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Figure 1: Station #6 Boden Creek Trail, April 3, 3008 03:47h, likely pair, camera trap 
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Country    Belize 
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Precise Coordinates   Latitude North 1801743.4487 

Longitude West 306915.552998 
Monitoring Agent Virginia Polytechnic Institute and State University, 

Conservation Management Institute (CMI) 
(http://www.cmiweb.org/)  

Validated / Verifier    SCS Forestry (http://www.scscertified.com/sitemap.php)  
Registry     Markit (http://www.markit.com/en/)  
Project Owner  Boden Creek Ecological Preserve (BCEP) 

(http://www.belizelodge.com/en/index.html)  
Project Developer Forest Carbon Offsets LLC (FCO) 

(http://www.forestcarbonoffsets.net/)  
Project Contact Person  Jeff Waldon 
Title     Vice President 
Organization    Forest Carbon Offsets, LLC 
Address 2121 Eisenhower Avenue, Suite 200, Alexandria, Virginia 

22314, USA 
Telephone Number   +1 (540) 230-2854 
Website    http://www.forestcarbonoffsets.net/ 
 
Carbon Accounting Certification Intergovernmental Panel on Climate Change’s 2006 

Guidelines for National GHG Inventories for Agriculture, 
Forestry and Other Land Use1 

Carbon Project Quality Standard Climate, Community, Biodiversity Standard (CCB) 
Methodology Baseline and Monitoring Methodology for Project 

Activities that Reduce Emissions from Deforestation on 
Degrading Land by Terra Global Capital LLC and 
Community Forestry International Inc.  

CCB Tenure    2006 to 2029  
CCB Project Initiation  2006 
 Boden Creek Tract  2006 
 Whitney Tract   2006 
Emissions Avoided mtCO2e 
 Ex-Post   98,587 mtCO2e 

Ex-Ante   1,908,718 mtCO2e 
Total    2,007,305 mtCO2e 

 

                                                 
1 The intent of the developer and landowner is to double verify this project against the Voluntary Carbon Standard as 
soon as a suitable methodology is available for use. 
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Executive Summary 

This project (“Project”) conserves 12,876 acres (5,211 ha) in Belize, Central America for a 
project period of 24 years resulting in  2,007,305 metric tons of total avoided emissions of CO2-
equivalent (Table 13: Annual avoided emissions). Belize Lodge and Excursions (BLE) is the 
ecotourism operator within the Boden Creek Ecological Preserve (BCEP). BLE leases the rights 
to operate from BCEP allowing for significant co-benefits in job creation and biodiversity 
conservation. Extensive monitoring is proposed addressing carbon, biodiversity, and community 
impacts. Climate, Community, and Biodiversity Standard Gold Level is achieved by virtue of 
significant biodiversity resources conserved on the property and critical location of the property 
in the immediate watershed of the Port Honduras Marine Sanctuary and comprising a large part 
of the Golden Stream Conservation Corridor.   

Project owner is Boden Creek Ecological Preserve (BCEP) who acts as manager and Project 
owner. Forest Carbon Offsets, LLC (FCO) is Project developer. The Conservation Management 
Institute (CMI) at Virginia Tech is Project monitor. Independent third party validation has been 
performed by SCS.  

The Project follows the carbon accounting principles of conservatism, accuracy, completeness, 
transparency, consistency, and relevance. 
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Acronyms 
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General Section 

 
 
G1. Original Conditions in the Project Area 

 
G1.1. Project Area Location and Physical Parameters 
 
The Boden Creek Ecological Preserve (“the Project”) is located in the district of Toledo, about 
23 km north of Punta Gorda, Belize. The Project boundary consists of 12,876 acres of which 
12,876 acres are available for aquaculture, industrial logging and commercial agriculture 
according to Belize’s national plans for agriculture2 and aquaculture development3 in the absence 
of finance from any carbon trade scheme.  
 
The Project site is situated at Latitude North 1801743.4487 and Longitude West 306915.552998 
in the municipality of West Toledo District, Belize. 
 
The Project’s boundaries are defined by the 2,300 acre Pine Hill Mennonite Community, the 
18,573 acre Seven Hills Estate, the 5,416 acre Manatee Creek Parcel, the 9,554 acre Golden 
Stream Parcel, and Indian Creek Village.  
 
Belize has a diverse society, composed of many cultures and languages. Although Creole and 
Spanish are also widely spoken among the populace, Belize is the only country in Central 
America where English is the official language. It is bordered by Mexico to the north, Guatemala 
to the south and west, and the Caribbean Sea to the east. With 8,867 square miles (22,960 km²) 
of territory and 307,899 people (2008 estimate), the population density is the lowest in the 
Central American region and one of the lowest in the world. However, the country's population 
growth rate, 2.15% (2009 estimate), is the highest in the region and one of the highest in the 
Western Hemisphere.4 
 
The Boden Creek Ecological Preserve (BCEP) is a private preserve made up of lowland tropical 
broadleaf forest operated by Belize Lodge and Excursions (BLE). BLE is an ecotourism 
enterprise with several eco-lodges and tourism packages that promote conservation, community 
development and the use of sustainable practices within BCEP (Figure 2: Boden Creek 
Ecological Preserve in Belize). The Project is located at the foot of the Maya mountains in the 
Toledo district of southern Belize, an isolated and sparsely populated district in Belize. The 
Project is within the Toledo District with the nearest town Punta Gorda (Figure 3: Political map 
of Belize). 
 
                                                 
2 National Food and Agriculture Policy (2002-2020).  Available at 
http://www.agriculture.gov.bz/PDF/Policy_Document.pdf accessed 1/21/2010. 
3 National Aquaculture Zoning Plan for Belize: Schedule I (DRAFT).  Available at 
http://www.coastalzonebelize.org/reports/draft_nationa_aquaculture_policy.pdf  accessed 1/21/2010. 
4 https://www.cia.gov/library/publications/the-world-factbook/geos/bh.html.  
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Figure 2: Boden Creek Ecological Preserve in Belize 
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Figure 3: Political map of Belize 
 
Soils throughout the BCEP are derived from mudstones, sandstones limestone deposits. Soils are 
moderately shallow clays that are fairly well drained (Baillie 1993). The soils are underlain by 
flat-bedded mudstones with some minor sandstones and limestones. Most soils are clay and well-
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drained while calcium and magnesium are present. The soils are moderately acidic (Baillie 
1993).  
 
The climate of Belize is characterized by two seasons: a rainy and a dry season. In Belize, most 
of the year’s rainfall occurs from June to November with a sharp transition, from dry to the rainy 
season for the Toledo District. Mean annual rainfall across Belize ranges from 60 inches 
(1524mm) in the north to 160 inches (4064mm) in the south.  Except for the southern regions, 
the rainfall is variable from year to year. The average rainfall per month on the Project site 
ranges from a low of 90 mm in March to a high of 750 mm in July (Table 1: Average rainfall 
(mm) per month, Punta Gorda, Belize). 
 
Table 1: Average rainfall (mm) per month, Punta Gorda, Belize5 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
160 100 90 100 160 590 750 700 520 300 230 190 

The main weather features that affect rainfall are tropical waves, tropical storms and hurricanes 
which move westward through the Caribbean from June to November. Tropical waves can be 
active or inactive systems and peak activity occurs during the months of June and July. Tropical 
storms and hurricanes peak during the months of September and October even though they vary 
in number from year to year (Table 2: Total number of hurricanes and tropical storms that have 
landed on Belize 1889-2000).  

Table 2: Total number of hurricanes and tropical storms that have landed on Belize 1889-20006 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
0 0 0 0 0 5 4 3 15 9 3 0 
 
The average monthly temperature for the Project site ranges from  average minimum of almost 
19 
 C in January to an average maximum of 32 
 C in May (Table 3: Monthly temperatures in 
Celsius for Punta Gorda, Belize). 
 
Table 3: Monthly temperatures in Celsius for Punta Gorda, Belize7 
 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Average 
Max 

28.2 28.4 30.1 31.7 32.2 31.7 30.7 31.2 31.5 30.7 29.8 28.7 

Mean 23.2 24.7 26.0 27.0 28.0 28.1 27.7 27.8 28.0 27.0 26.1 25.0 
Average 
Low 

18.5 19.0 19.8 21.0 22.0 23.0 22.5 22.5 22.5 22.0 21.0 19.8 

 

                                                 
5 http://www.hydromet.gov.bz/.  
6 Belize National Meteorological Service. 
7 http://www.hydromet.gov.bz/Climate_Summary.htm.  
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G1.2. Types and Condition of Vegetation at the Project Area 
 
The Project is managed as a wildlife sanctuary and natural area with the goal of maintaining and 
improving native floral and faunal diversity. Natural and anthropogenic disturbance have 
influenced the structure and composition of vegetative communities of the Mayan lowlands for 
centuries. Hurricanes and tropical storms occur within the Caribbean basin every year though the 
frequency of landfall varies greatly. The southern region of Belize has one of the lowest 
frequencies of hurricane landfall in the Caribbean with an average of one landfall every 23 years 
(Lugo et al. 2000). 
 
In 2001 Hurricane Iris, a category 4 storm, made landfall near Monkey River Town, Belize just 
north of the Project and the surrounding Golden Stream corridor. With winds exceeding 140 mph 
at the time of landfall, a storm as severe as Iris is a relatively uncommon event, and the hurricane 
impacted the forest within the Project. Nevertheless the flora and fauna of the lowland forests are 
adapted to hurricane disturbance and quickly began to recover. The carbon projections for the 
site reflect a recovering forest growing rapidly back to pre-hurricane conditions. Periodic 
impacts from hurricanes are important factors in maintaining some vegetation types that are 
important habitats for Baird’s tapir and other animals that are prey for jaguars and other 
predators. In fact, the Baird’s tapir is that national mammal of Belize. The Project site is 
dominated by tropical wet forest (Table 4: Vegetation types and acreage on the Project property 
and Figure 4: Vegetation map of the Project property) with minor components in other land 
cover types. The project only considers the forest component of the property. 
 
Table 4: Vegetation types and acreage on the Project property 

  

  

  

Land Use Land Classification  Type Acreage 
Tropical Wet Forest  12,476 
Grassland  288 
Wetland  59 
Water  36 
Discrepancy 17 
Total 12,876 
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Figure 4: Vegetation map of the Project property8 

                                                 
8 Note that the “Settlements” class includes all anthropomorphic land use such as roads, clearings, etc. 
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G1.3. Project Boundaries of the Project Area and the Project Zone 
 
Project area boundaries are shown in Figure 5: Project Area: Forest vs. Non-Forest Map. The 
project area is primarily forested, coastal plain. The area is bounded on the north by the Southern 
Highway where past land use included citrus and various agricultural activities. These areas of 
the property were replanted with native tree seedlings when the property was purchased. These 
are areas are excluded from this project because of methodological and accounting concerns, but 
will continue to contribute to the carbon sequestration value of the property for the life of the 
project. There is a slight discrepancy (approximately 17 acres) between the recorded deeds for 
the property and the property boundary used in the GIS.  Only the forested acreage is considered 
a part of the project (12,476 acres) so any potential loss as a result of allocating the 20 acres is 
more than balanced with the exclusion of the rest of the property.  In the future a new survey of 
the property is recommended to resolve the discrepancy. It is typical in Belize for small 
discrepancies to occur on large properties due to the lack of accuracy of surveying techniques 
used in the past.  
 
