as part of
decision support systems addressing trade-offs between timber and non-timber values, for
the resolution of complex land-use conflicts (Brown et al. 1994, Næsset 1997). Tropical
ecosystems tend to be far more complex than temperate or boreal ecosystems, but the
development of similar decision support systems should be possible.
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Fig. 1. A recommended model for mapping biological diversity in the Chiquibul forest,
Belize. A GIS is used for the design of a multivariate stratified survey, a rapid biological
survey is then undertaken in sites representative of each unique combination of variables,
and finally spatially-related multivariate analysis is used to form predictive models of
biodiversity distribution.
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Fig. 2. Project management is crucial at every stage of a GIS application, so as to ensure
the accuracy of the data and the validity and relevance of the outputs.

For GIS applications to be used as a major component in decision-making
processes, there needs to be a high level of confidence in the validity of their outputs, and
so it is crucial that the issues of error and error-propagation are addressed (Næsset 1997).
Errors may enter at all stages of a GIS application, particularly during data
collection and input, but also during manipulation (especially by subjective operations
such as classification or generalisation), or during extrapolation or interpolation of data
(Burrough 1991). GIS operations may compound errors, for example, the accuracy of a
composite map resulting from the overlaying of several data-sets will generally be less
than the accuracy of the least accurate map layer used (Newcomer and Szajin 1989).
Further,
digital maps are stored at a single scale regardless of the scale at which they were collected
and digitised, but can only be wisely used at their original scale (Michelmore 1994). As
inventory costs are always restricted, natural resource data will always be more or less
erroneous (Næsset 1997), so the attitude to error should not be to eliminate it but to
manage it (Aronoff 1991). Therefore, effective project management, including planning
and organisation, is necessary at every stage of a GIS application, from the collection and
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input of the data, through the storage and manipulation of that data, to the final output and
use of the results (Fig. 2).
However, the quality of the output will still be dependent on the accuracy of the
input; as Barr (1997) points out, “Garbage in, garbage out”. Openshaw (1989) proposes
that it is necessary to improve user-awareness to the existence and importance of errors
within GIS applications, and suggests that models are required to provide an indication of
the level of confidence in the output. Never-the-less, should inaccurate or simply
misinterpreted data lead to wrong decisions being made at a land-use planning level, then
the question of liability for the data, and consequently the wrong decision, arises (Epstein
and Roitman 1990). An organisation that collects and distributes data, such as the Land
Information Centre in Belize, should be aware of the potential consequences of their
activities, and develop mechanisms for minimising error and protecting against liability.

5. Managing the future
The future conservation of the biological diversity associated with the forests of Belize
will be dependent on resource management that is based on an integrated analysis of
social, economic and biogeographical information. Therefore a multi-disciplinary approach
to data-collection and utilisation will be required. The National Biodiversity Strategy and
Action Plan, which is currently being developed, has adopted such an approach and so
should provide a framework within which regional and local management priorities can be
established.
There already are numerous research projects and initiatives in Belize, all of which
have a valuable contribution to make to the decision-making processes regarding the
management of forests and other natural resources. However, much of this work is being
conducted in isolation, and the findings are rarely considered by the majority of resource
managers. There is an urgent need for a structured mechanism to facilitate communication
between resource managers and researchers. This is necessary to ensure that managers are
provided with their desired information, and conversely to ensure that researchers are
guaranteed that their work will be considered by decision-makers.
For these aims to be achieved, several activities will be crucial:
•
•
•
•
•

the identification of local, regional and national research needs and priorities;
the identification of the most suitable research groups or organisations;
the co-ordination of research activities;
the collation and distribution of information;
the utilisation of information in assessing management options.

The efficient implementation of such activities should have the effect of focusing
the large amount of research going on in Belize towards the goal of forest management on
a national scale that maintains forest ecosystem health while providing socio-economic
benefits. Within this broad national outlook, the use of local spatially-related resource data
can then be applied to determine site-specific management options that ensure the
minimum impact on the biological diversity of the site. Through this integrated analysis of
the social, economic and environmental factors at the local, regional and biogeographical
scales, the Belize experience may yet provide a model of natural forest management as a
major conservation tool, a model that has so far been little more than an unfulfilled ideal
throughout the neotropics.
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A rapid appraisal of scarlet macaw conservation
in a multiple-objective forest in Belize

Abstract
The Chiquibul forest of Belize is managed for multiple objectives, including selective
logging and biodiversity conservation. The forest provides a refuge for the only population
of scarlet macaws (Ara macao) in Belize, and so a rapid appraisal was undertaken of
macaw ecology in the Chiquibul and the potential impacts of management activities. The
population was found to be isolated from others in Central America and to consist of
between 60 and 100 individuals. Only an estimated 13-30% of pairs successfully fledged
young in 1998. A low density of suitable nest sites and a seasonal food shortage were
identified as probable limiting factors on the population. GIS overlay analysis of the
management zones in the forest with the distribution of macaws, and of two other
endangered species, was used to predict the success of multiple-objective forest
management as a conservation tool in the Chiquibul.
Keywords: Belize; Forest management; Conservation; Ara macao; GIS

1. Introduction
The conservation of tropical moist forests and their exceptional levels of biological
diversity has become one of the major global environmental concerns in recent decades. It
is apparent that protected areas are not, and can never be expected to be, of sufficient
extent to conserve the majority of forest biological diversity (Sayer and Wegge 1992), so
attention has turned to forests outside of protected areas (Blockhus et al. 1992, Boyle and
Sayer 1995, Dickinson et al. 1996, Rice et al. 1997). Many of these forests are under
pressure to provide economic benefits to local and national communities (Boyle and Sayer
1995), with timber production often considered to be one of the most economically
profitable management options (Reid and Rice 1997).
The Chiquibul forest of Belize is a typical example, with a multiple-objective
management plan recently being developed, based around sustained yield timber
production, but also incorporating other activities such as tourism, military training,
mineral extraction, scientific research, environmental protection and biodiversity
conservation (Bird 1997). While biodiversity conservation is one of the stated objectives of
the management plan, and permanent plots have been established to monitor the impacts of
logging activities on biodiversity (Bird 1994, Mallory and Brokaw 1997), there is still a
lack of information concerning the distribution of biodiversity in the Chiquibul, and the
impacts of management. However, a research station located within the Chiquibul, at Las
Cuevas, was set up in 1994 as a joint venture between the Belize Forest Department and
the Natural History Museum (London), and provides an ideal base for studies investigating
these impacts.
The Chiquibul represents the last major stronghold of the scarlet macaw (Ara
macao) in Belize (Mallory 1994), a species declining drastically throughout Central
America (Forshaw 1989). The aim of this project was to investigate macaw biology in the
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Chiquibul, and to assess the potential for conflict between management activities and the
conservation of macaws and other endangered species.

2. Methodology
A detailed study of macaw ecology would take at least two years (Waugh 1995), so, in the
limited time available to this study, a “Rapid Appraisal” was undertaken, utilising several
different techniques to collect the data so as to reduce any bias associated with a single
technique.
The project had a particular spatial dimension, and so a process similar to that used
by Miller and Allen (1994) for mapping the rare species of Madagascar was followed. The
major differences were an increased emphasis on gathering ecological information, and the
use of indigenous knowledge for obtaining expert advice on species distributions. The
various techniques used are discussed in more detail below.
2.1. Review of published and unpublished literature
A literature review was conducted concerning the Chiquibul forest and macaw ecology and
conservation. Published literature was available from British libraries, particularly at the
University of Edinburgh, the Scottish Ornithologists Club (Edinburgh), and through the
inter-library loan system of the British Library. However, a great deal of specific
information could only be gathered from reports stored in governmental and nongovernmental departments in Belize. The Belize Forest Department was the primary
source of these reports, but others were obtained from the Las Cuevas Research Station,
and the Belize office of the Natural History Museum of London.
2.2. The gathering of indigenous knowledge
It was recognised that much useful information had been gathered informally by local
people who had lived and worked in the forests of Belize for much of their lives, but had
never been written down. Therefore, certain local people who had long-term experience of
forest work were identified through personal contacts, and their knowledge was
documented by a variety of informal techniques. Their advice was sought on the spatial
interpretation of published data, while sketch maps of macaw observations in the
Chiquibul, and matrices of preferred fruit trees and timing of fruiting of these trees, were
produced (Fig. 3). The information gathered was transferred into databases and a
geographical information system (GIS) for analysis and presentation.
2.3. The development and implementation of a stratified biological survey
A spatially-related biological survey design for the Chiquibul forest was developed for this
study. Following the recommendations of Ferrier and Smith (1990) and Smith et al. (1997)
a GIS was used to develop a multivariate stratified survey design, based on existing
spatially-related environmental data. The coverages overlayed were the natural vegetation
types in the area (based on Wright et al. 1959), proximity to water courses (buffered to
within 200m, and further than 200m), and latitude and longitude bands. Having overlayed
a coverage of the roads in the forest, accessible survey sites were located in each unique
combination of variables. A handheld GPS was used to aid location of sites.
This multivariate stratified survey design could potentially be utilised for any rapid
biological survey, and during this study consisted of rapid forest inventories in 1 hectare
transects, 200 metres long and 50 metres wide. All trees greater than 40cm dbh were
identified and measured within 10cm dbh bands. Within the transects, trees greater than
30cm dbh were recorded in 0.2 ha, those greater than 20cm dbh in 0.1 ha, and those greater
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than 10cm dbh in 0.05 ha. The results of the stratified survey were incorporated into the
GIS, and were analysed with respect to various remotely-mapped environmental variables.

(a)

(b)

Fig. 3. Indigenous knowledge was gathered by a variety of informal techniques, including
sketch maps (a) and matrices (b).
2.4. Field observations
The Las Cuevas Research Station, in the Chiquibul forest, provided a base for the
implementation of the biological survey. While staying at Las Cuevas, and while travelling
through the forest to the various survey sites, all observations of macaws were recorded,
and their locations noted. Particular attention was paid to pair bonding and flock dynamics.
2.5. Appraisal of the forest management plan
A simple map of the zonation of the various management activities in the Chiquibul was
incorporated into the GIS, and overlayed with the coverages derived from the appraisal of
the macaw population. Areas of potential conflict were identified, as were areas already
designated for protection. However, it is unwise to only consider a single endangered
species when appraising management options (Liu et al. 1995), so consideration was also
given to two other endangered species in the Chiquibul, using data collected during the
literature review and the gathering of indigenous knowledge.

