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Summary 

YaĦaxché Conservation Trust is a Belizean community-based NGO that works to protect 

and promote the sustainable use of the natural resources of the Maya Golden Landscape, 

a 770,000 acre mosaic of public and private protected lands and communities. YaĦaxché 

manages the Golden Stream Corridor Preserve (15,000 acres, private) and co-manages 

the Bladen Nature Reserve (100,000 acres) and the Maya Mountain North Forest 

Reserve (36,000 acres) in collaboration with the Government of Belize. Since 2006, 

YaĦaxché has been monitoring biodiversity to observe possible changes in the 

environment and track the effect of unsustainable human activities on these and other 

protected areas not co-managed by YaĦaxché. The intention of this monitoring is to 

inform our conservation actions. Initially, the Biodiversity Monitoring Program only 

included bird and mammal transects, but over the years we have added other taxa and 

methods such as freshwater macro-invertebrates, bats, land snails, vegetation, weather 

monitoring, road traffic density and road crossings, and finally land-use change 

monitoring. Methods include point, transect and plot sampling in the field, digital data 

management and digital analysis using GIS, covering the entire Maya Golden Landscape. 

In 2016, transect monitoring remained variable as in the previous year. Village lands 

recorded similar species richness than in 2015, with a particularly high number of 

migrant bird species and was comparable to that of forested lands and savannah. 

Dominant species like the chachalaca tend to show prominently in the counts. Game bird 

species were completely absent from village lands but game mammal species were 

present in higher number than the previous year. The forest transect BNR2, considered 

the least disturbed of the transects, exhibited high species richness for both bird and 

mammal target species with dominant species being the two monkey species in our list. 

Overall the forest transects in Bladen Nature Reserve and Columbia River Forest 

Reserve recorded higher target species richness than transects in Golden Stream 

Corridor Preserve.  

This year, we report on the phenology and growth of the threatened rosewood species, 

Dalbergia stevensonii. Monitoring data collected between 2013 and 2016 show that D. 

stevensonii reproductive timing is closely tied to seasonal weather patterns. In addition, 

preliminary growth rate analyses show that the hardwood species is indeed slow-

growing, as presumed, though growth rates vary between size classes. These studies 

provide valuable life-cycle data for the species, which are necessary to develop 

sustainable harvest and management plans. 

Data collection from the weather station at the Golden Stream field station remained 

consistent throughout the year. Data collection at the Bladen ranger base was variable, 

but the data in combination with the Golden Stream data show that the wet-dry seasonal 

patterns experienced by Belize were exaggerated for the MGL in 2016. As in 2015, 2016 

experienced an intense dry season. Rainfall peaked in Golden Stream in August, which is 
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likely due to the arrival of category 1 hurricane Earl to Belize. Overall, 2016 was wetter 

for Golden Stream than the previous two years.   

YaĦaxché continuously strives to improve its efforts at data collection in order to provide 

the conservation community and the general public with reliable, accurate and high 

quality information. It is not always possible to conduct data collection considering 

limitations beyond our control and the number of tasks carried out by the YaĦaxché 

ranger team. However, the quality of work conducted by the team is of the highest 

standards and YaĦaxché aims to keep improving its monitoring program through constant 

capacity building and targeted and focused approaches. YaĦaxché is committed to 

adopting national strategies for research and monitoring and pledges to make every 

effort to assist the national development of these where possible for the continued 

improvement of biodiversity conservation in Belize.  

 

Introduction  

Ya'axché Conservation Trust (YaĦaxché) is a Belizean organisation which aims to maintain 

a healthy environment with empowered communities by fostering sustainable 

livelihoods, protected area management, biodiversity conservation and environmental 

education within the Maya Golden Landscape. The organizationĦs geographical focus is 

the Maya Golden Landscape (MGL), which encompasses twelve protected areas in 

Toledo, as well as the buffer communities around them (see Figure 1). Three of these 

protected areas are managed by YaĦaxché. The Golden Stream Corridor Preserve (GSCP) 

is a 15,000 acre preserve owned and managed by YaĦaxché that forms part of the link 

between the Maya Mountain Massif and the coastal ecosystems of the Caribbean Sea. 