The project zone includes wet tropical forest that is not currently zoned as a national protected 
area within the same elevation as the Project (Figure 9: Project Zone: Reference area used to 
calculate regional deforestation rates). The project zone does not include the submontane broad-
leaved moist forest and the submontane broad-leaved wet forest near the Project because this 
forest is at a much higher submontane elevation; hence, the drivers for deforestation of the 
submontane region are different than for the lowland broad-leaved wet forest and the lowland 
broad-leaved moist forest that are including in the project zone. 
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Figure 5: Project Area: Forest vs. Non-Forest Map 
 
G1.4. Carbon Stocks within the Project Area  
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The approach to measuring carbon stock in the Project was based upon the “Sourcebook for 
Land Use, Land-Use Change and Forestry Projects” (Pearson et al 2005) and the draft “Baseline 
and Monitoring Methodology for Project Activities that Reduce Emissions from Deforestation 
on Degrading Land: Version 2. 0” (Terra Global Capital LLC, May 1 2009).9  These methods 
comply with the Intergovernmental Panel on Climate Change’s 2006 Guidelines for National GHG 
Inventories for Agriculture, Forestry and Other Land Use. 
 
Within the Project area, ten cover type classes were identified based upon a preliminary field 
data collected in 2008 (Emrick and Dorr 2008). Of these ten classes, three classes represent 
native forest cover classes with the remaining seven made up primarily of human managed and 
influenced classes and water features. The three forest classes all met the definition of “Forest” 
under the criteria of United Nations Intergovermental Panel on Climate Change (UNIPCC) 
guidelines.10 However because of Hurricane Iris in 2001 and the resultant disturbance to forest 
structure, each class likely represented a recovering successional stage of the regional forest 
cover type. Thus, for the purposes of assessing carbon stocks within the Project area, the three 
separate classes were combined into a single Tropical Wet Forest cover type and the remaining 
classes were categorized into one of the six Land Use Land Cover classes (Forest Land , Crop 
Land, Grass Land, Wetlands, Settlements and Other Land) defined by IPCC (Table 4, figure 4).11  
 
The carbon pools selected for measurement are the above ground tree (> 5cm diameter at breast 
height) and below-ground biomass. Lianas, down or standing dead wood, or leaf litter were not 
measured, which resulted in a conservative estimation of carbon stocks. No extractive forestry 
operations are allowed thus negating the need to measure the forest products carbon pool.  
 
The methods for measuring above ground biomass followed the Sourcebook for Land Use, Land-
Use Change and Forestry Projects (Pearson et al 2005). Because destructive sampling was not 
practical to measure above ground carbon stocks, published allometric equations were used to 
determine aboveground biomass based upon the diameter at breast height (DBH) of hardwood 
trees and the height of palms. As a result, the following forest inventory techniques were used to 
collect the appropriate data.  
 
In 2008, 14 forest plots were established as a pilot study to assess the structure and volume of the 
forests at the Project site (Emrick and Dorr 2008). Data collected from these plots was used to 
calculate the sample size using a 10% precision level and a 95 % confidence interval (Equation 
1: Sample Size Equation Pearson et al 2005).   
 

                                                 
9 http://v-c-s.org/methodology_bammfoatrefdodl.html. Carbon accounting data is applicable under other carbon 
accounting methodologies  
10 http://www.ipcc-nggip.iges.or.jp/public/2006gl/vol4.html.  
11 http://www.ipcc-nggip.iges.or.jp/public/2006gl/vol4.html. 
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Equation 1: Sample Size Equation Pearson et al 2005 

 

Where: 

·  E = allowable error or the desired half-width of the confidence interval.  Calculated by 
multiplying the mean carbon stock by the desired precision (that is, mean carbon stock * 
0.1, for 10 percent precision, or 0.2 for 20 percent precision, 

·  t = the sample statistic from the t-distribution for the 95 percent confidence level. t is 
usually set at 2 as sample size is unknown at this stage, 

·  Nh = number of sampling units for stratum h ( = area of stratum in hectares or area of 
the plot in hectares), 

·  n = number of sampling units in the population (n = �  Nh) 
·  sh = standard deviation of stratum h. 

The sample size required to achieve the desired precision and confidence was 19 forest inventory 
plots. However, to ensure that the full range of variability was captured in the ‘Forest Land’ class 
on the Project site, a total of 26 forest inventory plots were allocated. Plots were randomly 
allocated within the ‘Forest Land’ land-use and land cover (LULC) class using geographic 
information systems (GIS) and identified by specific XY coordinates (Table 5: UTM locations of 
forestry plots used to determine aboveground biomass (coordinates are in WGS 84 zone 16) and 
Figure 6: Location of forest sample plots at BCEP).  
 
Once forest inventory plots were allocated, field crews navigated to the plot locations using 
global positioning system (GPS) software and with assistance of local guides. Data collection 
was based on a nested circular plot design.  All trees 5 - 20 cm DBH were tallied within a 4 
meter radius of the plot center, all trees 20 - 50 cm DBH were tallied within a 14 meter radius of 
plot center and all tree  >  50 cm DBH were tallied within 20 meter radius from plot center. 
Palms were selected for height measurements based upon the same criteria. Each tree was named 
to species, if possible, the DBH recorded and placed into one of the following height classes: 0 - 
1 meter, 1 - 3 meter, 3 - 6 meter, 6 - 10 meter, 10 - 20 meter, and 20 + meter.  Every tree tallied 
was tagged and given a unique ID number for future monitoring. 
 
Table 5: UTM locations of forestry plots used to determine aboveground biomass (coordinates are in WGS 84 
zone 16) 

Plot ID X coordinate Y coordinate 
1 307222.69 1801040.94 
2 310013.65 1804372.77 
3 306734.00 1805336.43 
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4 309545.85 1799665.00 
5 310372.51 1803893.54 
6 305126.00 1800215.74 
7 307017.70 1803583.75 
8 307917.78 1805047.17 
9 307805.75 1804325.92 
10 306569.12 1801938.17 
11 307239.00 1800066.00 
12 310191.70 1803070.84 
13 307140.12 1801838.37 
14 308037.56 1805429.38 
15 305784.00 1800156.00 
16 307516.69 1805714.76 
17 309331.70 1802437.66 
18 308702.96 1805334.38 
19 307560.82 1806107.99 
20 307593.74 1799863.71 
21 304106.00 1800663.00 
22 304949.00 1800058.00 
23 308801.12 1804441.45 
24 311735.00 1803043.00 
25 312012.00 1803278.00 
26 312003.00 1802413.00 
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Figure 6: Location of forest sample plots at BCEP 
 
Three separate allometric equations were used to calculate above ground biomass (Equation 2: 
Three allometric equations for calculation of above ground biomass at Project site (Pearson et al 
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2005)). Equation #2.1 was used for tropical hardwoods in areas receiving > 4000 mm of annual 
rainfall, Equation #2.2 was used for Cecropia spp, and equation #2.3 was used for all species of  
palm.  

 
Equation 2: Three allometric equations for calculation of above ground biomass at Project site (Pearson et al 
2005) 

General Classification Species Group  Equation  Maximum 
DBH 

  Equation #2.1 Wet 
(>4000mm rainfall) 

General 
Biomass = 21.297 – 6.953 * 
DBH + 0.740 * DBH2 
  

112cm 

Equation #2.2 Cecropia 
spp 

  
Cecropia species 

Biomass = 12.764 + 0.2588 * 
DBH2.0515 
  

40cm 

Equation #2.3 Palms 
Palms(asai and 

pataju) 

Biomass = 6.666 + 12.826 * 
height0.5 * ln(height) 

33 meter 
height 

 
The measurement of below-ground biomass is a time consuming and difficult task.  However 
there are effective and accurate regression equations that allow calculation of below-ground 
biomass from above ground biomass. For below-ground biomass, the following regression 
equation from Pearson et al (2005) was used (Equation 3: Below ground biomass regression).  
 
Equation 3: Below ground biomass regression 
 BB = exp(-1.0587 +0.8836 x ln ABD) 
 
Where:  
BB= belowground biomass density, and  
ABD= aboveground biomass density 
 
Within the Project area we measured a single strata (Tropical Broadleaved Wet Forest). The 
following are the C stocks for this strata at BCEP (Table 6: Summary of C stocks in the Tropical 
Wet Forest Strata at Project site). 

 
Table 6: Summary of C stocks in the Tropical Wet Forest Strata at Project site 
Year 
(n=25)12 

Mean Above 
Ground Biomass 
(C mt /ha) 

Mean Below-
ground Biomass 
(C mt /ha) 

Total 
Biomass 
(C mt /ha) 

Half width of 
95% 
Confidence 

Mean 
Mt CO2e 

2009 47.583 10.383 57.967 +/-26.091 212.547 

 
In addition to summary of total carbon in biomass we converted this figure to CO2 equivalent by 
multiplying the total C biomass stocks by 44/12. 

 
G1.5. Communities Located in the Project Zone 
 
                                                 
12 An outlier was removed from the analysis.  
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Indian Creek Village is a Kekchi Maya Village located in the Toledo District of Southern Belize. 
The village is a collection of Kekchi Mayan houses stretched along the Southern highway about 
25 miles north of Punta Gorda. Indian Creek village does have a school with grades 1-8 and 
several churches. With the exception of BLE there are limited local jobs other than farming. 
 
The Pine Hill Mennonite Community is reclusive and interacts minimally with others from 
outside their community. 
 
G1.6. Current Land Use and Land Tenure in the Project Zone 
 
The Project is in the Toledo District of Southern Belize, Central America (Figure 7: Project and 
neighbors). The Toledo District is Belize's southernmost and poorest region, yet has the greatest 
ecotourism potential because of its vast areas of undisturbed habitat, excellent populations of 
tropical birds and charismatic megafauna, high concentration of protected areas, and low 
population density. Land use directly impacts the health of the Port Honduras Marine Reserve, a 
world-class coral reef/mangrove system that supports a large part of the ecotourism potential of 
the district.   
 
Currently there are two protected areas east of the Project. These are the Golden Stream Parcel 
9,554 acres owned by FFI / YCT and Manatee Creek Parcel 5,416 owned by Fauna & Flora 
International (FFI) / Ya’axché Conservation Trust (YCT). Together these two parcels along with 
the Project create the Golden Stream Corridor Preserve (GSCP). 

The GSCP was developed in 1998 by FFI and BLE because the region was under significant 
threat from industrial logging, citrus cultivation and shrimp farming. Forming a key component 
of the Mesoamerican Biological Corridor13, the area contains 300 recorded tree species, a diverse 
assemblage of mammals including threatened species such as jaguar and Baird’s tapir, and 40% 
of Belize’s bird species. 

The Project is part of a regional coordinated “ridge to reef” strategy for both conservation 
management and sustainable development in the Golden Stream Watershed.  The Golden Stream 
Watershed drains directly into the Port Honduras Marine Sanctuary.  Land use change in the 
Golden Stream Watershed and nearby watersheds has been identified by Fauna and Flora 
International as a risk factor for reef habitats.14  

This is an area that represents one of the last major links in Central America of lowland tropical 
broadleaf forest connecting the marine environment with the terrestrial, an area of nearly 1.2 
million acres of nationally protected lands.15 

                                                 
13 See http://www.tbpa.net/case_10.htm for more information regarding the Mesoamerican Biological Corridor. 
14 http://www.fauna-flora.org/docs/Project_list_2009_for_web.pdf . 
15 http://earthtrends.wri.org/text/environmental-governance/map-478.html.  
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Figure 7: Project and neighbors 
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In 1997, BLE was able to secure the first property, and in 2002 BLE was able to secure the 
second property. Both of which were being threatened with conversion for citrus and banana 
farms, and aquaculture development along the coast. BLE made the purchase of 12,876 acres of 
a portion of the identified 60,000 acres for their ecotourism operation and established the Boden 
Creek Ecological Preserve (BCEP). BLE also founded an NGO, the Golden Stream Corridor 
Preserve, that was able to purchase two other parcels (15,038 acres) through fundraising efforts 
of BLE.16 The Toledo Institute for Development and Environment (TIDE) another NGO working 
in the Port Honduras Marine Reserve, an area south of the Golden Stream watershed and 
managing Payne's Creek National Park, was able to acquire a 12,500-acre block through a debt-
for-nature swap with the Government of Belize and the United States with help from The Nature 
Conservancy and BLE.17 TIDE was also able to work out a management agreement with the 
owners of the remaining 18,300-acre block within the watershed. There are no ongoing property 
disputes with this property and the Project.  Copies of the property deeds are available from the 
Project Developer.  