3. Results and Discussion
3.1. The Chiquibul forest - features and management history
The Chiquibul forest is located in the central western portion of Belize, bordering
Guatemala to the west, the main divide of the Maya Mountains to the south and east, and
the Mountain Pine Ridge and Vaca Forest Reserve to the north (Fig. 6). The area is
currently uninhabited, with the exception of two small agricultural incursions along the
international boundary (totalling 690 hectares in 1994, King 1995), a research station and a
mineral exploration camp. The forest is classified as being in transition from the
“Subtropical moist” (in the west) to the “Subtropical lower montane wet” (to the south and
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east) life zones of the Holdridge System (Hartshorn et al. 1984). Annual rainfall is around
1500mm, with drought conditions (<100mm per month) normally occurring in February,
March, April and August, and often in January and May (Johnson and Chaffey 1973). Two
main broadleaf forest types are recognised, one largely deciduous, the other semievergreen (Wright et al. 1959, Bird 1994).
The vegetation of the Chiquibul mirrors to a large extent the underlying geology
(Wright et al. 1959). Broadleaf calcicolous (lime-loving) species dominate in areas where
a capping of Cretaceous limestone remains, but are less numerous where the limestone has
been eroded to reveal shales, slates and sandstones (Wright et al. 1959, Johnson and
Chaffey 1973). A small patch of pine occurs on sandstone and slate at San Pastor Pine
Ridge, and transitional forest between the pine and the broadleaf supports a large
proportion of oak (Johnson and Chaffey 1973).
Recent plot enumeration indicates 60-70 species greater than or equal to 10cm dbh
per hectare in broadleaf areas (Smith 1995), while during this study 124 species greater
than 10 cm dbh were recorded within the transects, consisting of at least 76 genera and at
least 35 families. As expected, tree species richness was higher in broadleaf forest than in
pine forest, with between 18 and 30 species recorded from each of the transects in
broadleaf forest (x=25.0, s=3.72, n=13), while only 5 species were recorded from the
transect in pine forest. For transects within broadleaf forest, there were no significant
correlations or associations between species number and the independent site variables
(Table 7).
3.1.1. Disturbance history
The Chiquibul has a long history of disturbance, with large areas over the limestone
cleared for cultivation by the ancient Maya until about 1000 AD (Johnson and Chaffey
1973). Logging of mahogany (Swietenia macrophylla) and to a lesser extent spanish cedar
(Cedrela odorata) began in the 1920s, but over-exploitation of these species led to further
species being harvested in the 1960s, and in the 1980s over twenty species were being
harvested (Bird 1994). Logging ceased in 1986 (Bird 1994), but restarted in 1997, in both
the broadleaf and pine forest areas (Bird 1997). The tapping of Sapotaceae trees for chicle
has occurred throughout the forest for many years, but the industry has declined since the
middle of this century (Harcourt 1996).
In addition to disturbances by man, natural disturbances have had a severe impact
on the Chiquibul forest. Regular extreme flooding occurs in some river basins (Zisman
1996), while large fires may occur during dry years (Wolffsohn 1967). Tropical storms and
hurricanes regularly hit Belize (Friesner 1993), with the Chiquibul being devastated by
Hurricane Hattie in 1961 (Wolffsohn 1967, Lindo 1967, Johnson and Chaffey 1973).
Within an inner 40km wide zone, small trees were uprooted, while larger trees were
generally left standing but damaged, with only 20% of trees left with more than half their
crown intact (Lindo 1967). Damage was more severe on exposed ridges and hillsides,
while pockets of relatively undamaged forests survived in the shelter of hills (Johnson and
Chaffey 1973). Over the following three years, widespread fire occurred in the Chiquibul
(Wolffsohn 1967). Three further hurricanes have been reported in the Chiquibul since 1961
(Zisman 1996), but these have had much less of an impact.
3.1.2. Current management
The Chiquibul is a multiple-objective forest (Fig. 12), currently designated partly as a
National Park (about 110,000 hectares), and partly as a Forest Reserve (about 60,000
hectares), with the Caracol Archaeological Reserve situated within the National Park
(about a further 10,000 hectares) (Zisman 1996). The management plan recently drawn up
for the Forest Reserve has designated 40,000 hectares to be managed for sustained yield
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timber production, with further areas zoned for military training, mineral extraction, and
watershed and environmental protection (Bird 1997, in press). Tourism will be developed
in the Caracol Archaeological Reserve and in the western portion of the National Park,
while the eastern portion of the National Park will be managed like a wilderness zone, with
severe access restrictions (Zisman 1996).
Having ceased in 1986, timber extraction in the Forest Reserve restarted in 1997
under a sustained yield system of two 500 ha compartments per year on a 40-year rotation
(FPMP 1995, Bird 1994, 1997, in press). The proposed harvest intensity is around 6 trees
per hectare, a figure higher than for traditional selection logging in the neotropics (Bird
1994). With the primary species’ of mahogany (Swietenia macrophylla) and spanish cedar
(Cedrela odorata) being at a low density due to over-exploitation in the past, a large
number of secondary species will be harvested to reach the desired intensity (Synott 1992).

3.2. The scarlet macaw (Ara macao)
3.2.1. Distribution and status
There are 16 species of macaw in the world, all of which occur in the wild solely in
tropical America, and half of these are in danger of extinction (Munn 1988). The scarlet
macaw (Ara macao) is the most widely distributed, occurring in lowland (up to 1000m)
evergreen or deciduous forest from eastern Mexico, through Central America and northern
Colombia, and widely across the Orinoco and Amazon basins of South America, as far as
northern Bolivia and central and north-eastern Brazil (Ridgley 1981). Over much of its
South American range, large areas of relatively undisturbed forest remain, supporting
healthy numbers (Ridgley 1981, Forshaw 1989), and consequently the species as a whole
is not currently considered to be endangered (Collar and Juniper 1992).
However, the species has suffered huge declines in Central America over the
course of this century, (Ridgley 1981, Forshaw 1989, Howell and Webb 1995), due almost
entirely to the dual pressures of habitat loss and illegal hunting (Fig. 4) (Ridgley 1981,
Collar and Juniper 1992). Scarlet macaws have been lost, or will soon be lost, from a major
proportion of their former range, including the entire Pacific slope from Mexico to
Nicaragua, and the few regions where they still remain in reasonable numbers are
fragmented and isolated from each other (Fig. 5).
3.2.2 Distribution in Belize
Despite 65% of the land of Belize still being covered by broadleaf forest (LIC 1994),
scarlet macaws have a very limited range in the country (Fig. 6), and Pasquier (1981)
reports that the population is in decline. Wood et al. (1986) state that the species is found
only in the Chiquibul, but Kamstra (1987) reports it as a permanent resident in the
Cockscomb Basin. Mallory (1994) suggests that the Chiquibul and Cockscomb macaws
are a single population, with access through a low point in the Maya Mountains. Russell
(1964) reports macaws occurring in the Mountain Pine Ridge, but this no longer appears to
be the case, except immediately adjacent to the Chiquibul (N. Bol, pers. comm.).
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Fig. 4. The beauty, intelligence, and social behaviour of macaws (a, b) has caught the
imagination of humans, not only in Belize (c), but around the world. Unfortunately, this
has led to widespread illegal trade in live wild-caught birds for the international pet market
(d), and, coupled with habitat destruction, has caused a drastic decline in macaw numbers
throughout Central America.

3.3. The scarlet macaws of the Chiquibul forest
3.3.1. Range
Spatially-referenced observations of macaws in the Chiquibul (Table 2) were incorporated
into the GIS, and by analysis with several environmental coverages (altitude, water
courses, vegetation, longitude and latitude) were used to map the range of scarlet macaws
in the Chiquibul (Fig. 6). The range is restricted to the east and south by the Maya
Mountain divide, with the only break occurring at a low point in the divide along the
eastern boundary of the Chiquibul, allowing access to the Cockscomb Basin (see Mallory
1994). To the north, the Macal River represents the current limit of the species range. The
macaws do not appear to extend to the Guatemalan border, and therefore are likely to be
isolated from the larger populations in the western Peten of Guatemala. Ecological
modelling suggests that isolation of this sort can lead to a high probability of extinction of
local populations, due to a lack of immigration and gene flow (Hanski and Gilpin 1991,
Harrison 1991).
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Fig. 5. A representation of the former (a) and current (b) status of scarlet macaw
populations in Central America. Details and references can be found in Appendix 1.
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Fig. 6. The range of the scarlet macaw in Belize, and its distribution in the Chiquibul
forest. For details and sources of data see Table 2.
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Table 2
Summary of spatially-referenced macaw observations in and around the Chiquibul forest.
Region
Chiquibul FR
Chiquibul FR
Chiquibul FR
Chiquibul FR
Chiquibul FR
Chiquibul FR
Chiquibul FR
Chiquibul FR

Location
Caracol
Christina camp
Engineers camp
Grano d'Oro
Las Cuevas
Las Cuevas
Las Cuevas
Los Lirios

Date
1994-1998
all through the year
occasionally
1994-1996
Jan-Apr
May-Aug
Sep-Dec
Apr-Jul 1998

Chiquibul FR
Chiquibul FR
Chiquibul FR
Chiquibul FR
Chiquibul FR
Chiquibul FR
Chiquibul FR
Cockscomb

New Maria
Palmar
Palmar
Puente Natural
Puente Natural
Rio Ceibo Grande
Smokey River
4+ km west of
Quam Bank
Swazey Bowl
west Cockscomb
Francilia, MPR
Guacamallo bridge
Guacamallo bridge

1994-1996
5 Jul 1998
Feb-May or Jun
Apr 1986-1989
1994-1996,1998
1998
May 1995
4 Feb 1986

Cockscomb
Cockscomb
Macal River
Macal River
Macal River
Macal River
Maya Mountains
Maya Mountains
Raspaculo Basin
Raspaculo Basin
Raspaculo Basin

Upper Macal
Chiquibul River to
Bladen
Doyles Delight
Cara Blanca
Lower Raspaculo
Lower Raspaculo

Raspaculo Basin

Monkey Tail

Raspaculo Basin

Monkey Tail

Raspaculo Basin
Raspaculo Basin

Monkey Tail
Monkey
Tail/Raspaculo
Upper Raspaculo

Raspaculo Basin

Notes
no records
groups of 6-11
small numbers
very infrequently recorded
small numbers
large flocks, upto 41 birds
occasional
infrequently recorded, but several (3
or 4 pairs?) heard on one occasion
between Los Lirios and Grano d'Oro
groups of 2-9 on several occasions
family group of 3 birds
small numbers
upto 7 birds
small numbers occasionally
occasionally 4-6 birds
scarce
18 birds

Source
b1,c1
a,b1,c1
b1
a,c1
b1,c1
a,b1,c1
b1,c1
a

c1
a
b1
c3
b5,c1
b4
c4
c2

24 Feb 1993
early July 1998
Jan - Apr 1991
1958
3 June 1993, 19941996, June-July 1998
early July 1998
19 Jan - 4 Feb 1995

one record of flock of 24+
5 macaws
up to 18 birds
seen during bridge construction
no records
present
no records

c2
c6
b1
b1
a,b1,
c1,c2
c6
c8

Aug 1989, Dec 1993
Nov or Dec 1997
Sep 1987, Nov 1992
3-12 May & 31 May 3 June 1993
July 1996 & 1998

no records
61 birds
flocks of 12 - 20+ birds
commonly seen

c7
b3
c2
c2,c5

flocks of 15 to 40 birds feeding in
various trees
Feb-Apr 1995 & 1996 groups of upto 14 birds frequently
seen
all along the year
common
14-21 July 1998
5+ pairs, and nest sites
31 May 1993

a,c1
c1
b1
c6

flock of 31 birds, preening, calling c2
and breaking twigs
Raspaculo Basin Upper Raspaculo
2-22 May 1993
commonly seen, most often in pairs, c2
but also in groups up to 8 birds
Raspaculo Basin Upper Raspaculo
28 Mar 1996
flock of 30 birds
c1
Sources: a - field observations; b - indigenous knowledge (b1 - N. Bol; b3 - chicleros in conversation to N.
Bol; b4 - watchmen at mining camp; b5 - O. Lewis); c - literature review (c1 - Bol and King 1996; c2 Mallory 1994; c3 - Barlow and Caddick 1989; c4 - Colston 1995; c5 - Matola et al. 1994; c6 - Matola and
Sho 1998; c7 - Matola 1995; c8 - Meerman and Williams 1995).
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Table 3
Reported flocks of 30 or more macaws in Belize.
Date
Nov or Dec 1997
4 Jul 1995

Location
Lower Raspaculo
Las Cuevas

Number
61
41

23 Jul 1996

Las Cuevas

34

Nov 1994

San Pastor

31+

Comments
at Cara Blanca
26 then 15 flew from east
and landed in fig tree
flew from northwest, 2
more from northwest 10
minutes later
31 seen flying, more heard
nearby
in 3 trees

Observer
chicleros
Natalie Bol

Source
b3
c1

Ali Robertson

c1

Nicodemus
c1
Bol
31 May 1993
Upper Raspaculo
31
Elizabeth
c2
Mallory
25 Jun 1995
Las Cuevas
31
flew from west
Tony King
c1
28 Mar 1996
Upper Raspaculo
30
sighted from helicopter
David Sutton
c1
Sources: b - indigenous knowledge (b3 - chicleros in conversation to N. Bol); c - literature review (c1 - Bol
and King 1996; c2 - Mallory 1994).

Table 4
Simultaneous macaw observations, 20-23rd July, 1998 (details in Appendix 2).
Location
Las Cuevas
top of Monkey Tail hill
1km west of Monkey Tail hill
Smokey Branch
south of Grano d’Oro

Number
5
20+
16+
2?
2?

Notes
A pair and a group of 3 seen several times
Each day, from dawn til dusk, feeding in groups of 2 to
5, but roosting in groups of 15+
Each day, from dawn til dusk, feeding and preening
heard on 23rd
heard on 23rd

3.3.2. Population size
The number of macaws in Belize is not known. Recent estimates have varied from thirty to
sixty birds (Mallory 1994, Mallory and Brokaw 1996, Bol and King 1996), and have
tended to be based on counts of large flocks, as it has been suggested that all or most of the
population may gather in a single flock after breeding (Mallory 1994). Prior to this study,
the largest reported flock of macaws in Belize was of 41 birds, but during the gathering of
indigenous knowledge, it was learnt that a flock of 61 birds had been reported by a group
of chicleros in 1997 (Table 3). Therefore, flocks previously considered “large” (ie 30 or
more birds) may actually consist of less than half the population.
During the present study, single flocks of 30 or more macaws were not
encountered, but several smaller flocks were located and studied. With several locations
being monitored simultaneously (20-23 July), 45 or more birds were observed in groups of
two to twenty-plus (Table 4), with further birds (13+) being reported during a separate
study along the Monkey Tail and Raspaculo Rivers by Matola and Sho (1998). There were
presumably other groups that were not recorded, but given that post-breeding flocking was
well-underway, this total of about 60 birds (similar to the largest reported flock size in
Belize), may well represent the majority of the Belizean macaw population. Therefore a
revised estimate of the macaw population of Belize should be of between 60 and 100
individuals.
3.3.3. Population structure
The few detailed studies that have been undertaken of parrots (including macaws) in the
wild have revealed that there is usually a large proportion (over 50%) of non-breeding
adults, many occurring as mated pairs defending territories (Beissinger and Snyder 1992).
Studies of large macaws (including the scarlet macaw) in pristine forest in Peru suggested
only 10-20% of the adult mated pairs attempted to nest in a given year (Munn 1988, 1992).
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Locating and monitoring individual nests was not possible during this study, but the strong
family bonds exhibited by macaws, and the timing of the study at the end of the nesting
season, allowed for estimations of population structure to be made through the observation
of family groups.
During June and July, 38% of observed groups were pairs, there were no
observations of single macaws, and even-numbered groups were more frequently noted
than odd-numbered groups (Fig. 7). This suggests that the majority of observations were of
paired macaws with no young, a hypothesis supported by two further sets of evidence.