The Bladen Nature Reserve is a 100,000 acre strictly protected nature reserve (IUCN 

Category 1a), owned by the Government of Belize and co-managed by YaĦaxché since 

2008. The Maya Mountain North Forest Reserve, a key biodiversity area, is a 36,000 

acre forest reserve that serves as a model for sustainable use and extraction of natural 

resources within BelizeĦs protected areas system.   

Over the past eight years YaĦaxché has been implementing a biodiversity monitoring 

program to observe possible changes occurring in the natural environment that could 

indicate unsustainable human activities. When YaĦaxché accepted co-management of the 

Bladen Nature Reserve in 2008, a Biodiversity Research, Inventory and Monitoring 

(BRIM) strategy was drafted by YaĦaxché, Fauna & Flora International (FFI) and Toledo 

Institute for Development and Environment (TIDE) as a necessary planning exercise. This 

strategy details the questions that YaĦaxché faces when managing and co-managing 

protected areas, and recommends a number of target groups (e.g. birds and mammals, 

freshwater invertebrates, and vegetation) to be monitored in order to answer these 

questions. The BRIM strategy provides short outlines of the methodology to be used, and 

general guidelines for the analysis of the data gathered. It also prescribes the annual 
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analysis of the data, to facilitate comparison among years and provide information to 

guide management decisions. This document is undergoing an update to include other 

research and monitoring areas and will be reflected in the 2017 report. 

YaĦaxché has collected data on birds and large mammals using transect monitoring 

throughout the Maya Golden Landscape since 2006. A formal structure was put in place 

in 2009 and since then, the ranger team has been trained in freshwater macro-

invertebrate sampling and freshwater physiochemical monitoring by freshwater 

ecologist, Dr Rachael Carrie, who also initiated the weather monitoring activities. In 

2011, bats were added to the monitoring program and data collection and sampling 

improved between 2013 and 2015 by YaĦaxchéĦs Research Coordinator Olatz Gartzia 

and Consultant Thomas Foxley, both experienced bat researchers. In 2012, YaĦaxchéĦs 

botanist, Gail Stott, in collaboration with plant ecology consultant Dr. Steven Brewer, 

added vegetation monitoring to the existing programme by establishing two one-hectare 

Permanent Sample Plots (PSPs) according to international standards. In 2013, a 

collaboration between YaĦaxché and The Global Trees Campaign established phenology 

monitoring for 7 species of rare, data deficient and threatened trees. Due to logistical 

constraints and feasibility not all program areas are conducted every year.  

This report continues the efforts made throughout the past 8 years to ensure the 

fulfilment of the BRIM strategy requirement to report major findings annually. This year 

we present the results from bird and mammal transects, farm monitoring, tree 

monitoring, and weather stations. Camera trap survey data will be explored in detail 

combining 2016 and 2017 data in the 2017 report. Freshwater monitoring data analysis 

is also on hold pending the return of freshwater ecologist Devina Bol, and as such this has 

also been omitted from this yearĦs report.  

This report has a few important sections including the Introduction with general 

information on the report; Methodology, which consists of an in-depth description of the 

methods used to collect data and the statistical tools used for analysis, which is then 

presented in the fourth section titled Results. This is followed by a set of Conclusions as 

well as Recommendations to improve data collection and analysis for the coming years 

and how to overcome identified shortcomings. Finally, a section is included to 

acknowledge the people and organisations that helped in the fulfilment of this report. 
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Figure 1. Location of the Maya Golden Landscape and its protected areas in the Toledo District. 

 

Method ology 

Bird and large mammal transects 

Transect monitoring in 2015, as in previous years, involved birds and large mammals as 

key taxa. Transects are located in and around some of the protected areas in the Maya 

Golden Landscape (see Figure 2). These are tr ansect point counts and sign transects, all 

1km in length with stopping points every 200m to observe and listen. Birds were 

detected using sight and sound cues, while mammals were detected using direct 

sightings, tracks and an array of different signs such as faeces, smell, sounds and scratch 

marks among others. For both focal groups a previously generated list of indicator 

species was used and recordings were limited to the selected species (see Table 2 for 

birds and Table 3 for mammals). These species lists are taken from YaĦaxchéĦs BRIM 

strategy, and adapted to the current lists used in the databases.  