G1.7. Current Biodiversity within the Project Zone 
 
An initial biodiversity study was conducted and documented in 2001 (Bowen-Jones 2001).  
Focusing on conducting a base-line assessment of the biodiversity in Belize Lodge Excursion’s 
land, concentrating on threatened, charismatic, and indicator taxa, and their geographical 
distribution within the watershed, to provide key biological information for conservation 
management. A two-year biodiversity assessment was conducted from 2008 - 2009 (Miller et al 
2009, and Miller and Miller 2008). This assessment focused on monitoring small mammals, 
medium - large mammals, bats, and birds. This was a follow up to the initial 2001 study (Bowen-
Jones 2001) which also focused on faunal biodiversity.  
 
During the 2008-2009 biodiversity assessment the most robust and effective methods of survey 
were employed for each specific target taxonomic level. Small mammals were surveyed for the 
ecological services provided as seed dispersal and food supply by live capture with Sherman live 
traps. Medium - large mammals were surveyed using remotely triggered camera traps because of 
the known occurrence of very rare, high profile mammals such as jaguars and Baird’s tapir and 
the keystone ecological function that these animals provide in tropical systems. Bats were 
surveyed using Anabat acoustic sampling and physical capture because of the highly reliable 
nature of the data.18 In tropical systems, bats also provide critical ecological functions and 
populations respond quickly to changes in resource availability.  Bird fauna was surveyed using 
visual and acoustic point count methods because they are highly visible and easily identified and 
are critical components to ecosystem health and function.  
 
These biodiversity assessments resulted in the documentation of 85 species of mammals 
occurring on the Project site. Of the 85 species of mammals documented, 11 are listed at various 
levels of special conservation concern (Table 7: Mammals of special conservation concern 
documented on the Project site). Two of these mammals, the Least Sac-winged Bat 
(Balantiopteryx io) and the Van Gelder's bat (Bauerus dubiaquercus) are listed as endangered by 

                                                 
16 http://www.fauna-flora.org/goldenstream.php.  
17 http://www.tidebelize.org/.  
18 http://www.titley.com.au/ViewContent-AnaBat-Systems-by-Titley-Scientific.  
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the International Union of Conservation of Nature (IUCN-E), plus three other species are listed 
as vulnerable (IUCN-Vu), the Baird's tapir (Tapirus bairdii), Collared peccary (Pecari tajacu), 
and White-lipped peccary (Tayassu pecari).  In addition to the above, jaguars (Figure 8: Station 
#6 Boden Creek Trail, April 3, 3008 03:47h, likely pair with inset photograph captured 30 
seconds earlier (Miller and Miller 2008)]) and ocelot were documented on the property. The 
Project site is one of the very few coastal habitats remaining in Belize maintaining a population 
of jaguars and ocelot (Miller and Miller 2008).  In addition two other species of concern are 
occur on the margins of the property, the Antillean West Indian Manatee (T. m. manatus) – 
IUCN-Vu, and the Morelet’s Crocodile (Crocodylus moreletii) – IUCN - conservation 
dependent.  Documented evidence of occurrence is lacking, but given anecdotal observations by 
Project cooperators (Ken Karas pers. comm.), and the existence of good habitat for both, these 
species are considered present, and the Project plan will result in significant additional protection 
for both species. 
 
A total of 210 bird species were documented on BCEP.  Twenty of these bird species also carry 
special concern status (Table 8: Birds of special conservation concern documented on the Project 
site).  Among them, the Yellow-headed Parrot (Amazona oratrix) is listed as IUCN-Endangered.  
 
Table 7: Mammals of special conservation concern documented on the Project site 

FAMILY Common name Scientific name T&E 

Emballonuridae Least Sac-winged Bat Balantiopteryx io IUCN-E 
Mormoopidae Ghost-faced Bat Mormoops megalophylla BZ-concern 
� Big Naked-backed Bat Pteronotus gymnonotus BZ-concern 
� Underwood's Long-tongued Bat Hylonycteris underwoodi BZ-concern 
� Dark Long-tongued Bat Lichonycteris obscura BZ-concern 
Vespertilionidae Van Gelder's bat Bauerus dubiaquercus IUCN-E 
Cebidae Black howler monkey Alouatta pigra BZ-concern 
� Spider monkey Ateles geoffroyi BZ-concern 
Tapiridae Baird's tapir Tapirus bairdii IUCN-VU 
Tayassuidae Collared peccary Pecari tajacu IUCN-VU 
� White-lipped peccary Tayassu pecari IUCN-VU 

 
Table 8: Birds of special conservation concern documented on the Project site 

Family Common name Scientific name Concern Status 

Podicipedidae� Pied-billed Grebe 
Podilymbus 
podiceps BZE-CC Winter – mig 

Anhingidae Anhinga Anhinga anhinga BZE-CC Resident 
� Great Blue Heron Ardea herodias BZE-VU Winter - mig 
� Snowy Egret Egretta thula BZE-VU Winter - mig 
Threskiornithidae White Ibis Eudocimus albus BZE-VU Resident 

Anatidae 
Black-bellied 
Whistling Duck 

Dendrocygna 
autumnalis BZE-VU Resident 

 Muscovy Duck Cairina moschata BZE-EN Resident 
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 Green-winged teal Anas crecca BZE-VU Winter - mig 
 Blue-winged Teal A. discors BZE-VU Winter - mig 
 Lesser Scaup A. affinis BZE-VU Winter - mig 
Rallidae Ruddy Crake Laterallus ruber BZE-CC Resident 
 Purple Gallinule Porphyrio martinica BZE-VU Resident 

Recurvirostridae Black-necked Stilt 
Himantopus 
mexicanus BZE-CC Winter - mig 

 
Brown-hooded 
Parrot 

Pionopsitta 
haematotis BZE-VU Resident 

 
Yellow-headed 
Parrot A. oratrix IUCN Resident 

 
Chestnut-sided 
Warbler D. pensylvanica BZE-CC Winter - mig 

 
Northern 
Waterthrush S. noveboracensis BZE-CC Winter - mig 

 
Rose-breasted 
Grosbeak 

Pheucticus 
ludovicianus BZE-CC Winter - mig 

 

 
Figure 8: Station #6 Boden Creek Trail, April 3, 3008 03:47h, likely pair with inset photograph captured 30 
seconds earlier (Miller and Miller 2008) 
 
G1.8. Project site High Conservation Values 
 
This project addresses multiple High Conservation Values (HCV) including habitat connectivity 
from montane to coastal habitats, protection of multiple documented species of national and 
international concern (see previous tables), and direct protection from land use impacts to the 
Port Honduras Marine Reserve. The baseline (without project) scenario of conversion to 
agriculture would dramatically reduce or negate the biodiversity value of the property and result 
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in deleterious impacts to the Port Honduras Marine Reserve and the coral reef systems it was 
established to protect. Due to the presence of several IUCN listed threatened species in the 
project area, the project area can be designated as a biological HCV area.    
 

 
 
G2. Baseline Projections 

 
G2.1. Baseline Land Use 

The financial situation of the enterprise is in question due to rising costs and highly variable 
bookings by visitors. Failure of the ecotourism venture would necessarily result in conversion of 
the forest to an agricultural crop, or liquidation of the assets of the company and sale of the land. 
National plans prioritize this area for additional aquaculture and citrus development, and the 
primary risk of land use conversion is from agriculture. Secondary risks from conventional, non-
sustainable logging also exist, and evidence of past logging activity is evident on the site. 

Commercializing the value of the avoided CO2 emissions will provide the capital required to 
keep the ecotourism operation solvent in the off season.  

Based on analysis of road access and topography 100% of the property could and likely will be 
converted to some form of agricultural use. Upland areas are more likely to be converted to 
citrus. Lowland areas are most likely to be converted to tilapia or shrimp aquaculture. Riparian 
areas of Belize are much more likely to be converted than upland areas, and the project site 
includes a large component of riparian areas. Due to a lack of spatial data of adequate resolution, 
this greater rate of deforestation in riparian areas is ignored making the estimates of deforestation 
pressure even more conservative. 

 
G2.2. Additionality 
 
Without the Project, the land is likely to be sold and converted to aquaculture and/or citrus.  
Conservation of native habitats will not occur. Significant runoff to the Port Honduras Marine 
Reserve would result with attendant negative impacts to water quality and stress to coral 
organisms. With predicted ocean temperature rise, and water quality degradation due to global 
climate change, coral die off is likely. 
 
G2.3. Carbon Stock Changes 
 
Approach 
 
We used an approach that assessed actual deforestation in the project zone and reviewed country 
and region wide rates to develop an accurate prediction of carbon stock changes in the project 
area. We based our assessment of carbon stock changes within the project zone on the draft 
“Baseline and Monitoring Methodology for Project Activities that Reduce Emissions from 
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Deforestation on Degrading Land: Version 2. 0” (Terra Global Capital LLC, May 1 2009) and 
country and region wide rates on published literature (Table 9: Summary of variable used to 
calculate carbon stocks and changes at BCEP).   
 
Table 9: Summary of variable used to calculate carbon stocks and changes at BCEP 

Variable Rate/ Data Notes/References/Data Sources 

Acreage of Boden 
Creek Ecological 

Preserve and  Cover 
classes 

12,476 acres  
tropical wet Forest 

 
 

Boundary data obtained from: 
http://www.biodiversity.bz/mapping/warehouse/. 

Classes were based upon IPCC (2006) 
guidelines. Acreages and classes determined 

from Landsat data. 

Baseline C stocks 55.967 C tons/ha 

Based upon forestry plots inventoried in 2009. 
Sample size was determine from pilot data 

collected in 2008 using equation from Pearson et 
al (2005). Plots were randomly allocated using 
GIS.  Used allometric equations in Pearson et al 

(2005) to calculate C stocks. 

Forest growth rates 6.3%/year 

Research Los Tuxtlas region of Mexico showed 
an aboveground biomass accumulation rate of 
6.3% (calculated from table 4) in secondary 

tropical forest very similar to those of the project 
area (Hughes et al 1999). 

Maximum C Stocks 318 tons C/ha 
Steady state maximum for southern Belize 

(Gibbs et al 2007) 

Deforestation Rate 2.3%/year 

Overall deforestation rates for Belize ranged 
from 13% (literature review) – 1.1% (regional 

reference area calculation) we chose the 
relatively conservative nationwide rate  

(FAO 2005). 

Allocation of 
Deforestation Rate 

 

We allocated the 2.1% of the deforestation 
among citrus and 0.2% to aquaculture based on 
the regional patterns identified in the reference 

area. 

Citrus growth rates 17.5% 
Selected a carbon accumulation rate for citrus 

(17.5%/year) that will reach the maximum of 25 
tons C/ha by the end of the crediting period. 