Macaw group sizes, June-July 1998
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Fig. 7. Frequency of observations of different group sizes of macaws during June and July,
1998.
Observations of large macaws in Peru suggested that all sightings of groups of
three or four large macaws represented mated pairs with young fledged in the previous
breeding season (Munn 1992). During this study, observations of groups of three macaws
supported the view that these represented mated pairs with one young, as the third bird
often had a short tail (Fig. 8), but this was not apparent in groups of four birds. Also,
groups of three tended to stay together during observations, while groups of four or more
often split into
smaller groups (Fig. 8, Appendix 2), suggesting a lack of a family bond in groups of four
or more. It is likely, then, that groups of four macaws tended to represent two pairs with no
young, rather than one pair with two young. Therefore, if this assumption is correct, only
9% of observed non-flocking pairs were accompanied by a young bird.
The second set of evidence indicating a low reproductive rate was gathered through
observations of family groups within large flocks, avoiding the potential bias of multiple
sampling of one or a few family groups that may have occurred during observations of
separate family groups. Although identification of family bonds within flocks was much
more difficult than in small groups (Fig. 9), valuable data on population structure was
gathered by careful observation during social activities such as feeding, preening, or
gathering to roost. Virtually simultaneous observations at six locations in the Chiquibul
during July show that of a sample of at least 25 adult pairs, only 6 or 7 (24-28%) appear to
have produced young in 1998 (Table 5).
Considering that this sample represents between 56 and 93% of the estimated
population (see earlier), only 6 to 13 young macaws may have been successfully fledged in
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Belize during 1998. This estimate of 13-30% of adult pairs successfully fledging young,
though low, is actually slightly higher than the success rate of macaws in pristine forest in
Peru (Munn 1992), and may be considered more likely to be an overestimation than an
underestimation.

Fig. 8. Observations of group sizes and dynamics give valuable indications of population
structure. Most observations are of mated pairs with no young (a, b), while groups of three
usually consist of a pair with one young, recognisable by a short tail (c). Groups of four or
more tend to consist of more than one family group (d), and consequently exhibit more
fluid dynamics, often splitting into smaller groups (e).

Table 5
Young macaws reported in the Chiquibul, July 1998.
Date
20-23 July
20-22 July
20-22 July
14-21 July

Location
Las Cuevas
top of Monkey Tail hill
1km west of Monkey Tail hill
Monkey Tail or Raspaculo River

No of pairs
2
9+
7+
1

No of young
1
2
1 or 2
1

14-21 July

Monkey Tail or Raspaculo River

5?

0

5 July
July 1998

3km north of Palmar
Total

1
25+

1
6 or 7
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Source
Appendix 2
Appendix 2
Appendix 2
Matola and Sho
1998
Matola and Sho
1998
Appendix 2

Fig. 9. Within macaw flocks, recognising family bonds can be difficult, but with careful
observation of flock dynamics, such a large unreplicated sample can give a very precise
indication of population struvture.

3.3.4. Nesting
Ridgley (1981) believes that the requirement for a breeding population of scarlet macaws
is an adequate number of large trees with potential nesting cavities, while Munn (1988,
1992) found that large macaws in Peru had located and were utilising all the potential nest
sites in the study area, and consequently identified the shortage of nest sites as a major
factor limiting the reproductive rate of the population. All reported nest sites for scarlet
macaws are cavities in large or tall trees (see Appendix 3), most of which were living
(Roth 1987 in litt. to Forshaw 1989, Stiles and Skutch 1989), although a nest in a dead tree
was reported by Lowery and Dalquest (1951). The cavities may be natural or, in soft wood,
enlarged woodpecker holes (Stiles and Skutch 1989), and in Central America tend to be
located between 7 and 25 metres high (Huber 1933, Ridgley 1977 in litt. to Forshaw 1989,
Stiles and Skutch 1989). Scarlet macaws are large birds, with a length of 85 cm (Forshaw
1989), but the diameter of nest trees is rarely stated, with the exception of Lowery and
Dalquest (1951) who report that their tree had a diameter of 60 cm at the height of the
cavity.
Within the survey transects in broadleaf forest in the Chiquibul, three tree species
(sapodilla, nargusta and quamwood) accounted for 44% of trees greater than 60 cm dbh,
and for 51% of those greater than 70 cm dbh (Table 6). Therefore it is no surprise that the
macaw nest site reported in the Chiquibul by Meadows (in Mallory 1994) is in one of these
species, a quamwood. The density of large dead trees is very low (Table 6), and so may
provide only a few, if any, suitable nest sites.
It follows that the density of nest sites will be related to the density of large trees,
so spatially-related analysis of the distribution of different tree size-classes was used to
indicate the likely spatial distribution of suitable nest sites. It was found that the density of
different tree size-classes within broadleaf forest was significantly correlated to distance to
a river (Table 7). There were positive correlations with small trees (<30 cm dbh), no
correlations with medium-sized trees (30-50 cm dbh), and negative correlations with large
trees (>50 cm dbh). A closer look at the data shows that these relationships are not linear,
but rather that it is a very close proximity to a river that has the most significant influence
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(Fig. 10). Analysis of these transects as two separate samples shows that the transects
within 0.1 km of rivers had significantly higher densities of large trees (>50 cm dbh) than
those further than 0.1km (t = -8.71, df = 11, p <0.001). It may be predicted, then, that the
density of macaw nest sites will be highest near rivers.

Table 6
Mean densities (stems per 10 hectares) of the commonest large trees (>50 cm dbh)
recorded in 13 1ha transects located in broadleaf forest in the Chiquibul.
Genus
Manilkara
Dialium
Schizolobium
Terminalia
Spondias
Brosimum

Name
Sapodilla
Ironwood
Quamwood
Nargusta
Hog plum
Breadnut
Dead trees
Platymiscium Granadillo
Vitex
Fiddlewood
Ceiba
Ceiba
Total for all species

>50cm dbh
20.8
20.0
18.5
18.5
12.3
10.0
5.4
3.8
3.8
3.1
167.7

>60cm dbh
12.3
6.9
15.4
14.6
4.6
6.9
3.1
3.1
1.5
3.1
96.9

>70cm dbh
9.2
1.5
8.5
9.2
3.8
0.8
2.3
2.3
0.8
2.3
52.3

>100cm dbh
2.3
0.0
0.0
3.1
0.0
0.0
0.8
0.0
0.0
1.5
10.8

Table 7
Statistical analysis of density of trees of different size-classes, and number of species, with
relation to various independent site variables (broadleaf forest only).
Variable
vegetation
type
distance to
a river
distance
east
distance
north
distance to
Hattie

K
p
rs
p
rs
p
rs
p
rs
p

10-20
cm dbh
6.84
ns
0.89
**
0.05
ns
0.36
ns
0.15
ns

20-30
cm dbh
5.33
ns
0.59
*
-0.31
ns
-0.00
ns
-0.24
ns

30-40
cm dbh
6.54
ns
-0.03
ns
-0.75
**
-0.40
ns
0.18
ns

K - Kruskal-Wallis test statistic
rs - Spearman rank correlation coefficient
p - significance level
ns - not significant (p > 0.05)
* - p < 0.05
** - p < 0.01.

40-50
cm dbh
2.10
ns
-0.16
ns
-0.32
ns
-0.05
ns
-0.12
ns

50-60
cm dbh
4.58
ns
-0.77
**
-0.08
ns
-0.50
ns
-0.18
ns

60-70
cm dbh
7.79
ns
-0.81
**
-0.25
ns
-0.23
ns
0.02
ns

>70
cm dbh
4.52
ns
-0.73
*
-0.22
ns
-0.37
ns
0.05
ns

no. of
species
0.46
ns
0.11
ns
0.16
ns
-0.32
ns
-0.39
ns

Note: distance to Hattie refers to the distance
to the estimated path of hurricane
Hattie, 1961.
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Density of large trees (>50cm dbh)
in relation to distance to a river.
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Density of small trees (10-20cm dbh) in
relation to distance to a river.
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Fig. 10. The influence of proximity to a river on the density of (a) large trees (>50cm dbh)
and (b) small trees (10-20cm dbh) in the Chiquibul forest.
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Table 8
Trees identified as macaw food sources during field observations and the gathering of
indigenous knowledge.
Family
Species
Name
Source
Notes
Astronium graveolens
Anacardiaceae
Jobillo
b1
I
Spondias mombin
Anacardiaceae
Hog plum
a,b1
Protium copal
Burseraceae
White copal
b2
Dialium guianense
Caesalpiniaceae
Ironwood
a,b1,b2
Schizolobium parahybum
Caesalpiniaceae
Quamwood
a,b1,b2
II
Calophyllum brasiliense
Clusiaceae
Santa Maria
b1
Sloanea
Eleocarpaceae
Sloanea
b2
Sebastiana longicuspis
Euphorbiaceae
White poison wood a,b1
Ormosia
Fabaceae
John Crow Wood
b1
Pterocarpus
Fabaceae
Kaway
b1
Lauraceae
Laurel
b2
Inga
Mimosaceae
Bri bri
b2
III
Pithecelobium arboreum
Mimosaceae
Barbajolote
b1
Brosimum alicastrum
Moraceae
Breadnut
b1,b2
Ficus
Moraceae
Fig
b1,b2
Trophis
Moraceae
Red breadnut
b1
Pseudolmedia
Moraceae
Cherry
b2
Pimenta
Myrtaceae
All spice
b1
Orbignya cohune
Palmae
Cohune palm
a,b1,b2
Sabal mauritiiformis
Palmae
Botan palm
b1
Coccoloba belizensis
Polygonaceae
Wild grape
b1
Dipholis stevensonii
Sapotaceae
Faisan
b1
Manilkara
Sapotaceae
Sapodilla
b1
Pouteria amygdalina
Sapotaceae
Red sillion
b1
Pouteria campechiana
Sapotaceae
Mamey Ciruella
b1
Simaruba glauca
Simaroubaceae
Negrito
b1
Vitex gaumeri
Verbenaceae
Fiddlewood
a,b1,b2
Vochysia guatemalensis
Vochysiaceae
Yemeri/San Juan
b1
Sources: a - field observations; b - indigenous knowledge (b1 - N. Bol; b2 - A. Howe).
Notes: I - shoots eaten; II - seeds eaten; III - the Inga species that is found along rivers

3.3.5. Food sources
The diet of macaws consists mainly of seeds and unripe fruit pulp, and to a lesser extent
leaves or other vegetable matter (Munn 1988, 1992). Of all the parrots studied in Peru, the
scarlet macaw has the most varied diet, utilising at least 38 different plant species (Munn
1988). During the short period of field observations in this study, macaws were observed
feeding on six species of tree, while a further 22 tree species and 2 vine species were
identified as food sources during the gathering of indigenous knowledge. The 28 tree
species are given in Table 8.
In one of the exercises to gather indigenous knowledge, a matrix was produced to
illustrate the fruiting times of each of the tree species identified as food sources for
macaws (Fig. 3). This information was incorporated with the density data collected during
the tree survey, so that the availability of fruits over the course of a year could be estimated
(Fig. 11). By comparison with the seasonality of reported sightings of flocks of 20+
macaws in the Chiquibul (Table 9), it can be seen that flocks are most frequently reported
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in the Chiquibul between May and July, which corresponds to the time of highest food
availability, while there are no records of flocks in the Chiquibul during January and
February, the time of lowest food availability. However, the only report of a large flock in
the Cockscomb was in February, and so it is possible that the low density of fruiting
treesin the Chiquibul during January and February forces the macaw population to forage
into the Cockscomb basin.

Density of fruiting food trees through the year
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Fig. 11. Mean densities of trees (>10cm dbh) identified as food sources for macaws,
grouped by timing of fruiting. (The transect in pine forest was excluded from the analysis
as none of the identified food species were recorded from this site).

Table 9
Seasonality of reported sightings of flocks of 20+ macaws at various locations in the
Chiquibul forest, compared to the Cockscomb basin.
Jan Feb
Mar
Apr
May Jun Jul Aug Sep
Oct
Nov
Dec
Macal River
c2
Lower Raspaculo
c2
b3
Upper Raspaculo
c1
c2
Monkey Tail
c1
Las Cuevas
c1
c1
c1
Cockscomb
c2
Sources: b - indigenous knowledge (b3 - chicleros in conversation to N. Bol); c - literature review (c1 - Bol
and King 1996; c2 - Mallory 1994).