Our target species list is classified in six indicator groups (see Table 1) and each species in 

the list indicates a different factor based on their habitat preferences and ecology. This 

classification is taken into account when analysing bird and mammal data and is used to 

facilitate making conclusions from the monitoring results. For example, an increase of 

ĥDisturbed forest indicatorsĦ could indicate habitat degradation, whereas decreased 

ĥGame speciesĦ richness could indicate a high level of hunting pressure and/or habitat 

degradation. 
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Table 1. Description of indicator groups for both mammal and bird target species 

 
 
 
 
 

 

Figure 2. Location of 2016 biodiversity monitoring transects within the MGL 

 

  

Code Class Description  

M Migration route health indicator  Generalist migrant species without specific habitat 
requirements in Belize 

D Disturbed forest indicator  Species from fallow lands, forest gaps, human impacted 
landscapes 

F Forest health indicator Species only found in primary forests or undisturbed 
secondary forest 

G Game species Regularly collected species 

W Wetland indicator  Species linked to littoral or riparian habitats 

P Pine-savannah indicator Species linked to pine savannah habitats 
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Table 2. Target bird indicator species (n=30)  Table 3. Target mammal indicator 
species (n=19) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 4. Distribution of species in the indicator groups and serves as a reference for when the 

distribution of indicator groups among transects and/or habitats are reported in the results. 

    D F G M P W N/A  

Birds # species 4 10 3 7 3 3 0 

% species 13.3% 33.3% 10.0% 23.3% 10.0% 10.0% 0.0% 

Mammals # species 1 7 6 0 0 2 3 

% species 5.3% 36.8% 31.58% 0.0% 0.0% 10.53% 15.79% 

 

Common Name Class 

Agouti G 

Baird's Tapir W 

Brown Brocket Deer NA 

Coatimundi NA 

Collared Peccary G 

Howler Monkey F 

Jaguar F 

Jaguarundi D 

Margay F 

Naked-tail Armadillo NA 

Neotropical River Otter W 

Nine-banded Armadillo G 

Ocelot F 

Paca G 

Puma F 

Red Brocket Deer F 

Spider Monkey F 

White-lipped Peccary G 

White-tailed Deer G 

Common Name Migratory  Class 

American Redstart Y M 

Black and White Warbler Y M 

Blue-gray Gnatcatcher Y P 

Bronzed Cowbird N D 

Brown-hooded Parrot N F 

Cerulean Warbler Y F 

Chestnut-sided warbler Y M 

Common Yellowthroat Y M 

Crested Guan N G 

Dickcissel Y D 

Golden-winged Warbler Y F 

GraceĦs Warbler N P 

Great Curassow N G 

Great Tinamou N G 

Hooded warbler Y M 

Keel-billed Motmot N F 

Keel-billed Toucan N F 

Kentucky Warbler Y F 

Little Tinamou N F 

Louisiana Waterthrush Y W 

Magnolia warbler Y M 

Northern Waterthrush  Y W 

Painted Bunting Y D 

Plain Chachalaca N D 

Prothonotary Warbler Y W 

Slaty-breasted Tinamou N F 

SwainsonĦs Warbler Y F 

Wood Thrush Y M 

Worm-eating Warbler Y F 

Yellow-headed parrot N P 
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Species from both mammal and bird lists are assigned to one of the indicator groups 

based on, respectively, the ĨField Guide to the Mammals of Central America and 

Southern Mexicoĩ (Reid 2009) and ĨBirds of Belizeĩ (Jones & Gardner 2003), and 

validated by the local knowledge of YaĦaxchéĦs field ranger team.  

Not all indicator groups in Table 1 are applicable to the mammals of the Maya Golden 

Landscape. There are no long-distance migrants and the fairly large roaming distances of 

some of the species means that their preference for a specific habitat will be less clear 

(e.g. Red brocket deer will prefer the forest, but can be seen in the savannah). Therefore, 

we assigned all mammals to either Forest health indicators, Game species or Wetland 

indicators, and only a small number of species were not assigned to any group due to 

their Ĩgeneralistĩ habitat nature (see Table 4). The Tables 2 and 3 in the previous page 

present a more detailed species list and their corresponding indicator group. 