 
Agents and Drivers of Deforestation 
 
The Toledo district, where BCEP is located, is subject to a number of different deforestation 
drivers including conversion of forest land to crop-land (citrus or aquaculture) or grazing-land, 
conversion of forest land to settlements, illegal logging of timber for commercial use, and 
logging of timber for local and domestic use. Some of these drivers pose a much larger threat 
than others. The following is a “ranking” of the four drivers posing a threat both nationally and 
regionally to the BCEP based on available scientific literature. 
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1. Conversion to Agriculture. The most widespread driver in the Project area is the conversion of 
forest land to crop-land or grazing-land. This driver is particularly important because of the close 
proximity of several banana and citrus farms to the BCEP.  The agents associated with this driver 
are plantation companies, small-scale farmers, and ranchers. These farms provide an important 
economic opportunity to the people of Toledo. By1989 about 217,241 hectares, or about 10%, of 
the national land area had been converted from forest to agricultural land (FAO 2003). 
Furthermore, by the first half of the 1990’s it was estimated that 25,000 hectares of forested land 
were being lost yearly due to conversion to agricultural land (FAO 2003). 
 
2. Conversion of forest land to settlements. Population in the Toledo district has been steadily 
increasing and is a driver of deforestation through the need to expand and create settlements to 
accommodate a larger population. This increase in population is attributed to immigrants coming 
from politically unstable neighboring countries and internal movements of the population. 
However, the influx of people has slowed since 2004 to only 3% increase in population, opposed 
to the 49% increase from 1990-1991 (Moore 2007).     
 
3. Illegal logging of timber for commercial use.  Timber has played a huge part of the Belizean 
economy and until about 1940 forestry was the largest contributor to the GDP (FAO 2005).  
However, in 1999 the forest sector only contributed 1.6% to the GDP (FAO 2005).  Illegal 
logging has become a significant problem in Belize and approximately 60% of all logging in 
Belize is illegal (Young 2008). However the impact of illegal logging in the areas surrounding 
BCEP is lessened by the absence of good roads and many of the existing roads are seasonal and 
impassable for half of the year. Although it can still drastically affect tropical ecosystems, 
logging in this region is not a critical driver in deforestation because the loggers are highly 
selective (Chomitz and Gray 1996). Out of Belize’s approximately 700 species of trees, four 
species represented 79% of the timber processed in 1998 and 1999 (FAO 2005). Out of the 
60,145m3 of wood processed in 1999, 39% was harvested illegally (FAO 2005). 
 
4. Logging of timber for local and domestic use.  Logging for domestic use is a low impact driver 
of deforestation in the project area. Local people use several different forest products and have 
been doing so sustainably for hundreds of years. The Toledo district ethnically is predominately 
Mayan, with the highest percentage (65%) of Mayans in Belize (Levasseur and Oliver 2000). 
Although Mayans may use harsh methods for clearing farmland (slash and burn) there is little 
evidence they harvest wood for commercial use besides for local arts and crafts (Levasseur and 
Oliver, 2000).   
 
Deforestation Rates: Published Source 
 
Deforestation in Belize is a growing concern among many governmental and nongovernmental 
organizations and many consider it as the number one conservation threat facing Belize (Young 
2008). Until the 1960’s Belize had the greatest forest cover of any Central American country. 
However, during the latter half of the 20th century large-scale agriculture (bananas, citrus, sugar 
cane) overtook forestry as the primary driver of economic activity (Young 2008).  Recently large 
scale aquaculture operations (shrimp, tilapia) have increased rapidly causing increased 
deforestation in the coastal areas of Belize.  
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In the early 1980’s Belize had a deforestation rate of 0.2% per year, abruptly increasing in the 
late 1980’s and early 1990’s to approximately 1.2-1.5% (Wyman and Stein 2009, Lopez and 
Scoseria 1996). The FAO (2005) estimated that by 1989 Belize had lost over 10 % of the original 
forest cover.  Furthermore, FAO (2005) estimated that 5% of the secondary forests in the Toledo 
district, where BCEP is located, will be cleared for perennial export crops (primarily bananas and 
citrus) by 2012. Belize is currently experiencing a yearly deforestation rate almost double that of 
Central America (Young 2008). Current estimates show that Belize has a country-wide 
deforestation rate of 2.3% (FAO 2005).  However, deforestation rates in some areas such as 
riparian zones, are > than 13% annually (Young 2008) 
 
Reference Area Calculations 
 
We identified and selected a “reference area” in order to calculate regional deforestation rates. 
The project and reference areas were initially derived from the LULC classifications of the 
Landsat imagery. The elevation data used was the 2002 Shuttle Radar Topography Mission 
(SRTM) Elevation Dataset. Initially the ‘Forest’ class was extracted from this initial 
classification.  This was restricted to only those forest areas within elevations of zero to seventy-
five meters.  This area was further reduced by excluding any forest on a slope greater than three 
degrees. Finally, all protected areas were removed from the potential reference area. 
‘Distribution of native forest types’, ‘average elevation’, and ‘average slope’ are all within the 
boundaries laid out in the comparison procedure. ‘Relative area with slope greater than 2%’ does 
not meet the specified threshold; however an explanation is to follow. 
 
Forest class for the reference region is identical to the project area as only one forest type was 
used in defining both areas.  Therefore this meets the 10% criterion for proportionality.  Average 
elevation was well within the comparison procedure of 10% as well.  The project and the 
reference areas have an average elevation of 30.80 and 30.19 meters, respectively, putting the 
reference area within 2% of the project area.  The average slope was 1.15 for the project area and 
1.27 for the reference area which meets the 10% requirement (Figure 9: Project Zone: Reference 
area used to calculate regional deforestation rates). 
 
The percentage of slope over 2% was not within the guidelines. Although we believe this is 
largely due to the limitations of available datasets. Topographic data were derived from the 2002 
Shuttle Radar Topography Mission (SRTM) Elevation Dataset. Due to the course resolution of 
this data, approximately 90 meters, areas of increased slope would be exaggerated with regards 
to actual geographic area. Given the homogeneity of coastal plain elevation and the less than 
three degree restriction, we expect that the same calculations performed with higher resolution 
data would put the relative slope with the required comparison level. However, at this time the 
SRTM is the most accurate, spatially and temporally, elevation data for the study area. 
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Figure 9: Project Zone: Reference area used to calculate regional deforestation rates 
  
Detailed methods on the calculation of deforestation rates within the reference area are located in 
Appendix I: Reference Area Results. 
 
Table 10: Change matrix forest to non-forest 1993 to 2009 
LULC change matrix 1993 to 
2009 

Forest Non- Forest 1993 Total 
Hectares 

% Changed 

Forest 93,794 16,700 110,493 15.11% 
Non - Forest 868 0 868 100.00% 

2009 Total Hectares 94,662 16,700 111,361   
% Changed 0.92% 100.00%     

 
The overall annual deforestation rate from 1993-2009 was 15.11% or 1.1% annually (Table 10: 
Change matrix forest to non-forest 1993 to 2009). However this rate was not constant and varied 
from 0.5 % - 1.9% and was steadily increasing.  
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Estimate of Greenhouse Gas (GHG) Loss Baseline (Without Project) Scenario: Variable 
Selection 
 
To measure GHG loss in the baseline (without project) scenario we used the same carbon pools 
assessed in section G1.4 (above and below ground biomass). A critical factor in calculating 
changes in carbon pools within the project area is the recovery of the forest from the impact of 
Hurricane Iris. The current mean carbon pool (2009) is 57.967 C tons/ha (Table 6: Summary of 
C stocks in the Tropical Wet Forest Strata at Project site). This figure is well below the steady 
state maximum of 318 C tons/ha for southern Belize (Gibbs et al 2007). Thus we had to account 
for not only deforestation in the baseline scenario but the increase in above and below ground 
carbon pools as the forest matures over the project accounting period.  
 
References for Tropical Wet Forest growth rates for Central America are not numerous. 
However, a study from the Los Tuxtlas region of Mexico showed an aboveground biomass 
accumulation rate of 6.3% in secondary tropical forest very similar to those of the project area 
(Hughes et al 1999). Because southern Belize has higher rainfall compared to Los Tuxtlas region 
of Mexico we considered the 6.3% rate to be an appropriate and conservative figure to estimate 
biomass accumulation within the project area.  
 
Deforestation and conversion to agricultures is the driver of GHG emissions within the project 
area. The deforestation and agricultural conversion fall into two broad categories: 1) localized 
“milpa” farming near settlements, 2) industrialized farming of citrus, bananas, and aquaculture. 
Because milpa farming has a relatively small footprint with regard to deforestation, even with 
increasing population, we only considered the effect of conversion to industrialized agriculture. 
With an increasing population and high level of poverty (57.6% under the poverty line) in 
Toledo (FAO, 2005) people rely heavily on small gardens for food (small-scale farmers). The 
population of the Toledo district has more than tripled from 1970 to 2007 (from less than 9,000 
to 27,600) (Moore 2007). Until the 21st century most of the population was rural but recent 
internal migrations resulted in a concentration of the population in the coastal plain (Young 
2008).  
 
Overall deforestation rates for Belize ranged from 13% (literature review) – 1.1% (regional 
reference area calculation). After a thorough examination we concluded that neither of these 
rates was entirely applicable for predicting future GHG emissions. The 13% annual rate of 
deforestation is for floodplains and littoral zones (Young 2008). BCEP does have substantial 
floodplain acreage but it would be erroneous to apply this rate to the entire forest because it 
would overestimate future deforestation. The 1.1% annual rate is based on the reference area 
surrounding BCEP. This rate was determined from only three periods because high resolution 
accuracy assessment data is limited. Furthermore, the rate was increasing through time and is 
expected to increase because of...“Rapid and uncontrollable coastal development for residential 
and commercial purposes is an escalating threat to Belize's coastal zone…”(Young 2008). 
Therefore we believe this rate substantially underestimates future deforestation in the coastal 
plain where BCEP is located. Because of the wide variability in deforestation rates, we used the 
nationwide calculated and relatively conservative rate of 2.3% annually to calculate carbon stock 
changes in the baseline (without project) scenario (FAO 2005). We strongly recommend that 
during the course of monitoring carbon stock changes (section CL.3) the deforestation rates 
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should be revised through additional reference area data and/or updated published nationwide 
figures.  Expectations are that the 2.3% rate used will increase substantially in the future. 
 
The conversion of forestland to industrialized agriculture (i.e. citrus and banana plantations) does 
not result in a complete loss of carbon from the ecosystem. Available data indicate that citrus 
plantations can reach a maximum carbon stock of 25 tons C/ha for high yielding citrus 
plantations in Belize (FAO 2005).  However reliable published data for carbon accumulation in 
citrus plantations in Belize is not readily available. Therefore we selected a carbon accumulation 
rate for citrus (17.5%/year) that will reach the maximum of 25 tons C/ha by the end of the 
crediting period. As opposed to citrus plantations, conversion to aquaculture will result in a 
100% loss of carbon from the ecosystem. We allocated the 2.1% of the deforestation among 
citrus and 0.2% to aquaculture based on the regional patterns identified in the reference area.  
 
Ex-Ante Changes in Carbon Stocks 
 
We calculated without project (i.e. baseline) carbon stock changes using the following steps: 
 
Step1: Identify carbon pools. We used the carbon pools identified and carbon stocks calculated 
from field data assessments (G1.4) and used this figure (57.967 C tons/ha) as our 2009 starting 
point. 
 
Step 2: Choose appropriate deforestation rate. As discussed above the deforestation rates 
applicable to BCEP showed a wide degree of variation. We chose the published countrywide rate 
of 2.3% (FAO 2005). 
 