3.3.6. Human interference
There are very few permanent residents in the Chiquibul forest, although there are larger
numbers of short-term visitors, and there is no evidence of any direct impacts on the scarlet
macaws. However, the Cockscomb basin has larger numbers of people living in or adjacent
to the forest, and Matola (1998) reports the shooting of at least 7 pairs of macaw in the
area during February 1998. The scale, if any, of the trapping of wild macaws in Belize for
the live pet trade was not established.

33

3.3.7. Summary
The Chiquibul forest is the last remaining stronghold for scarlet macaws in Belize,
although the range of the population extends into the Cockscomb basin through a lowpoint in the Maya Mountain divide. The population is isolated from other macaws in
Central America, and with an estimated population size of just 60-100 birds, there is a very
limited gene pool. The reproductive rate of the population is low, with an estimated 1330% of adult pairs successfully fledging young in a given year. During 1998, only 6 to 13
young macaws may have been fledged in Belize. This low reproductive rate may be
attributable to a lack of suitable nest sites, with a low density of large trees in the
Chiquibul except in certain areas near rivers. Despite feeding on over thirty plant species, a
seasonal shortage of food sources may also have an effect on the population, with a low
density of fruiting trees in the Chiquibul during January and February. During these
months, the macaws may have to forage further to find sufficient food, and have been
reported in relatively large numbers in the Cockscomb basin during this time. It is in the
Cockscomb that human pressure on the population is most severe, with reports of several
macaws being shot in February 1998. The current research and education programme
being run by the Belize Zoo (Matola 1998) may appease this conflict, but this initiative
may have even greater success if the ecological factors determining macaw movements
between the Chiquibul and the Cockscomb are researched further.

3.4. Appraisal of the potential impacts of the management plan on the macaw
population
3.4.1. Management activities within the range of the macaws
Several of the Chiquibul management activities will be undertaken within the range of the
Belize macaw population, but a large proportion of the core area for the population is
zoned as protection forest (Figs. 12, 13). Therefore it can be hoped that the proposed
management of the Chiquibul will aid in the survival of the macaw population.
Munn (1992) proposes the utilisation of macaw licks in Peru as major tourism sites,
to attract significant sums of foreign income. It is unlikely that the scarlet macaws of the
Chiquibul could be utilised in the same way, firstly because their range does not extend
into the area of the Chiquibul zoned for tourism development (Figs. 12, 13), and secondly
because there are no sites equivalent to the macaw licks of Peru, where large numbers of
macaws gather in a daily and predictable manner.
Timber production will occur over much of the range of the macaws, including a
small proportion of the core area (Figs. 12, 13), and may have localised impacts on nest
sites or food availability.
3.4.2. Impacts on nest sites
With so few suitable nest sites in the Chiquibul, the protection of these sites may be crucial
to the survival of the macaw population. The exact location of the majority of nest sites has
not been established, but as most of the core area of the population occurs in forest
designated for protection, it can be hoped that most of the nest sites occur in protection
forest. With so few people in the forest, this should be sufficient protection for the
foreseeable future.
However, a few observations of young birds were made in areas designated for
timber production, suggesting that there may be nest sites located in these areas. These
nests are likely to be located in large trees that are of an acceptable harvesting diameter
(40-100 cm dbh, Bird 1994), and all of the commonest species of large tree as given in
Table 6 are considered to have commercial value (Martins 1996). Therefore it is probable
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that nest sites located in the production zone are in trees suitable for future harvesting.
With so few trees supporting suitable nest sites, the economic loss of not harvesting these
trees will be negligible, while the conservation value for the macaw population will be
considerable. Therefore any trees with macaw nest sites should not be harvested. However,
this will require the identification of such trees prior to harvest. The ideal time to locate
these trees would be during compartmental stock surveys, but unless this is undertaken at a
time when the nest is in use, and the macaws behave in such a way as to advertise the
location of their nest, it is probable that a nest site will be overlooked. Therefore it may be
necessary to undertake a specific survey to locate nest sites within production areas of the
Forest Reserve. This is likely to be a time-consuming task, and beyond the resources of the
Forest Department or the logging concessionaires, so may need to be undertaken with
funding from an external conservation fund or organisation.
Potential future nest sites (ie trees with cavities that are as yet too small to be
utilised) may well be removed or damaged during logging operations, but there is no
practical way to avoid this. However, to compensate, the possibility of erecting artificial
nest sites should be considered. Munn (1988, 1992) reports some success with providing
artificial nest boxes for large macaws in Peru, but found that the design of the box and the
height above ground were critical for success. Should the correct parameters be established
for the scarlet macaws of Belize, the erection of nest boxes in protection forest in the
Chiquibul may sustain or even increase the reproductive rate of the population.
3.4.3. Impacts on food availability
The only impact of management activities on food availability may arise from the logging
operation, but with just 1000 hectares being logged a year, at a harvest intensity of about
six trees per hectare (Bird 1994) (although with damage to an estimated 30% of the
remaining stand, Uhl and Viera 1989), this impact can be expected to be of minor
significance. The main conflict would be if a particularly important food tree was highly
selectively cut from the forest (Johns 1992). If indeed there is a seasonal shortage of
fruiting trees, then it would be those species that fruit during this period that may be
considered of the most importance. The species identified by the gathering of
indigenousknowledge as fruiting during the period of lowest fruit availability are all
considered to have some commercial value, but are not highly desirable species, and the
majority of the trees of these species recorded in the transects were less than the minimum
cutting diameter of 40 cm dbh (Table 10). Therefore these species are unlikely to be overexploited during logging operations.
Table 10
Mean densities (from transects in broadleaf forest) of trees that macaws may feed on
during the period of lowest fruit availability (Jan-Feb).
Name
Commercial group
Density per ha Density per ha
(after Martins 1996)
<40 cm dbh
>40 cm dbh
Faisan
3
3.5
0.2
Red sillion
3
2.0
0.2
Red breadnut
3
1.5
0
Fig
3 or 5
1.2
0.3
Total
8.2
0.7
Note: Commercial group on a scale of 1 (elite) to 5 (no value).
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Fig. 12. Endangered species distributions and management zones in the Chiquibul forest.
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Fig. 13: Management activities zoned to occur within the estimated ranges of endangered
species in the Chiquibul forest.
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3.5. Appraisal of the potential impacts of the management plan on other endangered
species
3.5.1. Ocellated turkey
The ocellated turkey (Meleagris ocellata) is a striking forest bird that is endemic to the
Yucatan Peninsula, with the Chiquibul forest of Belize representing the south-eastern limit
of its range. In Guatemala the species has been listed on Appendix II of CITES, with the
main threats thought to be the live animal trade and hunting pressure for food (del Hago et
al. 1994), while in Belize it is considered to have suffered a serious decline in the 1980s,
possibly caused by disease (Dora Weyer in Collar and Andrew 1988).
The preferred habitat of the ocellated turkey is forest with open grassy clearings
(Steadman et al. 1979, del Hago et al. 1994). Consequently, they are most commonly seen
in the Chiquibul in the two major man-made clearings, these being the Caracol
Archaeological site and the Las Cuevas Research Station, and are also regularly seen on
the major tracks from these sites north into the Mountain Pine Ridge. The estimated range
of the ocellated turkey in the Chiquibul, based on field observations, indigenous
knowledge, and the literature review, is illustrated in Fig. 12.
A large proportion of the estimated range of the ocellated turkey in the Chiquibul
will be managed for timber production or tourism development (Figs. 12, 13). Given the
preference of turkeys for forest with grassy clearings, these management activities should
not have a detrimental impact on the Chiquibul population. However, the improved access
to the forest that will result from the development of a road network to serve these
activities, coupled with the increase in the numbers of people working in the forest, may
result in an increase in the hunting pressure exerted on the turkeys, one of the tastier forest
meats. The turkeys frequently spend much of their time on the forest tracks, and are
usually very tolerant of the presence of humans (Fig. 14). Therefore, despite being
protected by law in Belize, they may well be hunted to a greater extent than other forest
animals, and it is doubtful if the population is of a sufficient extent to withstand regular
hunting pressure.
It may be necessary, then, to take measures to monitor the hunting activities in the
Chiquibul, and in particular to prevent the hunting of turkeys.

Fig. 14. Ocellated turkeys (a) spend much of their time in open areas in the forest, such as
roads, and are relatively tolerant of humans (b). Therefore they are particularly susceptible
to hunting pressure.
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3.5.2. Southern river otter
The southern river otter (Lutra longicaudis), known in Belize as “Water dog”, is
considered as endangered in the Red Data Book, and is listed under Appendix I of CITES,
but its status across its range is generally unclear (Emmons and Freer 1990). The species
has a preference for clear, fast-flowing rivers and streams, and within the Chiquibul,
healthy populations have been reported on the Upper and Lower Raspaculo rivers (Hartop
1994, Matola et al. 1994). Staff of the Las Cuevas Research Station have also encountered
them on several occasions along the Monkey Tail River (A. Monro pers. comm.), the
Chiquibul River (pers. obs.), and the Macal River (N. Bol pers. comm., O. Lewis pers.
comm.). Based on these observations, the estimated distribution of otters in the Chiquibul
is given in Fig. 12.
Most of these rivers are in areas zoned as protection forest (Figs. 12, 13), primarily
for the management objective of watershed protection (Bird 1997), but this zonation has
the added benefit of offering protection to riverine species such as the otter. Therefore the
only major threat to the otters of the Chiquibul appears to be the proposed hydro-electric
feeder dam, that may be built along the Lower Raspaculo or the Macal River (Rogers and
Sutton 1994). This project would significantly impact the hydrological dynamics of a large
catchment area, and may well eliminate otters from certain affected areas.

4. Conclusions
The multiple-objective management plan for the Chiquibul forest of Belize was designed
to provide socio-economic benefits to the local and national communities, while also
ensuring the protection of the environment and the conservation of biological diversity. As
one management objective may conflict with another, compromises have to be made, and
this was achieved through zonation of the forest for separate objectives. Environmental
protection and biodiversity conservation may be regarded as mutually compatible
management objectives, and in the case of the Chiquibul, the zonation of a large proportion
of the forest for watershed protection appears also to be beneficial for the conservation of
several of the endangered species of the area.
The only population of scarlet macaws in the country has been shown to centre its
distribution and activities on the Raspaculo basin of the Chiquibul, and this basin is almost
completely zoned as protection forest. This is encouraging in terms of the future survival
of these magnificent forest birds, but the low reproductive rate of the population leads to
recommendations that any nest sites that are situated in areas zoned for other objectives,
most significantly selection logging, should be located and afforded protection. Further
measures aimed at maintaining, or even increasing, the reproductive rate of the population
should also be considered.
Often, the indirect impacts of management can be of more significance than
the direct impacts, particularly due to the increased access to and use of the forest (eg
Watson 1996). It is recommended, therefore, that management-related activities be
monitored, especially the hunting of endangered species. A small-scale education
programme aimed at forest-users may also be desirable, in order to advertise the impacts of
hunting on endangered species, particularly traditional bush meats such as the ocellated
turkey.
Belize is in the fortunate position of having a large proportion of its land surface
still forested, and as such has an opportunity to develop natural forest management that
satisfies the multiple-objectives of providing socio-economic benefits, environmental
protection and biodiversity conservation. The Chiquibul forest is an example of such
management in practice, and the location of a research station in the heart of the forest
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provides an ideal base for assessing the long-term success of the various activities and
objectives, particularly in the mapping and monitoring of biological diversity. The
utilisation of various data-collection techniques, from the gathering of indigenous
knowledge to the use of GIS technology for biological survey design, analysis and
extrapolation, has been shown to provide biological diversity information of relevance to
practical forest management. In so doing, the prospects for the conservation of the rich
biological diversity of Belize have been enhanced.
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Appendix 1.
Range and status of scarlet macaw populations in Central America over time.
Country
America
Central
America
Central
America
Middle
America
South
America
South
Belize
Belize

1964 central

Belize

Belize

1964 upper parts of South
Stann Creek
1964 near Hummingbird
Highway
1964 Eastern Branch of Belize
River
1981

Belize

1981

prob still found
locally
quite rare

Belize

1986 Chiquibul

uncommon

Belize
Belize

Date Region
1981

1981 remote regions

Notes
generally in more deciduous forest; replaced in
humid regions by A. ambigua, Buffons macaw
rare to uncommon but see map; humid evergreen forest; may vanish from
very local
northern Central America within a few years
seriously threatened catastrophic declines, survival in several countries
seriously threatened
common
little disturbed, protected reserves

1981 Amazonia & Guinanas

widespread

1964 Mountain Pine Ridge

present

1995 Atlantic slope from E
Chiapas to Honduras
1981

Status

no recent info

Reference
Ridgley 1981 in
Forshaw 1989
Howell & Webb
1995
Ridgley 1981 in
Forshaw 1989
Ridgley 1981 in
Forshaw 1989
Ridgley 1981 in
Forshaw 1989
Russell 1964 in
Mallory 1994
Russell 1964 in
Mallory 1994
Russell 1964 in
Mallory 1994
Russell 1964 in
Mallory 1994
Russell 1964 in
Mallory 1994
Ridgley 1981

reports almost exclusively from Guacamallo River
region
not found elsewhere in Belize

Eitniear 1981 in
Forshaw 1989
Wood et al 1986

lowland forest or higher ground; replaced in
swampy areas by A ararauna, blue & yellow

uninhabited headwaters of many of the larger
streams
present
present
present
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Country
Belize
Belize

Status
perm resident &
probable breeding
1993 Chiquibul & Cockscomb 30-60 birds?