Data collection 

Transect location and habitat 

The core data collected in transects are the number of species observed and the number 

of individuals observed per species. Four transects were monitored in Columbia River 

Forest Reserve (CRFR 1, 2, 3 and 4), one on the village lands in Indian Creek (IV1), three 

in Golden Stream Corridor Preserve (GSCP1, 2 and 9) and two in Bladen Nature 

ReserveĦs forest (BNR2) and Savannah (BNR3). Two transects were implemented and 

monitored in Maya Mountain North Forest Reserve (MMNFR 1 and 2), but these data 

will first be presented in next yearĦs synthesis report. The diversity of habitats within the 

transects makes our monitoring program a landscape scale approach. Table 5 contains 

information about each transect, and a map showing the location of the transects is 

presented in Figure 2. 

Disturbance gradient 

Among the transects in forest habitats, a gradient of natural and human disturbances can 

be observed. The transects in Bladen Nature Reserve are the least disturbed and the 

ones in Golden Stream Corridor Preserve the most disturbed. This gradient is not equally 

prevalent at every transect location and is not quantified other than by calculated 

damage from hurricane Iris (2001) and the estimated proximity of residential and 

agricultural areas (see Table 5). The gradient is thus to be considered a rough 

approximation of disturbance levels.  
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Table 5. Description of the currently active transects, their locations, levels of human disturbance 

and general ecosystem types through which the transects run. 

Transect 
Name 

Length 
(m) 

Area Land 
Administration 

Disturbance Ecosystem 

BNR2 1000 Bladen Nature Reserve Minimal Primary forest on 
karst hills 

BNR3 1000 Bladen Nature Reserve Minimal Lowland 
savannah with 
pine 

CRFR1 1000 Columbia 
River 

Forest Reserve Minimal; 0-20% hurricane 
damage (2001); proximity of 
agriculture 

Primary forest on 
karst hills 

CRFR2 1000 Columbia 
River 

Forest Reserve Minimal; 0-20% hurricane 
damage (2001) 

Primary forest on 
karst hills 

CRFR3 1000 Columbia 
River 

Forest Reserve Minimal; 0-20% hurricane 
damage (2001) 

Primary forest on 
karst hills 

CRFR4 1000 Columbia 
River 

Forest Reserve Minimal; 0-20% hurricane 
damage (2001) 

Primary forest on 
karst hills 

GSCP1 1000 Golden 
Stream 

Private Protected 
Area 

60-75% hurricane damage 
(2001); proximity of village 
and agriculture 

Secondary forest 
on karst foothills 

GSCP2 1000 Golden 
Stream 

Private Protected 
Area 

60-75% hurricane damage 
(2001); proximity of 
agriculture 

Secondary forest 
in coastal plain 

GSCP9 1000 Golden 
Stream 

Private Protected 
Area 

60-75% hurricane damage 
(2001); proximity of 
agriculture 

Secondary forest 
along riverside in 
coastal plain 

IV1 1000 Indian 
Creek 

Community Lands 60-75% hurricane damage 
(2001); proximity of 
highway and agricultural 
clearings 

Mosaic of farms, 
secondary forest 
and residential 

 

Transect visit schedule 

Transects were visited according to a pre-set monthly schedule but deviated from that 

due to logistical limitations (see Table 6). Dates were kept flexible to allow for access 

uncertainty such as seasonal bad weather and/or other ranger tasks (e.g. expeditions or 

deep patrols or other research activities) interfering.  

For bird monitoring, the transects were visited twice daily: early morning and late 

afternoon as much as possible. Any differences to this default schedule are reflected in 

the results section for birds and mammals. Some transects require a day walk-in, for 

which the afternoon visit would be performed first and the morning visit the second day, 

after a night camping. Large mammal monitoring was combined with the transect visits 

for bird monitoring, but signs and sightings for mammals were only recorded during 

either the morning or the evening visit to avoid double-counting. A more detailed 

description of the methodology used on the transects can be found in the BRIM strategy 

document. 
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Table 6. Transect visits in 2016; shaded areas indicate periods of inaccessibility or scheduling 

limitations 

 
 Month  BNR2 BNR3 GSCP

1 
GSCP
2 

GSCP
9 

CRFR 
1 

CRFR 
2 

CRFR 
3 

CRFR 4 IV1 To
tal  

D
ry

 s
e
a
s
o

n
 

Jan 1 1 1   1 1 

  