Step 3: Allocate deforestation rate. We allocated deforestation rates among the two agricultural 
types, aquaculture and citrus/banana plantations, based upon the distribution in ha of each in the 
reference area (0.2% and 2.1% respectively). 
 
Step 4: Determine and apply growth rates (i.e. Carbon accumulation) for each class.  The growth 
rates for Tropical Wet Forests were determined from regional published research (6.3%). The 
transition from Tropical Wet Forest to citrus does not result in a 100% loss of carbon from the 
ecosystem. Therefore we applied a growth rate of 17.5% to plantations. We assumed a 100% loss 
of carbon from aquaculture. 
 
Step 5: Baseline Carbon stocks at the end of the 20 year accounting period equals:  
 
=   2009 total carbon stocks (see section G1.4) * (tropical  forest growth rate – reduction in 
forested hectares from conversion to agriculture) +  (Citrus carbon accumulation rate * % 
increase in ha of citrus).  
 
Table 11: Ex ante 2010-2029 summary of GHG emissions for baseline and with project 

Without Project change in C 
stocks(baseline) 

LULC 20 year total C tons for 
project area 

Forest Land 7,614,468 
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The average predicted annual loss over 20 years equals 95,436 mtCO2e. 
 
Ex-Post Changes in Carbon Stocks 
 
Because the project accounting period began in 2006 we had to “back” calculate carbon stock 
changes from the carbon stocks measured in 2009. 
 
 
Table 12: Ex post (2006-2009) summary of GHG emissions for baseline and with project 

 
The average predicted ex post annual loss from 2006-2009 is 24,646 mtCO2e annually. Total 
annual avoided emissions are available in Table 13: Annual avoided emissions. 
 

Citrus Plantations 2,585 
 

total 7,617,054 
 

With Project change in C stocks Forest land 11,825,215 
 

 Net Total Change in C 
stocks/ha 

520,559 
 

Total GHG  loss over 20 years mt CO2e 1,908,718 

Without Project change in C 
stocks(baseline) 

LULC 4 year total C tons for 
project area 

Forest Land 1,001,891 
 

Citrus Plantations 61.4 
 

Total 1,001,953 
 

With Project change in C stocks Forest land 1,065,065 
 

 Net Total Change in C 
stocks/ha 

26,887 
 

Total GHG  loss over 20 years mt CO2e 98,587 
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Table 13: Annual avoided emissions 

 
 
G2.4. Baseline Communities 
 
Without Project, BLE is likely to close resulting in selling (or converting to agriculture) BCEP 
and a net job loss of approximately 90%. Water quality impacts from citrus and aquaculture are 
well documented problems for coral reef health.  
 
G2.5. Baseline Biodiversity 
 
Without the Project, this biodiversity rich region will be converted to agriculture further 
endangering regional species of concern (Table 7: Mammals of special conservation concern 
documented on the Project site and Table 8: Birds of special conservation concern documented 
on the Project site). In fact, biodiversity loss will be substantial including all the species of 
concern, plus all the large mammals. Clearing the property will result in significant landscape 
level fragmentation limiting species interchange along a large portion of coastline.  Impacts to 
reef will be substantial and all negative.19 

                                                 
19 http://www.wri.org/project/reefs-belize.  
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G3. Project Design and Goals  

 
G3.1. Major Climate, Community and Biodiversity Objectives 
 
The climate objective is to avoided emissions from deforestation ex ante (2010 – 2029) of 
1,908,718 mtCO2e and ex post (2006 – 2009) of 98,587 mtCO2e. 
 
The community objective is to secure 59 relatively high paying jobs. 
 
The biodiversity objective is to conserve habitat for 29 species of concern plus rare coastal 
jaguar and ocelot populations. Protect water quality for Port Honduras Marine Sanctuary. 

 
G3.2. Major Project Activities 
 
The Project will use carbon financing to avoid the threat of conversion to citrus agriculture 
and/or shrimp aquaculture. The success of this Project depends on the further implementation of 
the BLE business model by restricting removal of tree cover, maintaining staff for BLE to 
continue ecotourism operations, and maintaining patrol staff to eliminate trespass and illegal 
hunting and continue with biodiversity studies.  A substantial monitoring program will be 
undertaken by the landowner.  The monitoring protocol and baseline study will be conducted by 
staff of the Conservation Management Institute (CMI) at Virginia Tech.  CMI conducted the 
initial studies at BCEP and has significant field experience in Belize. 

 
G3.3. Location of Project Activities 
 
The Project is in the Toledo District of Southern Belize, Central America (Figure 7: Project and 
neighbors) The Toledo District is Belize's southernmost and poorest region, yet has the greatest 
ecotourism potential because of its vast areas of undisturbed habitat, excellent populations of 
tropical birds and charismatic mega-fauna, high concentration of protected areas, and low 
population density. Land use directly impacts the health of the Port Honduras Marine Reserve, a 
world-class coral reef/mangrove system that supports a large part of the ecotourism potential of 
the district.   
 
Currently there are two protected areas east of the Project. These are the Golden Stream Parcel 
9,554 acres owned by FFI / YCT and Manatee Creek Parcel 5,416 owned by Fauna & Flora 
International (FFI) / Ya’axché Conservation Trust (YCT). Together these two parcels along with 
the Project create the Golden Stream Corridor Preserve (GSCP). 
 
The project zone includes nearby communities that are impacted by the Project including Indian 
Creek Village and the Pine Hill Mennonite Community. 
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G3.4. Time-frame and Project Accounting 
 
The timeframe of the CCBA Project extends from 2006 through 2029. The Project began in 
2006. This project will be validated using the CCBA protocol “Climate, Community, and 
Biodiversity Project Design Standards Second Edition”  Plans include double validation against 
the Voluntary Carbon Standard using a methodology such as one currently in the methodology 
validation process entitled “Baseline and Monitoring Methodology for Project Activities that 
Reduce Emissions from Deforestation on Degrading Land” by TerraGlobal Capital LLC.   
 
G3.5. Project Risks and Mitigation Measures 
 
The greatest natural risk to the Project is a direct hit by a hurricane. Hurricane Iris struck the 
Project site directly in 2001 resulting in a massive blow down of trees. Therefore, this area is 
currently in a state of ecological regeneration as is much of the Toledo District likewise impacted 
in this natural cycle. A review of storm tracks from the last 100 years (Konrad 1996) and recent 
updated information from the National Hurricane Center in Miami suggest that the Project is in a 
lower range of risk from the impact of hurricane force winds (Figure 10: Impact risks of tropical 
storms and hurricanes over the past 100 years). While the Project does lie in an area of relatively 
low risk from hurricanes and tropical storms, historically there have been many hurricanes that 
peripherally impacted the southern coastal regions of Belize (Figure 11: Historical storm tracks 
impacting southern Belize). The data supplied by the National Hurricane Center provides the 
dates, names and estimated wind speeds and category of each of these storms. Recorded storms 
for the southern area of Belize range from 1906 to 2007 with 12 tropical storms and 10 
hurricanes. The hurricanes have comprised 6 Category 1, 3 Category 2 and a single Category 4 
which was Hurricane Iris in 2001. 
 
Meerman (2001) summarized the impact and damage of ecosystems due to Hurricane Iris:  

“What was immediately obvious that the level of destruction within the 
affected area was dependent on the type of ecosystem. Most severely 
damaged were the lowland broadleaf forests, particularly near the coast. Hill 
forests were usually severely damaged on the windward side while seemingly 
unaffected on the leeward side. Savannas and pine forests appeared to be 
affected least of all, with most pine trees (Pinus caribaea) still standing and 
having a more or less intact crown. Other “tree” species with apparently a 
great resistance to the wind forces exerted here include the Palmetto 
(Acoelorraphe wrightii) and seemingly green and intact stands of this species 
stood out very clearly in savanna regions all along the coast. Another species 
with a great resistance appears to be the Royal Palm (Roystonea regia), 
although entirely leafless in the Monkey River area, most boles of these 
palms were still standing. Damage was most dramatic in the broadleaf forests 
especially near the coast where wind forces were apparently highest.” 
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Figure 10: Impact risks of tropical storms and hurricanes over the past 100 years 
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Figure 11: Historical storm tracks impacting southern Belize20 

 

                                                 
20 BCEP lands indicated in red. 
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Figure 12: Impact of Hurricane Iris on southern Belize21 
 
Although much can be made of Hurricane Iris’ (October 2001) impact on BCEP (Figure 12: 
Impact of Hurricane Iris on southern Belize), it is, in fact, a natural occurrence. On October 4, 
1945 an un-named Category 1 hurricane passed directly over the current Project landscape. A 
case can be made that all of Belize and the Caribbean coastal areas of Mexico are in a state of 
regeneration from hurricanes throughout history. Tree species such as the mahogany are 
considered “hurricane dependant” with new seedlings generally sprouting in open areas after 
blow downs from such storms, while most mature trees can withstand the strong winds with the 
buttressed trunks.  
 
In recent years there have been many studies on the impact of hurricanes on tropical forests and 
their biota and recovery rates. Frangi and Lugo (1998) found that five years after Hurricane 
Hugo stuck the Luquillo Mountains of Puerto Rico that delayed tree mortality was twice as high 
as instantaneous tree mortality after the storm and affected dicotyledonous trees more than it did 
palms. Regeneration of trees, palms, and tree ferns was influenced by a combination of factors 
including hydroperiod, light, and space. Their data also suggested that the areas near river 
channels were the most favorable for plant regeneration.  This should be the case along Golden 
Stream and the Project site. 
 
While the recovery of forest ecosystems from hurricanes depends on a combination of seedling 
growth and re-sprouting of canopy trees (Tanner et al. 1991), one of the biggest impacts of 
hurricanes in Belize has been the post-hurricane related forest fires (Wolffsohn 1967). Since 
Hurricane Iris occurred seven years ago, there have been no subsequent fires to sweep the Project 

                                                 
21 Reprinted from Meerman 2001. 
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site. While today the vegetation clearly reflects the impact of Hurricane Iris, there is every reason 
to believe that the forests around the Project site are recovering in a normal manner.22 BCEP 
continues to protect the property from hunting and settlement incursions with regular patrols.  
 
G3.6. Maintenance of High Conservation Values 
 
The primary conservation strategy for the Project is protection of native habitat and protection 
from hunting. Due to the presence of several IUCN listed threatened species in the project area, 
the project area can be designated as a biological HCV area. The Project plan calls for no net loss 
of habitat and a regular patrol program funded by the Project. 
 
G3.7. Measures Taken to Enhance Climate, Community, Biodiversity Benefits  
 
BCEP intends for this Project to be a focal point for sustainable eco-tourism activities 
demonstrating how carbon sequestration, biodiversity enhancement, and sustainable community 
development can be achieved effectively, equitably, and efficiently. Because of the Project’s 
profile within Belize it is expected that the Project will act as catalyst for other projects 
regionally. Specifically, BCEP will engage Belize Association of Private Protected Areas 
(BAPPA) as a medium for this information exchange. Furthermore, it is expected that The 
Nature Conservancy, the Ya’axche Conservation Trust (YCT), the National Protected Areas 
Commission (NPAC), and the Association of Protected Areas Managers Organization (APAMO) 
will also be interested in supporting the mission of BCEP post-Project within the Golden Stream 
Corridor Preserve area. 
 
G3.8. Stakeholder Involvement 
 
Project property is owned by BCEP in fee simple. BLE is the primary employer of the Indian 
Creek Village community.  
 