Belize

1993 Swazey Bowl

Belize

1993 elsewhere

Belize
Belize

1994 Chiquibul
1994 Columbia Forest
Reserve
1994 Upper Bladen Branch
watershed
1995 Chiquibul

Belize
Belize

Date Region
1987 Cockscomb

Costa Rica

Notes
closed-canopy, forest margins, riverine habitats
large areas of contiguous forest

one record of flock of
24+
absent

Reference
Kamstra 1987 in
Mallory 1994
Mallory &
Brokaw 1996
Mallory 1994

31+ birds
apparently absent

Mallory &
Brokaw 1996
Mallory 1994
Mallory 1994

apparently absent

Mallory 1994

>40 birds

Bol & King
1996
Stiles & Skutch
1989
Stiles & Skutch
1989
Stiles & Skutch
1989
Slud 1964 in
Forshaw 1989
Slud 1964 in
Forshaw 1989
Ridgley in litt to
Forshaw 1989
Ridgley 1981

1900 Carib & Pacific
lowlands
Costa Rica 1950 Carib slope except NW
(E to Rio Frio district)
Costa Rica 1950 Pacific slope

abundant

Costa Rica

1964 Pacific slope

Costa Rica

1964 Caribbean slope

Costa Rica

1977

Costa Rica

1981 southwest

commonly & widely
distributed
inhabits a few areas crossed over low points in continetal divide from
Pacific slope
declined greatly
now only locally and usually in small, scattered
parties
virtually gone
except Osa Peninsula

gone
still common
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Country
Date Region
Costa Rica 1981 Pacific slope

Status
marked decline

Notes
few small relict populations in Guanacaste, several
perhaps too small to be viable in the long term
large stable popn
remote; protected by Corcovado National Park
tropical deciduous or evergreen (not subtrop or
montane evergreen); prefers forest canopy, forest
edge, (not forest interior, non-forest, aerial); needs
at least patchy forest (not almost solid forest or does
not need forest)
favoured nesting trees dry forests
common
favoured nesting trees moist forests; doubtful if ever common resident in
rare
Caribbean lowlands
larger populations

Costa Rica
Costa Rica

1981 Osa Peninsula
1985

Costa Rica

1986 Pacific coast

Costa Rica

1986 Caribbean slopes

Costa Rica

1989 Peninsula de Osa

Costa Rica

1989 Peninsula de Osa

Costa Rica

1989

Costa Rica

1989 extreme NW Carib slope a few pairs

Costa Rica

1989 Carara

larger populations

Costa Rica

1989 Guanacaste

a few pairs

El Salvador 1938 south-east

Corcovado National Park most important site,
perhaps in Central America
solid or patchy deciduous or evergreen forests,
locally to 800m

resident

almost unihabited; not resident elsewhere
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Reference
Ridgley 1981
Ridgley 1981
Stiles 1985

Duffy in litt to
Forshaw 1989
Duffy in litt to
Forshaw 1989
Stiles & Skutch
1989
Forshaw 1989
Stiles & Skutch
1989
Stiles & Skutch
1989
Stiles & Skutch
1989
Stiles & Skutch
1989
Dickey & van
Rossem 1938 in
Forshaw 1989

Country
Date Region
El Salvador 1978

Status
extinct

Notes
most densley populated nation in Latin America

El Salvador 1989 south-east

almost certainly
totally extirpated
apparently more
numerous

region now densely settled

Reference
Thurber 1978 in
Ridgley 1981
Forshaw 1989

see map; remote areas, eg Usumacinta River

Land 1970

large trees & dense woodland, esp along
watercourses, upto 900m
see map
mid-Dec, almost 80 seen in one day on Rio de la
Pasion, incl post-breeding flock of 49

Land 1970

Guatemala

1970 western Peten

Guatemala

1970

Guatemala
Guatemala

1970 lowlands
1975 Sayaxche region

Guatemala
Guatemala
Guatemala
Guatemala
Honduras

1981
1981
1981
1981
1958

Honduras

Honduras
Mexico

Mexico

uncommon

Tikal
Gulf lowlands
Pacific slope
western Peten

absent
declining rapidly
extirpated
numerous
very widespread
occurence
1981 Caribbean slope in s & e quite numerous

1981 Pacific slope
1953 Gulf slope lowlands
(Veracruz, Campeche,
Tabasco)
1972 s.Veracruz to
Chiapas(both slopes) &
Campeche

region opening up and being settled
gradually being opened up to development
surveys in 1958
wild and remote regions; Rio Platano Biosphere
Reserve protects habitat of a large popn, one of
most important in middle america

disappeared
often conspicuously
common

humid lowland forests; (southern Tamaulipas,
Veracruz, Tabasco, Campeche, Oaxaca, Chiapas)

rare

lowland forests, usually below 3000ft

47

Land 1970
Ridgley in
Forshaw 1989
Ridgley 1981
Ridgley 1981
Ridgley 1981
Ridgley 1981
Monroe 1968 in
Forshaw 1989
Ridgley 1981

Ridgley 1981
Blake 1953

Davis 1972

Country
Mexico

Date Region
1972

Mexico

1973

Mexico
Mexico

1981
1981

Mexico
Mexico

1981
1981

Mexico
Mexico

1981
1981

Nicaragua
Nicaragua

1950s
1981

Nicaragua
Panama

1981
1968

Panama

1968

Status
rare

Notes
secluded portions of dense rainforest, occasionaly
more open areas, part river edges

Reference
Edwards 1972
in Forshaw
1989
s.Veracruz, Oaxaca,
rare, local
tall deciduous trees of lowland forests, savannas & Peterson &
Chalif 1973
Chiapas
watercourses; also recorded s.Tamaulipas,
s.Campeche
declining
since 1930s contraction of range
Ridgley 1981
Selva Lacandona, se
viable population
previosly remote region, now accessible by dirt
Ridgley 1981
Chiapas
road, colonists moving in
pacific coast of Chiapas now absent
Ridgley 1981
Oaxaca
is, or will be shortly,
Ridgley 1981
extirpated
southern Tamaulipas
absent since C19
Ridgley 1981
virtually gone
scattered birds prob exist locally, but forest
Ridgley 1981
Gulf slope lowlands
destruction means no population likely to be viable
(Veracruz, Campeche,
Tabasco)
Pacific slope
small numbers
Ridgley 1981
northeastern lowlands
presumably
largely uninhabited
Ridgley 1981
undiminished
Pacific slope
virtually extinct
Ridgley 1981
Isla Coiba
present
Wetmore 1968
in Forshaw
1989
Caribbean slope of Canal formerly present
Wetmore 1968
Zone
in Forshaw
1989
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Country
Panama

Date Region
1968 w Chiriqui

Panama

1968 sw Los Santos

Panama

1976 most areas

Panama
Panama
Panama
Panama
Panama

1976
1976
1976
1976
1976

Panama
Panama

1976 eastern
1981 Isla Coiba

Panama

1981 Azeuro Peninsula

Panama
Panama

1981 mainland
1989 mainland

Isla Coiba
Azeuro Peninsula
western Los Santos
western Chiriqui
Isla Coiba

Status
formerly present

Notes

Reference
Wetmore 1968
in Forshaw
1989
present in lower
Wetmore 1968
Azuero Peninsula
in Forshaw
1989
favours light & gallery woodland & savannahs, not Ridgley 1976
humid forest; formerly widespread on Pacific slope,
and known to have occurred on Caribbean slope of
Land Zone
fairly common
Ridgley 1976
found regularly
sw corner
Ridgley 1976
small numbers
Ridgley 1976
possibly a few survive (wanderes from sw CostaRica?)
Ridgley 1976
numerous &
forested areas; particularly common in southern
Ridgley in litt to
widespread
half, almost undisturbed
Forshaw 1989
no records
Ridgley 1976
Ridgley 1981
abundant
protected by islands status as a penal colony,
settlement and most hunting prohibited - status may
be altered
small numbers
remote sw corner
Ridgley 1981
persist?
almost extinct
formerly widespread on Pacific slope
Ridgley 1981
Ridgley &
extirpated except
undisturbed deciduous forest; elsewhere also in
Gwynne 1989
Azuro Peninsula
continuous humis lowland forest & gallery
woodland; during non-breeding season gather in
larger flocks than other macaws
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Country
Panama

Date Region
1989 Azuero Peninsula

Status
a few perist

Panama

1989 Isla Coiba

still common

Notes
remote sw corner, mostly in still-forested districts
inland from immediate coast

Reference
Ridgley &
Gwynne 1989
Ridgley &
Gwynne 1989
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Appendix 2.
Scarlet macaw observations in the Chiquibul forest, Feb-Jul 1998
(a) Observations at Las Cuevas.
Date
Time Number Comments
03/02/98 09:50
3
fly over Cuevas going east
10/02/98 08:30
2
fly north of Cuevas going north-west
23/02/98 16:15
3
fly north of Cuevas going east
11/03/98 17:10
3
fly west over Cuevas
15/03/98 15:45
4
2 pairs fly west over Cuevas
29/03/98 08:45
2
fly from west going east
06/04/98 17:20
2
land on quamwood on east side of clearing for
a few minutes then fly to jobillo tree before
flying off west
14/04/98 10:30
2
land on jobillo tree at 10:30, stay til 15:15 the
fly off west
15/04/98
2
similar movement to 14/4/98
16/04/98
2
similar movement to 14/4/98
17/04/98
2
similar movement to 14/4/98
20/04/98 14:35
6
land in jobillo tree for a few seconds then fly
south
21/04/98 10:00
2
fly from west, land in jobillo tree, fly east 12
noon
23/04/98 12:00
2
in jobillo tree, still present at 13:45
23/04/98 13:45
10 5 pairs from east, 3 pairs land in jobillo
(joining pair already there), other 2 pairs
continue flying west low over canopy
24/04/98 08:08
4
fly low over canopy approx 200m west of
Cuevas
28/04/98 12:00
6
in jobillo tree for 2-3 hours around noon
29/04/98 10:15
15 fly north of Cuevas going east
30/04/98 16:15
6
fly west of Cuevas going north
01/05/98 09:25
6
fly over Cuevas going west
06/06/98 06:45
2
arrive from south of Cuevas, settle in jobillo
tree for 10 minutes, fly off west
06/06/98 18:00
2
arrive from south-west of Cuevas, settle in
jobillo for 2 minutes, fly off west
07/06/98 05:30
2
fly east, north of Cuevas
09/06/98 07:00
11 4 pairs and a three fly south west, south of
Cuevas
10/06/98 18:30
2
fly over Cuevas
11/06/98 07:30
6
fly south of Cuevas
16/06/98 05:30
6
fly west, south of Cuevas
17/06/98 11:00
2
in jobillo tree til 14:40, fly off south-west
18/06/98 am/pm
2
in jobillo tree much of the day
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Observer
Nicodemus Bol
Nicodemus Bol
Nicodemus Bol
Celia Bol
Celia Bol
Celia Bol
Celia Bol

Nicodemus Bol
Nicodemus Bol
Nicodemus Bol
Nicodemus Bol
Celia Bol
Celia Bol
Owen Lewis
Owen Lewis

Owen Lewis
Owen Lewis
Nicodemus Bol
Nicodemus Bol
Nicodemus Bol
Tony King
Tony King
Tony King
Nicodemus Bol
Nicodemus Bol
Nicodemus Bol
Nicodemus Bol
Tony King
Tony King