1 6 

Feb 1 1  1    1 1 1 6 

Mar 1 1 1  1 1 1   2 8 

Apr  1  1    1 1  4 

May 1 1 1  1 1 1   1 7 

W
e
t 

s
e
a
s
o

n
 

Jun  1  1     1 1 4 

Jul 1 1   1 1 1   1 6 

Aug  1  1    1 1 1 5 

Sep 1 1 1       1 4 

Oct  1 1     1  1 4 

Nov  1   1 1 1    4 

  Dec 1 1      1 1 1 5 

Total  7 12 5 4 4 5 5 5 5 11 63 

 

Data quality 

YaĦaxché field staff is constantly facing challenges with data collection both for 

enforcement and compliance and for biodiversity monitoring. While data collection, 

database management, and quality of the data has significantly improved since the first 

Biodiversity Synthesis Report, logistical limitations often hinder the amount and quality 

of data collected.  Transect visit schedules are flexible and prioritized when possible over 

other activities, allowing for an increase in our monitoring effort. Due to staff turnover, 

YaĦaxché has continued running training sessions for the ranger team to enhance data 

entry skills and field monitoring techniques, which has increased the level of accuracy and 

detail of their recorded data. As a result, data inconsistencies such as observations 

without species name or number of individuals observed are virtually eliminated from the 

database. No observations lacked species names for birds and mammals, and 

observations that lacked number of individuals in the database were set conservatively to 

ĥ1Ħ.  

Data analysis 

Data analysis uses the instructions in the BRIM strategy as a starting point, but were 

largely built on the progress accomplished in previous Biodiversity Synthesis Reports. 

Analysis was mostly done per transect, thereby pooling together the data from all visits 

for each transect. This was considered a suitable way to achieve a good overview of 

larger scale differences between transects. Additionally, for a more landscape level 

approach, we have compared our indicator groups between different habitats (savannah, 

forests and village lands) as we did in the last four biodiversity reports (Gutierrez 2016; 

Gartzia and Gutierrez 2015; Gartzia, 2014; Hofman et. al. 2013). 
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Actual number of observed species (Target Species Richness) 

The actual number of species observed, or the target species richness, is the simple 

illustration of the total actual biodiversity of the ecosystems. It is calculated for every 

transect on which at least one individual of the target species was observed. It needs to 

be stressed that the species richness has an upper limit equal to the number of target 

species on the lists mentioned above (see Table 2 and Table 3), hence the name Target 

Species Richness. 

Diversity profiles 

We have combined relative abundances, individual diversity indices and the Effective 

Number of Species per transect into an approach called Diversity profiles (Tóthmérész 

1995; Magurran 2004; Hill & Mar 1973). The diversity profiles will inform us in an 

integrated fashion about the species diversity among different transects and the effects 

of dominance; they visualize the Effective Number of Species calculated from the 

different diversity indices (Target Species Richness [R], ShannonĦs index [H] and 

SimpsonĦs index []˂).  

These three diversity measures reflect the same diversity, but to estimate the Effective 

Number of Species, they weigh species differently according to their relative abundance 

(i.e. rarity or dominance). Target Species Richness counts every species equally, no 

matter how many times it was detected, and thus doesnĦt take into account the relative 

abundance. ShannonĦs index weighs every species according to its relative abundance, 

making the rarest species contribute less to the Effective Number of Species estimate. 

SimpsonĦs index goes further and gives proportionately more weight to those species 

with the highest relative abundance, hence amplifying the dominance of certain species. 

This gradient is called the ĥorderĦ of diversity, and is captured using a scaling factor (ɻ), 

derived from RényiĦs entropy (Rényi 1961):  

Ὀ
ρ

ρ ‌
ὴ  

Where Dɻ represents the species diversity of order ɻ, pi indicates the relative abundance 

of species i, and S stands for the total number of species. When ɻ equals zero, we obtain 

the target species richness. When ɻ equals 1, we obtain the Effective Number of Species 

that corresponds to the exponential of the ShannonĦs index (eH). And when ɻ equals 2, we 

get the Effective Number of Species that is equivalent to the inverse of SimpsonĦs index. If 

we plot the Effective Number of Species as a function of the value of ɻ, we obtain a 

diversity profile, which enables us to detect both species richness and dominance effect 

(or ĥevennessĦ of relative species abundance) at the same time.  