G3.9. Publicizing the Public Comment Period 
 
BCEP will publicize its CCBA Project for public comment online through the following 
avenues: 
 

·  BCEP website. 
·  Direct contact with the Association of Protected Areas Management Organizations 

(APAMO) is Belize’s leading network of environmental non-governmental 
organizations, particularly in the areas of protected areas management.  Its 18 member 
agencies are responsible for or involved in the management of twenty-one (21) terrestrial 
protected areas and nine (9) marine protected areas. 

·  Visiting the Indian Creek Village, and sharing the CCB Project PDD with the Indian 
Creek Village.  

·  Displayed for all clients of BCEP at each eco-lodge entrance point. 

                                                 
22 Verl Emrick, per BCEP commission. 
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·  Displayed and shared with all BCEP employees and their community members through 
printed materials and presentations. 

·  The PDD will be made available on the CCBA webpage and open to public comments. 
·  Public meeting for the Indian Creek Village. 

 
G3.10. Conflict Resolution Tools 
 
The Project includes a process for hearing, responding to and resolving community and other 
stakeholder comments during the Project life.  FCO will attempt to respond to all reasonable 
comments raised, and provide a written response to comments within 30 days. Comments and 
Project responses will be documented. Please email: jeffwaldon@forestcarbonoffsets.net if you 
have any comments or questions. 
 
G3.11. Project Financial Support 
 
Primary expenses are to stabilize the ecotourism operation, pay for patrols, and pay for 
biodiversity, carbon sequestration, and community monitoring expenses.  More information is 
available for review by the verifier during the site visit. 
 

 
 

G4. Management Capacity and Best Practices  
 

G4.1. Project Proponents 
 
BCEP is the Project proponent. BCEP has hired FCO to develop the strategy, implementation, 
and monitoring of the carbon credits generated by this Project. FCO has hired CMI Virginia 
Tech to develop the monitoring protocol and conduct the baseline study for the monitoring 
program. Supporting documents are available by contacting FCO. 
 
G4.2. Technical and Management Expertise 
 
BLE has managed the property since 2000 on behalf of BCEP. Conservation Management 
Institute Virginia Tech successfully conducted the most recent biodiversity studies on the 
property (Miller and Miller 2008, Emrick and Dorr 2008). FCO staff have been involved with 
successful project design and implementation in Australia, Brazil, Canada, Colombia, 
Democratic Republic of the Congo, Indonesia, Malaysia, and the United States. 
 
G4.3. Capacity Building 
 
BCEP already trains and employs guides and patrol personnel while actively engaged in 
biodiversity data collection (Miller and Miller 2008). 
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BCEP employs local people, majority women, within the ecotourism operation.  The local 
community is almost entirely Mayan, a minority ethnic group in Belize representing 11% of 
Belize’s population according its 2000 census.23 The Project also can increase female labor force 
participation locally by focusing on hiring female head-of-households. 
 
Furthermore, this Project will increase knowledge transfer across the public and private sectors 
within Belize focusing on carbon sequestration. BCEP intends to engage the Belize Association 
of Private Protected Areas (BAPPA) to demonstrate to them how carbon sequestration, 
biodiversity protection, and sustainable local economic development can co-exist within both the 
private and public sectors.  
 
G4.4. Community Employment Opportunities 
 
The BCEP Project employs roughly 59 individuals fulltime annually. The Project employs all 
local inhabitants from the Toledo District and trains them to offer high-end ecotourism activities 
within the surrounding Toledo District, the Port Honduras Marine Zone, and the Sapodilla Cays 
Marine Reserve as well as throughout the rest of Belize. Local employees are also trained as 
rangers, and guides. Equal opportunity is given to women and minorities. Female employees 
have increased annually since 2002 (Table 14: Employment by BLE). 
 
Table 14: Employment by BLE 

 
                                                 
23http://celade.cepal.org/cgibin/RpWebEngine.exe/PortalAction?&MODE=MAIN&BASE=CPVBLZ2000&MAIN=
WebServerMain.inl.  
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G4.5. Employment Laws 
 
BCEP follows all applicable labor law under Belize Labour Act Chapter 297, Labour Act 297S – 
Subsidiary Act, and Belize International Labour Organization Conventions Act Chapter 304:01 
Revised Edition 2003.24 BCEP is obliged, under Belizean laws to follow appropriate safe labor 
practices toward the prevention of injuries in the workplace. Additionally BCEP complies with 
all other applicable local, district, and national workplace standards. 
 
G4.6. Employee Safety 
 
All local, district, and national workplace standards will be met at the moment of hiring of each 
staff member. Local regulations and safety concerns are discussed with each employee with an 
emphasis on guaranteeing workplace safety according to Belizean law.25  
 
G4.7. Financial Health of the Implementing Organizations 
 
FCO is a United States registered private limited liability company and, as such, is governed by 
the corporation laws of the United Sates which ensure that, at all times, the company remain 
financially solvent and able to meet its liabilities. The company is owned by independent 
shareholders of good standing and has a Board of Directors. It is sufficiently capitalized to 
ensure completion of the Project.  More information about FCO is available on the FCO web site 
at http://forestcarbonoffsets.net. 
 

 
 
G5. Legal Status and Property Rights 
 
G5.1. Local Laws and Regulations 
 
BCEP follows all applicable labor laws under Belize Labour Act Chapter 297, Labour Act 297S 
– Subsidiary Act, and Belize International Labour Organization Conventions Act Chapter 304:01 
Revised Edition 2003.26 BCEP is obliged, under Belizean laws to follow appropriate safe labor 
practices toward the prevention of injuries in the workplace. Additionally BCEP complies with 
all other applicable local, district, and national workplace standards. BCEP follows all applicable 
environmental laws including the Belize Environmental Protection Act Chapter 328, Revised 
Edition 2000.27  Belize ratified the Kyoto Protocol September 26, 2003. 
 

                                                 
24 www.belizelaw.org.  
25 http://www.lowtax.net/lowtax/html/jbzlab.html.  
26 www.belizelaw.org.  
27 www.belizelaw.org. 
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G5.2. Documentation of Legal Approval 
 
FCO warrants that all actions and documentation for the Project establishment as a carbon 
sequestration Project have and will be met. Private legal documents may be shared with the 
verifier upon the verifier’s request.  Deeds of the property are appended to this report. 
 
G5.3. Free, Prior, and Informed Consent 
 
FCO has a legally binding agreement with the landowner which transfers the administration of 
logging rights and concomitant carbon sequestration rights to FCO. The agreement also sets out 
the obligations and responsibilities placed on the landowners for the duration of the Project. 

 
G5.4. Involuntary Relocations 
 
The project proponents have verified by direct observation that the Project site does not have 
human inhabitants other than staff and visitors to the BLE lodges. Moreover, we have observed 
that the Project does not involve the relocation or inward migration of any people. If immigration 
were to occur, the Project’s monitoring teams will work with all stakeholders using appropriate 
tools to engage towards a resolution. 
 
G5.5. Illegal Activities 
 
Project will include regular patrols to address illegal hunting, timber poaching, or wood 
gathering. No evidence of illegal activities on the property was detected during field 
investigations in 2008 and 2009. 
 
G5.6. Carbon Rights 
 
FCO has a legally binding agreement with the landowner which transfers management of the 
environmental service rights of the property.  The agreement also sets out the obligations and 
responsibilities placed on the landowners for the duration of the Project. BCEP follows all 
applicable environmental laws including the Belize Environmental Protection Act Chapter 328, 
Revised Edition 2000.28 Belize ratified the Kyoto Protocol September 26, 2003. BCEP title proof 
is available if requested from the Department of Land and Surveys, Market Square, Belmopan, 
Belize (Table 15: BCEP land registry information). 
 
Table 15: BCEP land registry information 
Title Acres Registry Date Recorded Independent Title Search 

Completed 
Block 131A 527 Surveyors Plan Book 

No. 7, Folio 75 
November 28, 
2000 

August 5, 2009 

Block 131 7,118 Surveyors Plan Book 
No. 4, Folio 54 

November 28, 
2000 

August 5, 2009 

Whitney 
block 

5,231 Entry  No. 10573, 
Register 15 

February 19, 2004 In process.  Deed of 
Conveyance on file. 

                                                 
28 www.belizelaw.org. 
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Total acres 12,876    
 
Climate Section 

 
 
CL1. Net Positive Climate Impacts 
 
CL1.1. Net Change in Carbon Stocks 
 
Section G2.3 provides detailed discussion of the assumptions and data used to calculate changes 
in carbon stocks for the baseline scenario and with project scenario. In summary, over the course 
of the project we estimate that there will be ex ante (2010 – 2029) avoided emissions of 
1,908,718.07 mtCO2e of GHG and ex post (2006 – 2009) avoided emissions of 98,587.36 
mtCO2e of GHG.  
 
Table 12: Ex post (2006-2009) summary of GHG emissions for baseline and with project and 
Table 11: Ex ante 2010-2029 summary of GHG emissions for baseline and with project compare 
the yearly difference in the baseline and with project scenarios. 
 
CL1.2. Net Change in Non-CO2 Gases 
 
The Project does not expect the impact of non-CO2 gases to account for more than a 5% increase 
or decrease in the Project’s overall greenhouse gas impact. Carbon dioxide is the principal 
greenhouse gas emitted when a forest is deforested. Other gases such as methane (CH4) and 
nitrous oxide (N2O) are also emitted during deforestation, but in significantly lower quantities 
than CO2). When compared to CO2, the methane and nitrous oxide emissions from deforestation 
account for significantly less of the total potential of global warming effect from deforestation 
(Houghton).  
 
CL1.3. Other GHG Emissions from Project Activities 
 
No other GHG emissions as previous mentioned are considered within the Project activities. 
 
CL1.4. Positive Net Climate Impact 
 
According to Sections CL1.1 and CL1.2 the contribution of the Project toward climate change 
mitigation by GHG emission reduction is evident.  Belize is a deforesting nation, and this project 
avoids deforestation. 
 
CL1.5. Avoid Double-Counting 
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There is no double-counting with this Project since Belize is a non-Annex 1 member for the 
Kyoto Protocol. Belize ratified the Kyoto Protocol on September 26, 2003. All of the Project’s 
emission reductions will be registered and held by an independent third-party registry. 
 

 
 
CL2. Offsite Climate Impacts  
 
CL2.1. Types of Leakage 
 
Leakage caused by the project at BCEP is expected to be minimal and have no discernible effects 
on offsite GHG emissions or decrease sequestration. The current owners have owned the 
property since 2000. Prior to the initiation of project activities BCEP was managed as a private 
nature preserve with activities such as hunting, fuel wood gathering, milpa farming and wood 
product harvesting eliminated. As a result there are no activities that are being displaced as a 
result of the project and thus no negative offsite impacts. 
 
CL2.2. Mitigation of Negative Offsite Impacts 
 
There are no foreseen negative offsite climate impacts.  
 
CL2.3. Unmitigated Negative Offsite Climate Impacts 
 
As described above, the Project has and will continue to create additional positive climate 
benefits within the community.  Offsite negative climate impacts are expected to be zero.  On the 
contrary, the most likely result of the project is that more landowners conduct similar projects 
thereby increasing the climate benefits of the project. 
 
CL2.4. Unmitigated Negative Offsite Non-CO2 Climate Impacts 
 
As described above, the Project has no significant non-CO2 emissions in either the  
“with-” or “without-Project” scenario. 