Date
Time Number Comments
19/06/98 07:15
2
fly from south to north of Cuevas
19/06/98 07:30
2
fly from north east of Cuevas towards southwest
19/06/98 am/pm
2
in jobillo tree much of the day, one sometimes
flying to the fig tree for a while
20/06/98 10:30
macaw heard along Monkey Tail trail, 1km
east of Cuevas
20/06/98 17:30
2
fly east from Cuevas
21/06/98 09:15
10 5 pairs fly from south-west of Cuevas to
south-east corner, then turn and fly south
21/06/98 09:30
4
2 pairs in trees to south of Cuevas, fly off east
10:30
21/06/98 17:45
4
2 pairs fly east, north of Cuevas
21/06/98 18:25
6
2 pairs fly from southwest of Cuevas, joined
by pair from jobillo tree, all fly off north
22/06/98 08:15
7
7+ macaw flying around and settling in
various trees just south of Cuevas, in dynamic
groups of 1 to 5; in jobillo, leafless tree
behind barbajolote, leafless tree behind sw
corner
22/06/98 09:00
5
in leafless cedar behind sw corner of clearing,
raining so little activity
22/06/98 10:30
6
3 still in cedar, 3 in tree to east of cedar, still
raining so no movement til rain stops at 13:45
22/06/98 13:45
11 4 pairs plus a group of 3 or a pair and a single
flying around and settling in various trees to
south and west of clearing. A lot of calling
and interaction between groups
22/06/98 15:00
10 2 in leafless Ceiba behind barbajolote, then 8
(3,1,2,2) fly from sw of Cuevas, fly south
from Cuevas
22/06/98 15:20
6
3 pairs fly from west of Cuevas, around north
edge of clearing, then turn south. One pair
stop for a few minutes in jobillo tree.
22/06/98 17:00
8
several pairs (8+ birds) flying around til
18:00, vocalising a lot, settling in various
trees to south of clearing
23/06/98 13:15
9
9 or more in trees to southeast of clearing,
very little vocalising
27/06/98 05:30
8
8+ macaw flying around Cuevas
27/06/98 06:00
4
2 pairs in leafless tree to se of clearing,
hanging upside down by one leg and
playing/fighting with partner
27/06/98 08:00
8
in fiddlewood to north of clearing, eating
fruit/seeds
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Observer
Tony King
Tony King
Tony King
Tony King
Tony King
Tony King
Tony King
Tony King
Tony King
Tony King

Tony King
Tony King
Tony King

Tony King

Tony King

Tony King

Tony King
Nicodemus Bol
Tony King

Nicodemus Bol

Date
Time Number Comments
Observer
27/06/98 12:30
15 sitting quietly in jobillo
Tony King
27/06/98 16:30
8
2 vocalising in tree to se of Cuevas, 3 pairs fly Tony King
south, east of Cuevas
27/06/98 17:30
4
eating in fiddlewood
Nicodemus Bol
28/06/98
12 around clearing
Celia Bol
28/06/98 14:50
heard in FPMP plot
Owen Lewis
29/06/98
5
2-5 macaws around during the day, sometimes Tony King
feeding in fiddlewood, sometimes just sitting
in jobillo and other trees
30/06/98
4
2-4 macaw around clearing
Tony King
01/07/98 10:45
6
3 pairs in jobillo tree, 1 pair fly off east, others Tony King
remain in tree
01/07/98 18:00
2
fly east, over Cuevas
Tony King
02/07/98 11:45
2
fly from west of Cuevas, land in jobillo tree, Tony King
stay til 13:50
Tony King
02/07/98 12:45
2
another pair, vocalising in fig tree, before
flying to another tree out of view to northwest
of Cuevas
02/07/98 16:00
4
2 pairs in jobillo tree, fly off west 16:20
Tony King
04/07/98 10:45
4
2 pairs feeding in fiddlewood
Tony King
18/07/98 06:00
4
2 pairs fly north-east over Cuevas
Tony King
18/07/98 07:27
2
1 pair fly east, 2km east of Cuevas
Owen Lewis
18/07/98 15:00
heard (1 pair?) north of Cuevas
Tony King
18/07/98 17:00
2
1 pair fly east, north of Cuevas
Nicodemus Bol
18/07/98 18:15
3
at dusk, 3 fly from west of Cuevas, turn and Tony King
fly south from Cuevas. 3rd bird has a shorter
tail than the pair, and was a bit mixed up when
changing direction at Cuevas
19/07/98 05:40
4
in leafless tree behind Barbajolote
Nicodemus Bol
19/07/98 08:50
2
1 pair fly from east of Cuevas, land briefly in Tony King
jobillo, fly off west-north-west
20/07/98 06:00
2
in leafless tree to se of Cuevas, more (1 pair?) Nicodemus Bol
heard nearby
21/07/98 06:00
heard north of Cuevas
Tony King
22/07/98 08:20
2 groups (pairs?) heard flying over track 200m Owen Lewis
east of Cuevas
22/07/98 15:00
2
fly south over Cuevas
Owen Lewis
22/07/98 16:00
2
fly south, west of Cuevas
Nicodemus Bol
22/07/98 17:00
2
fly east, north of Cuevas
Nicodemus Bol
22/07/98 17:30
heard se of Cuevas
Tony King
22/07/98 18:45
3
fly west, south of Cuevas; one with short tail Nicodemus Bol
23/07/98 11:30
5
a pair and a 3 land in jobillo
Owen Lewis
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(b) Observations at or towards Monkey Tail River.
Date
Time Number Comments
Observer
14/06/98 11:00
2
fly west over Monkey Tail River
Tony King
28/06/98 08:50
4
2 pairs fly south over Monkey Tail track, 2.5km Owen Lewis
east of Cuevas
30/06/98 08:45
2
1 pair flew west over Monkey Tail track, at top of Tony King
hill before Monkey Tail river
01/07/98 14:15
heard east of Monkey Tail ruins
Tony King
03/07/98 09:00
1 or 2 pairs fly over Monkey Tail track, 2.5km
Owen Lewis
east of Cuevas
06/07/98 16:00
heard (1 pair?) at Monkey Tail River, downstream Tony King
of Raleigh camp
18/07/98 07:00
2
1 pair on top of hill before Monkey Tail River,
Tony King
one in quamwood, one in jobillo, fly off together
18/07/98 07:05
2
1 pair in Cecropia tree on top of hill before
Tony King
Monkey Tail river, others (1 pair?) heard nearby.
18/07/98 09:45
several (4 pairs?) heard at Monkey Tail river,
Tony King
500m downstream of Raleigh camp
Tony King
20/07/98 16:00
5
on top of hill before the river (BP 928517),
feeding on cohune nuts and adjacent hog plum
fruits, settling to eat the nuts in the hog plum, on
the cohune leaves, or on a tall thin leafless tree
behind the cohune; others heard vocalising in
several (3 at once) separate locations nearby
20/07/98 17:00
4
on top of hill before the river, 1 pair in quamwood Tony King
and flying to nearby cohune tree to collect nuts,
the other pair eating cohune nuts in the same
cecropia tree a pair was seen in two days previous
20/07/98 18:00
2
on top of hill before the river, inspecting a small Tony King
(30cmx5cm) hollow 10m up in the trunk of a live
tree, 45cm dbh
20/07/98 18:30
13 on top of hill before the river, just before dusk, fly Tony King
off south in groups of 7 (2,1,3,1), 4 (2 pairs) and 2
(1 pair); more heard vocalising in at least 3
locations to nw.
Tony King
20/07/98 18:45
7
1km west of top of hill, almost dark, 3 fly west
over track, followed by 2 pairs from trackside tree;
very vocal, disturbing roosting flock of about 20
swallow-tailed kites
21/07/98 16:30
14 on top of hill before the river, 4 pairs and 2 threes Tony King
in various quamwoods, with more heard in 3
locations nearby. One eating a cohune nut
21/07/98 18:15
15 on top of hill before the river, 6 pairs and 1 three Tony King
gather in one quamwood, then fly off together
towards river just before dusk. More heard neaby.
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Date
Time Number Comments
21/07/98 18:30
heard 1km west of top of hill, same location as 7
seen previous evening (BP 920516)
22/07/98 08:15
7
1km west of top of hill (BP 920516), a pair and a
three in quamwood, one feeding on quamwood
seeds, another pair fly over track, 2+ more groups
heard nearby
22/07/98 08:45
5
1km west of top of hill, 2 in large ironwood
(>50cm dbh) with fruit, 3 in large unidentified tree
22/07/98 09:30
15 1km west of top of hill, 9 (including one quiet
with short tail) in large barbajolote (>100cm dbh),
3 disturbed (from ironwood?) 50m west, 2 feeding
in quamwood, 1 feeding in another ironwood
22/07/98 10:15
9
on top of hill before river, 4 sitting quietly in
quamwood, a pair and a three fly north over track,
more heard in 2+ locations nearby
22/07/98 12:30
7
1km west of top of hill, young one still in
barbajolote with 6 adults, others heard nearby
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Observer
Tony King
Tony King

Tony King
Tony King

Tony King

Tony King

(c) Observations at other locations in the Chiquibul.
Date
Time Location
Number Comments
04/02/98 15:30 San Pastor
2 fly over San Pastor going south
21/02/98 15:50 San Pastor
3 fly around San Pastor hill for
about 15 minutes then pitch on
quamwood
09/04/98
San Pastor
2 fly south, close to tower
24/04/98 am
San Pastor
2 fly from east to west, north of
tower
25/04/98 08:30 Los Lirios
2 2 feeding on White Posion Wood
fruits between Los Lirios and
Grano d'Oro
25/04/98 16:00 Los Lirios
2 as at 08:30
07/06/98 15:45 Los Lirios
2 in tree near Los Lirios, stay close
to original location when
disturbed twice
08/06/98 16:45 Grano d'Oro
heard north-east of FPMP plot
14/06/98 16:30 Christina
7 3 pairs and a single at Ceiba tree
near Christina camp
16/06/98 08:30 Christina
2 in moho tree by Ceiba
20/06/98 16:30 San Pastor
macaw heard from FPMP plot
21/06/98 12:30 Millionario
2 fly northwest, 2.5km north of
Millionario
27/06/98 12:15 Millionario
2 by road between Millionario and
Cuevas
27/06/98 14:30 San Pastor
macaw heard at San Pastor camp
27/06/98 16:00 San Pastor
macaw heard at San Pastor camp
30/06/98 08:00 San Pastor
6 3 pairs flew over San Pastor track
near FPMP plot
05/07/98 16:30 Palmar
3 in dead nargusta, 3km north of
Palmar (BP 804333), fly off east
23/07/98 am
Grano d'Oro
heard (1 pair?) south of Grano
23/07/98 am
Smokey
heard (1 pair?)
River
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Observer
Nicodemus Bol
Nicodemus Bol

Nicodemus Bol
WFM
Owen Lewis

Owen Lewis
Tony King

Tony King
Celia Bol
Dave
Tony King
Tony King
Nicodemus Bol
Tony King
Tony King
Owen Lewis
Nicodemus Bol
Bob Johnston
Bob Johnston

Appendix 3.
Details of macaw nest sites reported in the literature.
Macaw Country
Scarlet Belize
Scarlet Brazil
Scarlet Brazil

Scarlet Costa Rica
Scarlet Costa Rica
Scarlet Costa Rica

Scarlet Costa Rica

Scarlet Mexico

Scarlet Nicaragua
Red &
green
Blue &
yellow
large
large

Peru

Peru
Peru

large

Peru

large

Peru

Peru

Tree
Size
Schizolobium large

Notes

Source
Meadows in
Mallory 1994
mostly living tall
normally 25-40m above
Roth 1987 in litt to
ground
Forshaw 1989
Roth 1987 in litt to
tall
approx 25m high, forest
edge, estimate hole 60-70cm Forshaw 1989
long, 30cm wide
live
tall
mostly 7-25m up, natural
Stiles & Skutch
cavities
1989
softwood
tall
mostly 7-25m up, in
Stiles & Skutch
enlarged woodpecker holes 1989
Sterculia
tall
natural cavity approx 20m Ridgely 1977 in
litt to Forshaw
apetela
above ground, beside dry
1989
watercourse
Duffy 1986 in litt
tall
favour tall, straight, clean
to Forshaw 1989
trunks devoid of vines or
epiphytes
dead
>60cm hollow in trunk of dead tree, Lowery &
Dalquest 1951 in
diameter about 10m from ground,
Forshaw 1989,
where diameter = 60cm
Low 1990
large
hollow, 16m from ground, Huber 1933 in
straight down trunk
Forshaw 1989
live hardwood 55m tall 25m above ground, in bole Munn 1992

dead palm
trunks
nest boxes
>13m above ground
Iriartea
35+m tall dead
ventricosa
Callicophyllum
hardwood
spruceanum
Dipteryx alata
hardwood

Munn 1992
Munn 1992
Munn 1992
Munn 1992
Munn 1992
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Appendix 4.
Summary of the results of the tree survey
(a) Transect site details.
Site
code
Abto

Location

UTM

behind big hill of Arabato

CCR

by Rio Ceibo Chico

Dist. to Site notes
river (km)
BP 785384
1.1
lots of warree cohune,
last 15m on steep hillside
BP 766310
0.02
warree cohune, rare palm

CG

by Rio Ceibo Grande

BP 766312

0.1

ChiqR on south bank of Chiquibul River, BP 791396
by road near Resumadero
CR
50m south of Cohune Ridge Camp BP 767605