The higher the profile, the higher the diversity. If two diversity profiles cross, the 

communities have different levels of dominance and are said to be non-comparable 
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(Tóthmérész 1995; Jost 2010). The diversity profiles were plotted using the PAST v3.12 

software (Hammer et al., 2001). 

Rarefaction curves 

Since transects have an unequal number of transect visits, abundance data cannot be 

interpreted easily. Transects that have been visited once or twice cannot possibly have 

uncovered the same number of species as transects that have been visited four times or 

more.  

To take this into account, we make use of rarefaction curves (Gotelli & Colwell 2001; 

Magurran 2004) that allows comparison of species accumulation between transects at a 

set number of transect visits. This set number of transect visits is determined by the 

transect with the least visits. 

Rarefaction curves are created by repeatedly drawing a random subset of transect visits 

from one transect (with varying number of visits per draw), registering the species 

richness per draw, and then plotting the average number of species found as a function of 

the number of transect visits. Thus rarefaction generates the expected number of species 

in a small collection of transect visits drawn at random from the large pool of transect 

visits of that transect. The rarefaction curves were calculated and plotted using the PAST 

v3.12 software (Hammer et al., 2001). 

Indicator Groups 

To measure the effects of habitat disturbance on the species composition, we sum up all 

individuals observed and calculate the percentage that fall in each Indicator Group. We 

use percentages to standardize visit frequency and number of species across transects 

and to compare between transects and habitats.  

Farm monitoring  

Study area 

The area covered under the farm monitoring was approximately 500km2 within the MGL. 

The area is a mosaic of farmlands, forest patches and community lands (Figure 1). 

Farmland is dominated by slash and burn producing staple crops such as corn for the 

most part. Cacao farms are typically found within this same landscape oftentimes forming 

islands of forested land within clear-cut areas under cultivation for corn. Fallow land is 

under various degrees of succession with many patches having been cultivated in the last 

5 years. Community lands are small and much of the land surrounding the communities is 

set aside for farming. Some forest patches are connected through the mosaic of fallow 

lands and land under cultivation. A network of gravel roads spans the area connecting to 

the Southern Highway. The highway is the major artery connecting the south to the rest 

of the country and bisects the conceptual area of the proposed Southern Belize Corridor. 

Five cacao farms were chosen out of a total of nine potential farms that include cacao and 
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clear-cut land. Farm sizes ranges from 6 to 12 acres, with the smallest area under cacao 

being 1.5 acres and the largest at 8 acres. All farms were at least 2km apart and spread 

across five different communities (Table 7).  These five cacao farms are adjacent to or in 

close proximity to patches of forest that are connected via the many areas of land in 

fallow. 

 

Figure 3. Study area showing differing densities of vegetation within the landscape. Dark green 

represents healthy, unaltered forest. Light green represents land with varying degrees of 

regeneration no more than 10 years old. Light orange represents areas under current cultivation 

of corn and other crops. Black dots represent the selected farm locations.  

Table 7. Characteristics of five farms chosen within several community lands in the MGL 

 FARM 1 FARM 2 FARM 3 FARM 4 FARM 5 

Area (Acres) 6 8 6.5 6 12 

Area Under Cacao 

Production (Acres) 

4 6 5.5 4 1.5 

General Location Golden Stream 

Village 

Indian Creek 

Village 

Hickatee 

Village 

Silver Creek 

Village 

San Miguel 

Village 

Age (Years) 20 20 8 5 25 

Canopy Cover 90% 40% 50% 30% 80% 

Canopy Height ~ 4 m ~ 8 m ~ 4 m ~ 5 m ~ 6 m 

Distance From Roads ~ 100 m ~ 70 m ~ 20 m ~1 km ~ 20 m 

Adjacent To Forest Patch Yes Yes Yes Yes No 
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Mammal surveys 

One camera trap was place on the perimeter of each farm, facing towards the centre of 

the farm. Where possible, cameras were placed in close proximity to game trails and 

under canopy. Cameras were moved only once to another location within the farms in 

order to maximize the probability of detecting more species. Number of cameras and 

location changes were subject to resource limitations. In contrast to the bird surveys, the 

mammal surveys aimed at documenting all the mammal species that may occur in the 

farms although indicator species under the BRIM strategy were considered as another 

important layer of information for reference in this study. Cameras were checked twice 

every month to change the batteries and retrieve the data collected. Species were 

identified following Reid (2009). All photographs were sorted by farm and the data 

entered into a database and prepared for analysis.  