 

 
 
CL3. Climate Impact Monitoring 
 
CL3.1. Carbon Pool Selection and Monitoring 
 
The goal of the climate monitoring for BCEP is insure that estimates of carbon stocks and GHG 
emissions are accurate and updated. We based the calculation of differences in GHG emissions 
on the growth rate of the recovering forests, the deforestation rate, and carbon stocks calculated 
from field data in 2009. We have two objectives for the monitoring plan at BCEP: 
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Objective 1: Update Forest Growth Rates and Carbon Stocks 
 
In 2009 we measured the above ground biomass (standing live tree) pool and interpolated the 
below ground biomass using accepted regression equations (see section G1.4). The above ground 
biomass was calculated using allometric equations based on the size of hardwood trees >5cm 
DBH and the height of palms. Data was collected in the field using nested fixed area plots. Each 
individual tree inventoried was tagged and given a unique ID for future monitoring.  Each plot 
will be revisited at maximum of every 5 years. All of the tagged trees will be re-assessed and the 
DBH and height measured. The resultant data will be used to recalculate growth rates and above 
ground carbon stocks. These data will be compared to the estimated values and adjustments 
made to the growth rates and carbon stocks as required. The below ground biomass will be 
recalculated using accepted regression equations based upon the updated above ground biomass 
data.  
  
Objective 2: Updated Deforestation Rates 
 
The deforestation rate used in our estimation of GHG emissions was the relatively conservative 
national rate of 2.3%. We calculated deforestation rates from a reference area surrounding the 
BCEP project area. However these data were highly variable and not sufficient to model future 
rates. Other published rates indicated deforestation rates as high as 13%. In order improve the 
accuracy of estimated GHG emissions we will continue to monitor deforestation rates within the 
reference area and review all new published rates that applicable to the project. Deforestation 
will be monitored on an annual basis and incorporated into our estimations of GHG emissions.  
 
CL3.2. Monitoring Plan 
 
FCO and their partners are committed to expanding on the above monitoring and create a full 
detailed monitoring plan within 12 months of validation and to make that plan available to the 
public. Carbon pools selected are above-ground and below-ground biomass. Other potential 
pools are minor and would only add to the total climate benefit of the project.   
 
Community Section 

  
 
CM1. Net Positive Community Impacts 
 
CM1.1. Community Benefits 
 
This Project is on a relatively small parcel of privately owned land and as such, the community 
benefits of the Project alone will be minimal. The following are the issues considered by the 
Boden Creek Ecological Preserve (BCEP) and are integrated within the ongoing management 
plan of the Project: 
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• Job opportunities 
• Landscape preservation 
• Sustainable tourism 
• Environmental services 
• Wildlife protection 

 
There are no indigenous communities residing within the BCEP Project area. There are two 
communities that live adjacent to the Project area. The Indian Creek community/village is 
located on the border of the BCEP Project and is directly affected by the Project primarily 
through job opportunities. A second community is a Mennonite farming community that moved 
to the area in the 1995 and is located adjacent to the Project area and is mentioned here as an 
offsite community. The Mennonite community is by nature self-contained and no impacts are 
expected by the Project. 
 
As in many parts of southern Belize, most of the local employment opportunities are in 
agriculture. Under the baseline scenario, conversion of the property to citrus would result in short 
term jobs to harvest timber and a small number of agricultural jobs planting and maintaining the 
citrus trees. At harvest time, a larger number of migrant laborers would be employed.  The citrus 
farm would be the major employer for members of the local community. In this case, the number 
of employees could have been slightly larger than the number currently employed by the tourism 
operation on a temporary basis during harvest time primarily as a result of migrant labor. This is 
balanced with the much higher pay and more stability offered by tourism jobs. In addition to the 
overall positive economic impact of the with-Project scenario on the local community in Indian 
Creek at large, the Project employs a number of women. Employment of non-migrant women in 
agriculture and particularly citrus is rare.  
 
CM1.2. Impact on High Conservation Values 
 
Local livelihoods are now linked to the success of ecotourism which relies on the available of 
high conservation value attributes e.g. mature forest, clean water, pristine coral reefs.  Local 
communities see the direct value of their environment, and commit time, resources, and political 
support to issues that protect those values as evidenced by Belizean laws and non-governmental 
organizations devoted to the protection of those resources.   
 
The Project also contributes substantially to the protection of the coral reef which is an important 
attraction for the tourism industry in Southern Belize. Due to the presence of several IUCN listed 
threatened species in the project area, the project area can be designated as a biological HCV 
area.    
 

  
 
CM2. Offsite Stakeholder Impacts 
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CM2.1. Potential Negative Offsite Stakeholder Impacts 
 
The Project is not expected to have negative social impacts on the communities outside of the 
Project area. Any negative impacts on the communities will be estimated in the same manner 
mentioned below in section CM3.1. through socio-economic indicators discussed with 
individuals in the surrounding communities. 
 
CM2.2. Plans to Mitigate Potential Offsite Impacts 
 
It is not expected that the Project will negatively impact any of offsite communities. In the case 
of any potential negative impacts, representatives of the impacted community will bring it to the 
attention of the Project administration. For such a conflict to be resolved a negotiation decision 
making participatory process will be utilized to arrive to an agreement on mitigation actions. In 
case of unresolved issues, community representatives will maintain the right to publish the 
matter on the CCB website for public review. The community will also maintain the right to 
bring the matter to the attention of the certifying entities.   
 
CM2.3. Unmitigated Offsite Impacts 
 
No unmitigated social or economic impacts are expected from the Project.  
 

  
 
CM3. Community Impact Monitoring 
 
CM3.1. Community Impact Monitoring Plan 
 
To measure the socio-economic impacts of the with-Project scenario, field research will consist 
of individual or household surveys, or focus group discussions, depending on information needs. 
The aim is to gain a relative perception of the consequence of the Project and what specific 
factors led to achieving Project goals and objectives. The monitoring variable monitored will be 
annual employment of local community personnel in man-hours actualized for the Project and 
measured against the “without Project” scenario. This is demonstrated in Table 16: BLE annual 
employment analysis, employment opportunities are increasing year-over-year. This is 
demonstrated by:  
 

·  Year-over-year female man-hours increasing from 3,633 hours in 2002 to 27,506 hours in  
2009. 

·  Year-over-year female employees increasing from 2 female employees 2002 to 13 female 
employees 2009. 

·  Year-over-year increasing female-male employment parity from 2% female / male ratio 
in 2002 to 29% female / male ratio in 2009. 

·  59 jobs annually available to the community. 
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Table 16: BLE annual employment analysis29 

 
 
Toledo District has 12,400 (7.8% of Belize’s male population) males and 12,300 (7.7% of 
Belize’s female population) females.30 According to the InterAmerican Development Bank, the 
Toledo District had the highest level of poverty in Belize (79.0%)31 32. 
 

                                                 
29 Private BLE data based on social security records. 
30 Statistical Institute of Belize. 
31 Vanzie, Errol. Assessment of the Impact of Climate Change on Belize’s Health Sector: Dengue and Dengue 
Hemorrhagic Fever. Belize Second National Communication (SNC) Project, 2008.   
32 http://www.iadb.org/news-releases/2009-10/english/belize-will-improve-health-care-secondary-education-and-
macroeconomic-policies-w-5721.html, accessed January 21, 2010.  
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CM3.2. Community Impact on High Conservation Values 
 
Potential community impact on High Conservation Values consists primarily of illegal hunting, 
collecting plants and animals for sale on the black market, and illegal timber harvest. No 
evidence of these activities has been uncovered in field surveys and interviews with the local 
people. Continued patrols that will be conducted as a result of the Project should insure that this 
situation continues. Due to the presence of several IUCN listed threatened species in the project 
area, the project area can be designated as a biological HCV area���� 
 
CM3.1. Community Impact Monitoring Plan Development Commitment 
 
Within six months of Project approval a monitoring plan will be developed and implemented 
according to CM3.1. 

 
Biodiversity Section 

 
 
B1. Net Positive Biodiversity Impacts 
 
B1.1. Biodiversity Impacts 
 
The Boden Creek Ecological Preserve is located at the foot of the Maya mountains in Belize’s 
southern-most Toledo District.  Of all the districts in Belize, Toledo the most isolated and 
sparsely populated. Boden Creek Ecological Preserve is at the heart of the Golden Stream 
Corridor Preserve (GSCP) with Golden Stream running into the sea on its north boundary. This 
watershed is one of six that empty into the Port of Honduras and is recognized to harbor high 
quality biodiversity (Bowen-Jones 2001, DeVries et al. 2003). The Project also is within the 
Mesoamerica Biodiversity Hotspot as identified by Conservation International33.   
 
According to Miller and Miller (2008): 
 

“The corridor is unique in all of Central America as a swath of largely intact 
contiguous habitat including the Maya Mountains, lowland broadleaf forest, and 
mangroves extending to the sea, without the fragmentation that occurs, 
particularly in coastal areas with burgeoning development. This area has been 
known as the Maya Mountains Marine Corridor by local non-governmental 
organization (NGO) - TIDE and partner international NGO, The Nature 
Conservancy. This strategic location also makes it an important linkage in the 
region wide La Selva Maya and Belize Biological Corridor initiatives which seek 
to forge and maintain a biodiversity corridor the length of Mesoamerica.”    

 
                                                 
33 See Conservation International http://www.biodiversityhotspots.org/xp/hotspots/mesoamerica/Pages/default.aspx 
accessed 1/21/2010. 
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Natural and anthropogenic disturbance have influenced the structure and composition of 
vegetative communities of the Mayan lowlands for centuries. Hurricanes and tropical storms 
occur within the Caribbean basin every year though the frequency of landfall varies greatly. The 
southern region of Belize has one of the lowest frequencies of hurricane landfall in the Caribbean 
with an average of one landfall every 23 years (Lugo et al. 2000).  
 
In 2001 Hurricane Iris, a category 4 storm, made landfall near Monkey River Town, Belize just 
north of BCEP and the surrounding Golden Stream corridor.  With winds exceeding 140 at the 
time of landfall mph a storm as severe as Iris is a relatively uncommon event, and the hurricane 
severely damaged much of the forest within BCEP.  Due to a massive blow down of trees, BCEP 
is currently in a state of ecological regeneration as is much of the Toledo District likewise 
impacted in this natural cycle.  Since Hurricane Iris occurred nine years ago, there have been no 
subsequent fires to sweep the BCEP area. While today the vegetation clearly reflects the impact 
of Hurricane Iris, the flora and fauna of the lowland forests are adapted to hurricane disturbance 
and are believed to be recovering in a normal manner (Miller and Miller 2008). 
 
Anthropogenic disturbance associated with land clearing for agriculture has occurred since the 
early Classic (AD 400) period of Mayan civilization where parts of the BCEP were likely used 
for agriculture to support nearby early classic Mayan Nim Li Punit. 
 
Like much of Belize, this area has had a recent past which includes various types of exploitation, 
such as banana farming, traditional uses by the local Maya communities and others. 

�
According to Bowen-Jones (2001):  
 

“The central portion of the BLE (BCEP) property…was cleared for cattle 
ranching by the El Salvadoran company that owned it in the late 1960s and 70s … 
This firm sold the property to a logger from North America (Whitney) who 
owned the land during the 1980s and up until 1998. He extended the clearance of 
land near the road (for citrus and banana) whilst using it as a base for his logging 
operations throughout the Golden Stream watershed, his sawmill was located on 
modern-day BLE (BCEP). This period of time profoundly affected the ecosystem 
because Whitney logged most of the land to varying degrees driving access roads 
east and south…” 
 

Current land use practices are concentrated on sustainable use and preservation. In the past 
decade or so, land use has shifted from exploitative to minimal impact via ecotourism through 
Belize Lodge and Excursions and the preservation of BCEP. BCEP continues to protect the 
property from hunting and settlement incursions with regular patrols and has engaged in an 
ambitious tree planting effort. 
 