0.04

Gd'O

6.8

300m north of Grano d'Oro camp

BP 842444

5.8

1km east of Las Cuevas
2.5km north of Millionario, at
quarry
MTe from 250m south-east of Monkey
Tail River, awy from river
MTRe along east bank of Monkey Tail
River
MTRw along west bank of Monkey Tail
river by road
MTw east of Monkey Tail ruins

BP 893507
BP 855555

2.1
8.2

BP 944517

0.4

BP 940519

0.01

BP 935514

0.05

BP 920516

1.3

SP

500m north of San Pastor Camp

BP 880493

1.7

SPPR

in San Pastor Pine Ridge

BP 895446

2.6

LC
Mllo

T.King,
N.Bol
T.King,
N.Bol
hillside
T.King,
N.Bol
lots of warree cohune,
T.King,
sections on steep hillside N.Bol
T.King,
N.Bol
on a hill, several dead
T.King
laurel
T.King
lots of cohune
T.King
warree cohune, low bush, T.King,
high forest, bamboo
N.Bol
warree cohune, cohune T.King,
N.Bol
pacaya, cohune, and
T.King,
some warree cohune
N.Bol
lots of cohune, no warree T.King,
cohune
N.Bol
T.King,
N.Bol
trees up to 60cm dbh
T.King
logged this year

(b) Number of species recorded in each dbh class (cm) at each site
Site code 10-20 20-30 30-40 >40 Total
Abto
9
10
8
17
28
CCR
4
8
10
13
24
CG
11
12
9
12
25
ChiqR
5
10
5
16
23
CR
10
12
6
12
23
Gd'O
14
12
5
12
27
LC
14
12
7
13
30
Mllo
7
8
2
6
18
MTe
10
7
4
7
24
MTRe
6
2
7
13
19
MTRw
6
8
5
21
29
MTw
14
12
5
20
29
SP
17
11
3
6
26
SPPR
5
3
2
2
5
Total
69
66
45
69 123
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Present

(c) Number of stems recorded in each dbh class (cm) at each site.
Site code 10-20 20-30 30-40 40-50 50-60 60-70 70-80 80-90 90-100 >100 Total
Abto
13
18
11
14
6
3
1
0
2
1
69
CCR
6
10
11
9
11
11
4
3
1
1
67
CG
16
17
14
17
17
8
8
3
3
3
106
ChiqR
6
20
9
12
10
10
3
0
0
2
72
CR
20
32
13
19
1
2
2
1
0
0
90
Gd'O
35
24
11
10
4
1
0
0
0
1
86
LC
19
20
10
9
6
2
0
1
1
2
70
Mllo
22
14
5
6
1
1
1
0
0
0
50
MTe
16
9
4
4
2
2
0
1
0
0
38
MTRe
9
2
9
12
13
9
5
3
0
0
62
MTRw
7
15
7
11
17
8
6
0
1
1
73
MTw
18
21
8
34
2
1
3
1
0
3
91
SP
25
19
4
8
1
0
0
0
0
0
57
SPPR
8
15
4
10
1
0
0
0
0
0
38
Total
220 236 120 175
92
58
33
13
8
14 969

(d) Stem density per hectare for different dbh
size-classes (cm) at each site (densities extrapolated
from plots <1 ha for trees <40 cm dbh)
Site code 10-20 20-30 30-40 40-70 >70 Total
Abto
260
180
55
23
4
522
CCR
120
100
55
31
9
315
CG
320
170
70
42
17 619
ChiqR
120
200
45
32
5
402
CR
400
320
65
22
3
810
Gd'O
700
240
55
15
1 1011
LC
380
200
50
17
4
651
Mllo
440
140
25
8
1
614
MTe
320
90
20
8
1
439
MTRe
180
20
45
34
8
287
MTRw
140
150
35
36
8
369
MTw
360
210
40
37
7
654
SP
500
190
20
9
0
719
SPPR
160
150
20
11
0
341
Mean
314.3 168.6 42.9 23.2 4.9 553.8
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(e) Dominant tree species at each site (those that represent 50% of individuals recorded).
Site code Species (% of individuals)
No. Total %
CG
Sapodilla (31), My lady (9), Ironwood (8), Cuero de sapo (8)
4
56
CCR

Ironwood (25), Quamwood (10), Nargusta (9), White copal (6)

4

50

MTRe

Ironwood (26), Quamwood (19), Cedrillo big leaf (8)

3

53

MTRw

Ironwood (16), Hog plum (10), Wild grape (5), Granadillo (4),
Cantemo (4), Breadnut (4), Cedrillo big leaf (4), Quamwood (3)

8

50

MTw

Hog plum (11), Cohune palm (11), White salm wood (7), Male
grape (7), Mahogany (5), Nargusta (5), Bri bri big leaf (5)

7

51

MTe

Mamey ciruella (13), Cantemo (11), Laurel smooth bark (3), Hog
plum (5), Cohune palm (5), Breadnut (5), Quamwood (3)

7

50

ChiqR

Breadnut (17), Hog plum (12), Cedrillo big leaf (11), Laurel
brittle bark (8), Ironwood (8)

5

55

Abto

Nargusta (14), Sapodilla (9), Laurel brittle bark (9), Botan palm
(6), Hog plum (6), Black cabbage bark (5), Ironwood (5)

7

54

LC

White poison wood (20), Hog plum (6), Laurel smooth bark (4),
Sapodilla (4), Mamey ciruella (4), Male grape (4), Fiddlewood
(4), Quamwood (3)

8

50

CR

White poison wood (26), Hog plum (17), Nargusta (10)

3

53

Gd'O

White poison wood (30), Sapodilla (9), Laurel smooth bark (8),
Cuero de sapo (6)

4

53

Mllo

Black cabbage bark (23), Hog plum (17), Fiddlewood (10)

3

50

SP

White poison wood (16), Fiddlewood (9), All spice (7), Prickle
yellow (7), Sapotillo (5), Nargusta (5), Glassywood (5)

7

55

SPPR

Pine (56)

1

56
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(f) Number of stems recorded for each tree species in different dbh size-classes, and the
accumulated % of the total number of stems recorded (excluding dead). Of 123 species
recorded, 4 constituted 25% of the stems, 13 constituted 50%, and 30 constituted 75%.
Species
Sebastiana longicuspis
Dialium guianense
Spondias mombin
Manilkara
Terminalia amazonia

Name

White poison wood
Ironwood
Hog plum
Sapodilla
Nargusta
Dead
Schizolobium parahybum Quamwood
Heisteria media
Cuero de sapo
Lonchocarpus castilloi
Black cabbage bark
Pouteria campechiana
Mamey ciruella
Brosimum alicastrum
Breadnut
Orbignya cohune
Cohune palm
Aspidosperma
My lady
Pinus oocarpa
Pine
Vitex gaumeri
Fiddlewood
Guarea sp1
Cedrillo big leaf
Lauraceae sp 2
Laurel smooth bark
Sabal mauritiiformis
Botan palm
Dendropanax
White gumbolimbo
Acacia
Cantemo
Swietenia macrophylla
Mahogany
Pouteria reticulata
Sapotillo
Protium copal
White copal
Zanthoxylon spp.
Prickle yellow
Pseudolmedia
Cherry
Platymiscium yucatanum Granadillo
Lauraceae sp 1
Laurel brittle bark
Inga sp 1
Bri bri big leaf
Coccoloba belizensis
Wild grape
Alchornea
Male grape
Dipholis stevensonii
Faisan
Guatteria?
Sufricaya
Pouteria amygdalina
Red sillion
Unknown sp 13
Unknown 7a3
Trichospermum
Moho narrow leaf
Cupania
Grande betty
Pimenta
All spice
Vatairea lundellii
Bitterwood
Drypetes brownii
Bull hoof
Cordia sp 2
White salm wood
Calophyllum brasiliense Santa maria
Stemmadenia?
Cojoton
Unknown sp 16
Unknown 9a2
Sapotaceae sp 2
Red candlewood
Ficus
Strangler fig
Quercus sp 2
Oak small leaf

10-20 20-30 30-40 40-70 70-100 >100
cm
cm
cm
cm
cm
cm
19
32
13
6
0
0
8
6
9
42
2
0
4
13
17
27
5
0
2
3
6
28
9
3
5
3
5
14
8
4
9
14
3
8
2
1
0
0
1
16
11
0
12
6
1
8
0
0
11
8
2
1
0
0
14
4
2
1
0
0
1
1
3
15
1
0
0
0
0
20
0
0
7
4
3
6
0
0
1
5
3
10
0
0
3
0
4
10
1
0
2
3
5
6
2
0
9
9
0
0
0
0
1
16
0
0
0
0
8
5
1
3
0
0
1
5
2
7
0
0
3
3
2
6
0
0
3
5
2
2
1
0
10
3
0
0
0
0
7
1
2
2
0
0
5
7
0
0
0
0
2
1
1
5
3
0
2
8
1
0
0
0
1
4
3
2
0
0
1
1
1
6
0
0
1
4
2
2
0
0
1
2
2
3
0
0
3
3
0
2
0
0
0
1
3
3
0
0
3
4
0
0
0
0
1
3
0
2
0
0
6
0
0
0
0
0
1
4
1
0
0
0
1
0
1
4
0
0
1
2
0
3
0
0
3
2
0
1
0
0
2
1
0
3
0
0
3
0
2
1
0
0
1
4
1
0
0
0
0
0
1
2
2
0
0
1
1
3
0
0
2
2
0
1
0
0
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Total Accum %
of total
70
8
67
15
66
22
51
27
39
37 excluded
28
27
22
21
21
20
20
19
51
18
18
18
17
17
15
14
13
13
12
12
12
11
10
9
9
8
75
8
7
7
6
6
6
6
6
6
6
6
6
5
5
5

Species

Name

10-20 20-30 30-40 40-70 70-100 >100 Total Accum %
cm
cm
cm
cm
cm
cm
of total
Ceiba pentandra
Ceiba
0
0
0
2
1
2
5
Bernoullia flammea
Mapola
0
1
0
2
2
0
5
Bumelia
Candlewood
0
0
0
4
0
0
4
Rubiaceae? sp 2
Wild hicara
1
1
2
0
0
0
4
Guettarda combsii
Glassywood
3
1
0
0
0
0
4
Pithecelobium arboreum Barbajolote
0
1
1
0
1
1
4
Licania platypus
Monkey apple
2
0
0
2
0
0
4
Anona
Wild custard apple
0
3
1
0
0
0
4
Lysiloma
Bastard mahogany
0
2
0
1
0
0
3
Guarea sp2
Cedrillo small leaf
2
0
1
0
0
0
3
Cedrela odorata
Cedar
0
0
0
1
1
1
3
Croton
Copal-chi
3
0
0
0
0
0
3
Bursera simaruba
Red gumbolimbo
0
2
0
1
0
0
3
Erythroxylon
Redwood
2
0
0
1
0
0
3
Mosquitoxylon
Male negrito
2
1
0
0
0
0
3
Unknown sp 23
Unknown 13a2
0
0
1
2
0
0
3
Unknown sp 15
Unknown 9a1
3
0
0
0
0
0
3
Erblichia odorata
Conop
0
0
1
2
0
0
3
Heliocarpus
Moho broad leaf
0
0
1
1
0
0
2
Guazuma
Bay cedar
0
0
0
1
0
1
2
Morinda?
Rubiaceae M1498X
0
1
0
1
0
0
2
Coccoloba sp2
Wild grape 2
0
0
0
2
0
0
2
Psidium
Guayabillo/Wild guava 1
0
0
1
0
0
2
Virola koschnyi
Banak
0
0
0
2
0
0
2
Trophis
Red breadnut
0
2
0
0
0
0
2
Cecropia
Trumpet tree
1
0
1
0
0
0
2
Hampea
Moho yellow
2
0
0
0
0
0
2
Zuelania
Tamay
1
1
0
0
0
0
2
Cordia alliodora
Black salm wood
0
0
1
1
0
0
2
Astronium graveolens
Jobillo
1
1
0
0
0
0
2
Unknown sp 2
Unknown 1b4
1
1
0
0
0
0
2
see Martins 1996
Sol 7a1
0
0
0
0
2
0
2
Vitex?/Citharexylum?
Robley
0
0
1
0
0
0
1
Rhedera penninervia
Hingi hingi
0
0
0
1
0
0
1
Luehea?
Jolol/Turtlebone
0
1
0
0
0
0
1
Sapotaceae sp 1
Spiky sapotillo
0
0
0
1
0
0
1
Pouteria durlandii?
Mamey apple
0
0
0
1
0
0
1
Chrysophyllum
Wild star apple
1
0
0
0
0
0
1
Rubiaceae sp 1
Rubiaceae small leaf
1
0
0
0
0
0
1
Psychotria
Pig tree
0
1
0
0
0
0
1
Ouratea
Ouratea
1
0
0
0
0
0
1
Eugenia sp 2
Male chilon-che
1
0
0
0
0
0
1
Eugenia sp 1
Chilon-che
1
0
0
0
0
0
1
Ardisia
Ardisia
0
0
0
1
0
0
1
Ficus
Copo/Strangler fig
0
0
0
1
0
0
1
Castilla elastica
Rubber wood
0
0
0
1
0
0
1
Inga sp 2
Bri bri small leaf
0
1
0
0
0
0
1
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Species