Remote sensing analysis  

A Landsat 8 OLI image of southern Belize taken on November 19, 2016 was used to 
assess vegetation cover within the study area. Spatial resolution for the imagery was 30m 
on Path 19 Row 49. YaĦaxchéĦs GIS officer Caitlin Furio did the photo-interpretation and 
classification. For more information on Landsat 8 OLI imagery visit 
https://lta.cr.usgs.gov/L8.  

Data analysis   

Diversity profiles were produced allowing a combination of relative abundances, 

individual farm diversity and effective number of species in a graphic format. These 

profiles provides an overview of dominance within the farms and effective number of 

species calculated through the two main diversity indices (Species richness [R], ShannonĦs 

index [H] and SimpsonĦs index []˂). All diversity analysis was conducted using PAST 3.14.  

Farm visits were subject to human resource availability and weather conditions and as 

such sampling effort varied from farm to farm. To account for differences in sampling 

effort and to make viable comparisons among farms, sample rarefaction curves were 

produced. Comparisons were made at the minimum number months (sample period) 

surveyed for mammals. Rarefaction calculations provide the expected number of species 

out of a random number of visits and plots the average number of species as a function of 

the number of visits/sample period. Plotting the curves allows another graphic 

representation of richness with species accumulation over time/effort allowing for 

modifications in effort for future surveys. 

  

https://lta.cr.usgs.gov/L8
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Tree monitoring 

Study area 

In 2013, YaĦaxché began a monitoring program for 100 rosewood (Dalbergia stevensonii) 

trees in Golden Stream Corridor Preserve. GSCP is primarily comprised of the preferred 

habitat of D. stevensonii, Ĩbroken ridgeĩ forest on inner coastal plain alluvium, and is likely 

one of the last strongholds of the species in Belize. The monitored individuals were 

tagged at 4 different sites in GSCP: Hope Creek, Behind Greenhouse, Opposite Field 

Station, and Downstream (HC, BGH, OFS, and DS, respectively). These sites are mapped 

in Figure 4. 

Data collection 

In May 2013, initial size measurements of the trees were taken. Ocular height in meters 

was recorded for each tree. The same researcher estimated ocular height within each site 

(though not necessarily between sites) to minimize discrepancies in measurements. 

Diameter at breast height (DBH) of the main stem for each tree was measured at 1.3m 

with diameter tape. The trees were classified into size classes of the following groups: 5-

10cm DBH, 11-20cm DBH, 21-30cm DBH, 31-40cm DBH and 41-50cm DBH. In June of 

this year, YaĦaxché conducted the first re-measurement of height and DBH of the trees in 

order to assess their growth rates. 

As the established sites are located along regular patrol routes in GSCP, YaĦaxchéĦs 

rangers have carried out monthly phenological monitoring (i.e. timing of flowering and 

fruiting periods) of these trees since October 2013. Trees were visited at least once 

every three months at the less accessible Downstream site and once per month at each of 

the other three sites. When a tree was determined to be dead, a suitable nearby 

replacement tree was identified and size measurements taken. 
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Figure 4. Location of 100 D. stevensonii trees used in analysis (Golden Stream Corridor Preserve, 

Toledo District, Belize) 

Data analysis 

Growth rates were calculated overall and for each diameter size class of D. stevensonii. 

Comparisons of the proportion of observed flowering and fruiting individuals between 

size classes of D. stevensonii were made. Patterns in the length and frequency of annual 

flowering and fruiting events during the monitoring period were described. 

In combination with growth rate data, information on tree phenology contributes 

valuable information on long-term reproductive patterns and population processes that 

are still undetermined for this hardwood species. 

Weather  

BelizeĦs weather is characterized by a rainfall gradient that increases roughly from north 

to south (Figure 5). The countrywide coverage is extrapolated from several weather 

stations distributed across the country, with a limited set of stations in the southern part 

of the country. In addition to the countrywide gradient that exists, several localized 

rainfall gradients are expected along the central mountain range. However, like southern 

Belize, inland and higher elevation regions in the Maya Mountain massif are also 

underrepresented with weather data collection sites; therefore, gradients in these 

regions are not well defined. 












































