Name

Trichilia
Laetia
Flacourtiaceae sp 1
Quercus sp 1
Sweetia panamensis
Platymiscium
Ormosia
Gliricidia sepium
Bombacaceae? sp 1
Tetragastris stevensonii
Unknown sp 9
Unknown sp 8
Unknown sp 7
Unknown sp 6
Unknown sp 5
Unknown sp 4
Unknown sp 3
Unknown sp 26
Unknown sp 25
Unknown sp 24
Unknown sp 22
Unknown sp 21
Unknown sp 20
Unknown sp 19
Unknown sp 18
Unknown sp 17
Unknown sp 14
Unknown sp 12
Unknown sp 11
Unknown sp 10
Unknown sp 1

Lemonaria
Baquelac
Flacourtiaceae 14a3
Oak red
Billy webb
Hormigillo
John crow wood
Madre de cacao
Mapola? 10a3
Carbon
Unknown 4a1
Unknown 2a4
Unknown 2a3
Unknown 2a2
Unknown 2a1
Unknown 1b8
Unknown 1b7
Unknown fig-like
Unknown 14a2
Unknown 14a1
Unknown 13a1
Unknown 12a1
Unknown 10a5
Unknown 10a2
Unknown 10a1
Unknown 9a3
Unknown 8a1
Unknown 6a2
Unknown 6a1
Unknown 4a2
Unknown 1b3

10-20 20-30 30-40 40-70 70-100 >100 Total Accum %
cm
cm
cm
cm
cm
cm
of total
0
1
0
0
0
0
1
1
0
0
0
0
0
1
0
0
1
0
0
0
1
0
1
0
0
0
0
1
0
0
0
1
0
0
1
0
0
0
1
0
0
1
0
0
0
0
0
1
1
0
1
0
0
0
0
1
0
0
0
1
0
0
1
1
0
0
0
0
0
1
1
0
0
0
0
0
1
0
0
0
1
0
0
1
0
1
0
0
0
0
1
1
0
0
0
0
0
1
0
1
0
0
0
0
1
0
0
0
1
0
0
1
0
1
0
0
0
0
1
0
1
0
0
0
0
1
0
1
0
0
0
0
1
1
0
0
0
0
0
1
1
0
0
0
0
0
1
0
1
0
0
0
0
1
0
0
0
1
0
0
1
0
0
1
0
0
0
1
1
0
0
0
0
0
1
1
0
0
0
0
0
1
1
0
0
0
0
0
1
0
0
1
0
0
0
1
0
1
0
0
0
0
1
1
0
0
0
0
0
1
0
1
0
0
0
0
1
100
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(g) The number of stems of each species recorded at each site (for the 60 most frequently recorded species only).
Species
Sebastiana longicuspis
Dialium guianense
Spondias mombin
Manilkara
Terminalia amazonia

Name
White poison wood
Ironwood
Hog plum
Sapodilla
Nargusta
Dead
Schizolobium parahybum Quamwood
Heisteria media
Cuero de sapo
Lonchocarpus castilloi
Black cabbage bark
Pouteria campechiana
Mamey ciruella
Brosimum alicastrum
Breadnut
Orbignya cohune
Cohune palm
Aspidosperma
My lady
Pinus oocarpa
Pine
Vitex gaumeri
Fiddlewood
Guarea sp1
Cedrillo big leaf
Lauraceae sp 2
Laurel smooth bark
Sabal mauritiiformis
Botan palm
Dendropanax
White gumbolimbo
Acacia
Cantemo
Swietenia macrophylla
Mahogany
Pouteria reticulata
Sapotillo
Protium copal
White copal
Zanthoxylon spp.
Prickle yellow
Pseudolmedia
Cherry
Platymiscium yucatanum Granadillo
Lauraceae sp 1
Laurel brittle bark
Inga sp 1
Bri bri big leaf
Coccoloba belizensis
Wild grape
Alchornea
Male grape

Sites Abto CCR CG ChiqR CR Gd'O LC Mllo MTe MTRe MTRw MTw SP SPPR
4
23 24 14
9
10
3
17
8
5
1
2
1
16
12
2
11
4
2
8
15
4
4
8
2
2
7
10
6
6
33
7
3
1
1
7
9
6
5
9
2
5
3
14
4
2
2
6
2
7
1
2
1
2
1
2
1
4
7
7
1
2
1
12
2
3
5
8
8
5
4
2
6
3
3
1
11
1
3
10
1
1
2
1
2
3
5
2
1
3
7
1
11
1
2
2
1
3
6
3
1
3
2
1
10
7
1
10
3
2
1
1
2
1
19
6
1
3
1
3
5
5
4
3
7
5
3
6
1
6
3
2
3
3
6
4
4
4
1
1
3
9
3
2
1
1
2
1
2
4
1
6
1
2
4
4
3
1
7
3
1
2
1
1
1
5
7
2
3
1
1
2
1
3
6
1
4
1
2
4
1
5
2
3
1
2
4
5
1
6
2
1
2
7
2
3
1
1
1
3
1
2
6
5
4
2
2
1
5
3
4
3
2
2
3
6
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Species
Dipholis stevensonii
Guatteria?
Pouteria amygdalina
Unknown sp 13
Trichospermum
Cupania
Pimenta
Vatairea lundellii
Drypetes brownii
Cordia sp 2
Calophyllum brasiliense
Stemmadenia?
Unknown sp 16
Sapotaceae sp 2
Ficus
Quercus sp 2
Ceiba pentandra
Bernoullia flammea
Bumelia
Rubiaceae? sp 2
Guettarda combsii
Pithecelobium arboreum
Licania platypus
Anona
Lysiloma
Guarea sp2
Cedrela odorata
Croton
Bursera simaruba
Erythroxylon

Name
Faisan
Sufricaya
Red sillion
Unknown 7a3
Moho narrow leaf
Grande betty
All spice
Bitterwood
Bull hoof
White salm wood
Santa maria
Cojoton
Unknown 9a2
Red candlewood
Strangler fig
Oak small leaf
Ceiba
Mapola
Candlewood
Wild hicara
Glassywood
Barbajolote
Monkey apple
Wild custard apple
Bastard mahogany
Cedrillo small leaf
Cedar
Copal-chi
Red gumbolimbo
Redwood

Sites Abto CCR CG ChiqR CR Gd'O LC Mllo MTe MTRe MTRw MTw SP SPPR
4
1
1
2
4
5
1
3
1
1
2
3
3
2
2
2
2
5
4
2
1
2
1
3
1
1
4
3
1
1
4
5
1
1
1
1
2
4
1
2
1
2
1
6
3
4
1
1
5
1
1
1
1
2
1
6
2
2
3
3
1
2
2
1
5
4
1
2
1
1
4
1
1
1
2
2
2
2
1
4
2
1
3
3
2
1
1
2
2
2
2
3
1
2
2
1
3
1
1
1
3
1
1
1
1
3
2
2
1
3
1
1
1
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(h) Tree species identified in survey transects, sorted by local name.
Name
Family
Species
All spice
Myrtaceae
Pimenta
Ardisia
Myrsinaceae
Ardisia
Banak
Myristiaceae
Virola koschnyi
Baquelac
Flacourtiaceae
Laetia
Barbajolote
Mimosaceae
Pithecelobium arboreum
Bastard mahogany
Mimosaceae
Lysiloma
Bay cedar
Sterculiaceae
Guazuma
Billy webb
Fabaceae
Sweetia panamensis
Bitterwood
Fabaceae
Vatairea lundellii
Black cabbage bark
Fabaceae
Lonchocarpus castilloi
Black salm wood
Cordiaceae
Cordia alliodora
Botan palm
Palmae
Sabal mauritiiformis
Breadnut
Moraceae
Brosimum alicastrum
Bri bri big leaf
Mimosaceae
Inga sp 1
Bri bri small leaf
Mimosaceae
Inga sp 2
Bull hoof
Euphorbiaceae
Drypetes brownii
Candlewood
Sapotaceae
Bumelia
Cantemo
Mimosaceae
Acacia
Carbon
Apocynaceae?
Tetragastris stevensonii
Cedar
Meliaceae
Cedrela odorata
Cedrillo big leaf
Meliaceae
Guarea sp1
Cedrillo small leaf
Meliaceae
Guarea sp2
Ceiba
Bombacaceae
Ceiba pentandra
Cherry
Moraceae
Pseudolmedia
Chilon-che
Myrtaceae
Eugenia sp 1
Cohune palm
Palmae
Orbignya cohune
Cojoton
Apocynaceae
Stemmadenia?
Conop
Erblichia odorata
Copal-chi
Euphorbiaceae
Croton
Copo/Strangler fig
Moraceae
Ficus
Cuero de sapo
Olacaceae
Heisteria media
Faisan
Sapotaceae
Dipholis stevensonii
Fiddlewood
Verbenaceae
Vitex gaumeri
Flacourtiaceae 14a3
Flacourtiaceae
Flacourtiaceae sp 1
Glassywood
Rubiaceae
Guettarda combsii
Granadillo
Fabaceae
Platymiscium yucatanum
Grande betty
Sapindaceae
Cupania
Guayabillo/Wild guava Myrtaceae
Psidium
Hingi hingi
Verbenaceae
Rhedera penninervia
Hog plum
Anacardiaceae
Spondias mombin
Hormigillo
Fabaceae
Platymiscium
Ironwood
Caesalpiniaceae
Dialium guianense
Jobillo
Anacardiaceae
Astronium graveolens
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Name
John crow wood
Jolol/Turtlebone
Laurel brittle bark
Laurel smooth bark
Lemonaria
Madre de cacao
Mahogany
Male chilon-che
Male grape
Male negrito
Mamey apple
Mamey ciruella
Mapola
Mapola? 10a3
Moho broad leaf
Moho narrow leaf
Moho yellow
Monkey apple
My lady
Nargusta
Oak red
Oak small leaf
Ouratea
Pig tree
Pine
Prickle yellow
Quamwood
Red breadnut
Red candlewood
Red gumbolimbo
Red sillion
Redwood
Robley
Rubber wood
Rubiaceae M1498X
Rubiaceae small leaf
Santa maria
Sapodilla
Sapotillo
Sol 7a1
Spiky sapotillo
Strangler fig

Family
Fabaceae
Tiliaceae
Lauraceae
Lauraceae
Meliaceae
Fabaceae
Meliaceae
Myrtaceae
Euphorbiaceae
Anacardiaceae
Sapotaceae
Sapotaceae
Bombacaceae
Bombacaceae?
Tiliaceae
Tiliaceae
Malvaceae
Chrysobalanaceae
Apocynaceae
Combretaceae
Fagaceae
Fagaceae
Ochnaceae
Rubiaceae
Pinaceae
Rutaceae
Caesalpiniaceae
Moraceae
Sapotaceae
Burseraceae
Sapotaceae
Apocynaceae?
Verbenaceae
Moraceae
Rubiaceae
Rubiaceae
Clusiaceae
Sapotaceae
Sapotaceae
Sapotaceae
Moraceae

Species
Ormosia
Luehea?
Lauraceae sp 1
Lauraceae sp 2
Trichilia
Gliricidia sepium
Swietenia macrophylla
Eugenia sp 2
Alchornea
Mosquitoxylon
Pouteria durlandii?
Pouteria campechiana
Bernoullia flammea
Bombacaceae? sp 1
Heliocarpus
Trichospermum
Hampea
Licania platypus
Aspidosperma
Terminalia amazonia
Quercus sp 1
Quercus sp 2
Ouratea
Psychotria
Pinus oocarpa
Zanthoxylon spp.
Schizolobium parahybum
Trophis
Sapotaceae sp 2
Bursera simaruba
Pouteria amygdalina
Erythroxylon
Vitex?/Citharexylum?
Castilla elastica
Morinda?
Rubiaceae sp 1
Calophyllum brasiliense
Manilkara
Pouteria reticulata
see Martins 1996
Sapotaceae sp 1
Ficus
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Name
Sufricaya
Tamay
Trumpet tree
White copal
White gumbolimbo
White poison wood
White salm wood
Wild custard apple
Wild grape
Wild grape 2
Wild hicara
Wild star apple

Family
Annonaceae
Flacourtiaceae
Moraceae
Burseraceae
Araliaceae
Euphorbiaceae
Cordiaceae
Annonaceae
Polygonaceae
Polygonaceae
Rubiaceae?
Sapotaceae

Species
Guatteria?
Zuelania
Cecropia
Protium copal
Dendropanax
Sebastiana longicuspis
Cordia sp 2
Anona
Coccoloba belizensis
Coccoloba sp2
Rubiaceae? sp 2
Chrysophyllum
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