Multiple field surveys have occurred on the BCEP property with very high biodiversity 
quantitative and qualitative results. Initial biotic descriptions were conducted by Bowen-Jones 
(2001). These were then followed by Miller and Miller 2008 and Miller et al. 2009. The 
following describes the high quality of the biodiversity documented on the BCEP property. 
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Birds Survey 
 
Bowen-Jones (2001) conducted a series of five diurnal transects and maintained a list of 
incidental observations to record the avian biodiversity on BCEP. Miller and Miller (2008) 
conducted fixed radius point counts along BCEP trails and roads. At 100 meter intervals, the 
survey team stopped and counted birds detected by either sight or sound within a 25 meter radius 
(Hutto et al. 1986) for a 5 minute period. Additional species observed by St. Germain throughout 
the property were recorded during other site visits in November 2007, May 2008, October 2009, 
and December 2009 (St. Germain et al. 2009). 
 
St Germain documented 66 species through incidental observations in 2009 (St. Germain et al. 
2009), Miller and Miller (2008) documented 210 species and Bowen-Jones (2001) recorded 178 
species. A total of 247 bird species were recorded at BCEP between all three surveys. Of the 247 
species, 159 are resident species that are present all year in Belize and 18 are under one or more 
categories of conservation concern. Sixty-two species are migrants that use BCEP seasonally. 
Most of these of Neotropical migrants, that is, migrating from North America to Belize. Two are 
Austral migrants, coming from South America to Belize. Eighteen species are of conservation 
concern, based either on IUCN international designations or national recognized guidelines. 
(Table 17: Birds of special conservation concern documented on the Project site).  
 
Table 17: Birds of special conservation concern documented on the Project site (adapted from Miller and 
Miller 2008) 

Family Common name Scientific name Concern Status 

Podicipedidae Pied-billed Grebe Podilymbus podiceps BZE-CC 
Winter - 

mig 
Anhingidae Anhinga Anhinga anhinga BZE-CC Resident 

 Great Blue Heron Ardea herodias BZE-VU 
Winter - 

mig 

 Snowy Egret Egretta thula BZE-VU 
Winter - 

mig 
Threskiornithidae White Ibis Eudocimus albus BZE-VU Resident 

Anatidae 
Black-bellied Whistling 
Duck 

Dendrocygna 
autumnalis BZE-VU Resident 

 Muscovy Duck Cairina moschata BZE-EN Resident 

 Green-winged teal Anas crecca BZE-VU 
Winter - 

mig 

 Blue-winged Teal A. discors BZE-VU 
Winter - 

mig 

 Lesser Scaup A. affinis BZE-VU 
Winter - 

mig 
Rallidae Ruddy Crake Laterallus ruber BZE-CC Resident 
 Purple Gallinule Porphyrio martinica BZE-VU Resident 

Recurvirostridae Black-necked Stilt 
Himantopus 
mexicanus BZE-CC 

Winter - 
mig 

Psittacidae Brown-hooded Parrot Pionopsitta BZE-VU Resident 
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haematotis 
 Yellow-headed Parrot A. oratrix IUCN-E Resident 

Parulidae Chestnut-sided Warbler D. pensylvanica BZE-CC 
Winter - 

mig 

 Northern Waterthrush S. noveboracensis BZE-CC 
Winter - 

mig 

Carnalidae Rose-breasted Grosbeak 
Pheucticus 
ludovicianus BZE-CC 

Winter - 
mig 

 
Bats Survey 
 
Bats are critical contributors to mammalian biodiversity, particularly in the Neotropics. Globally 
bats represent 20% of all mammalian species and are second only to rodents in diversity with 17 
families and over 1,000 species. Nine families occur in the New World, six of these only occur in 
the Neotropics. Approximately 28% of all bat species occur in the Neotropics. In Belize, 76 
species representing eight families are known or suspected to occur and comprise the majority of 
the terrestrial mammal diversity. The sheer number of individuals and the myriad of food habits 
represented further support the significant contribution by this group to Neotropical ecosystems 
(O’Farrell and Miller 1999). Most importantly bats provide critical ecosystem services as 
pollinators, seed dispersers and insect predators.  Due to these critical contributions bats play in 
ecosystem dynamics their populations and community structure often respond quickly to 
landscape disturbance (Medellin et al 2000).  Bats have enormous potential as bioindicators: they 
show taxonomic stability, population trends can be monitored, short- and long – term affects on 
populations are measurable, and their distribution is global (Jones et al 2009). Therefore accurate 
assessments of even the common and widespread species, is important to determine the health of 
an ecosystem. 
 
For documentation of species diversity for bats various capture and acoustical detection methods 
have been used. Surveys targeted flight corridors, creeks, perennial road ruts, wildlife ponds, and 
other potential foraging areas and major cover types on BCEP (Kunz and Kurta 1988). The 
trapping efforts by Bowen-Jones (2001) used 38mm mesh low bag mist nets (Avinet Inc. 
Dryden, New York). (Miller and Miller 2008) used mist nets and 4.3 m3 forest size harp traps 
(Faunatech Austbat, Bairnsdale, Victoria, Australia), to capture free-flying individuals. No 
trapping was undertaken by St. Germain in 2009. 
 
Bats can be identified to species by their ultrasonic echolocation call emitted while engaged in 
free-flying activities. The Anabat system (Titley Electronics, New South Wales, Australia) 
provides an efficient and easily implemented method for collecting bat data. This technique is 
effective at both the ecosystem and landscape level. This equipment is programmable, 
facilitating the monitoring of populations remotely for an extended period of time. Both (Miller 
and Miller 2008) and (Miller and St. Germain 2009) used an array of detectors for the 
simultaneous examination of multiple locations while reducing observer biases. 
 
To date 52 of the 78 bat species known to occur in Belize have been documented at on the 
Project site (Table 18: Summary of bats documented on the Project site). Known bat monitoring 
locations in the Project site are depicted in Figure 13: Bat sampling at Project site. 
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Table 18: Summary of bats documented on the Project site 

Family Scientific name Common name 
Emballonuridae Balantiopteryx io Least Sac-winged Bat 
 Diclidurus albus Northern Ghost Bat 
 Peropteryx kappleri Greater Dog-like Bat 
 Peropteryx macrotis Lesser Dog-like Bat 
 Rhynchonycteris naso Long-nosed bat 
 Saccopteryx bilineata Greater White-lined Bat 
 Saccopteryx leptura Lesser White-lined bat 
Molossidae Cynomops mexicanus Mexican Dog-faced Bat 
 Eumops underwoodi Underwood's Bonneted Bat 
 Molossus molossus Pallas's mastiff bat 
 Molossus rufus Black mastiff bat 
 Molossus sinaloae Allen's mastiff bat 
 Nyctinomops laticaudatus Broad-eared Free-tailed Bat 
Mormoopidae Mormoops megalophylla Peter's Ghost-faced Bat 
 Pteronotus davyi Davy's Naked-backed Bat 
 Pteronotus gymnonotus Big Naked-backed Bat 
 Pteronotus parnellii Common Mustached Bat 
 Pteronotus personatus Wagner's mustached bat 
Natalidae Natalus mexicanus Mexican funnel-eared bat 
Noctilionidae Noctilio leporinus Greater Bulldog Bat 
Phyllostomidae Artibeus intermedius intermediate fruit-eating bat 
 Artibeus jamaicensis Jamaican fruit-eating bat 
 Artibeus lituratus great fruit-eating bat 
 Artibeus phaeotis Pygmy Fruit-eating Bat 
 Artibeus watsoni Thomas' fruit-eating bat 
 Carollia perspicillata Seba’s short-tailed bat 
 Carollia sowelli Sowell's Short-tailed Bat 
 Chiroderma villosum Shaggy-haired bat 
 Chrotopterus auritus Wooly false vampire 
 Desmodus rotundus Common vampire bat 
 Glossophaga commissarisi Brown Long-tongued Bat 
 Glossophaga soricina Common Long-tongued Bat 
 Hylonycteris underwoodi Underwood's Long-tongued Bat 
 Lichonycteris obscura Dark Long-tongued Bat 
 Lonchorhina aurita Tomes' long-eared bat 
 Micronycteris microtis Common Big-eared Bat 
 Mimon crenulatum Striped spear-nosed bat 
 Platyrrhinus helleri Heller's broad-nosed bat 
 Sturnira lilium Yellow-shouldered bat 
 Tonatia brasiliense Pygmy round-eared bat 
 Tonatia evotis Davis’ round-eared bat 
 Tonatia saurophila Stripe-headed round-eared bat 
 Uroderma bilobatum Common tent-making bat 
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 Vampyressa pusilla Little yellow-eared bat 
Vepertilionidae Bauerus dubiaquercus Van Gelder’s bat 
 Eptesicus furinalis Argentine brown bat 
 Lasiurus blossevillii Red bat 
 Lasiurus ega Southern Yellow Bat 
 Lasiurus intermedius Northern yellow bat 
 Myotis elegans Elegant myotis 
 Myotis keaysi Hairy-legged myotis 
 Rhogeessa tumida Black-winged Little Yellow Bat 

Totals Species 53  
 
 



© Forest Carbon Offsets, LLC, 2010      ����������������������Page 58 of 82 

�

Figure 13: Bat sampling at Project site 
 
Small Mammal Survey 
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Small mammals include all terrestrial herbivores, omnivores and carnivores less than ~ 1 kg 
(~2lbs).  This group represents roughly 35% of the world’s terrestrial mammals.  Most of these 
species are considered extremely important because the act as both consumers of plant and insect 
materials and as valuable food source for other vertebrates.   
 
A small mammal live-trapping study was conducted from February 28 to March 22, 2008 by B. 
M. Miller with Rex Medlin and Tom Risch from Arkansas State University.  Small mammals 
were surveyed using standard open wire mesh traps and Sherman box traps placed on the ground 
and in trees (Miller and Miller 2008). Species were identified using (Reid 1997). Locations of 
the survey are depicted in (Figure 14: Map showing location of small mammal trapping). 
 
A total of 2,348 trap nights resulted in the capture of 5 species of small mammals. Forty-one 
captures representing five species (Table 19: Small mammal captures at two locations in the 
vicinity of Indian Creek Lodge on the Project site) from the combined trapping efforts. The 
majority (46.3%) of the captures were of the Hispid cotton rat (Sigmodon hispidus) followed by 
the Mexican mouse opossum (Marmosa mexicanus) (29.3%) the Big-eared Climbing Rat 
(Ototylomys phyllotis) (14.6%), the Gray four-eyed opossum (Philander opossum) and the 
Couse’s rice rat (Oryzomys couesi.) 
 
Table 19: Small mammal captures at two locations in the vicinity of Indian Creek Lodge on the Project site. 
(adapted from Miller and Miller 2008) 

 
Species Captures Recaptures Male Female 

Unidentified 
Gender 

Middle 
Trail Lagoon 

Marmosa 
mexicanus 12 6 12 0  12 0 
Oryzomys 
couesi 1 0 0 1  0 1 
Ototylomys 
phyllotis 6 2 4 1 1 6 0 
Philander 
opossum 3 1 3 0  3 0 
Sigmidon 
hispidus 19 1 12 6 1 7 12 
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Figure 14: Map showing location of small mammal trapping34 
 
 

                                                 
34 Sites A & B during 2008 surveys in relation to the Bowen-Jones (2001) transects 
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Medium-Large Mammals Survey 
 
Medium to large sized mammals include all terrestrial herbivores, omnivores and carnivores 
greater than ~ 1 kg (~2lbs).  This group represents roughly 40% of the world’s terrestrial 
mammals.  Many of these mammalian species are considered keystone species and may have a 
profound influence on the balance of organisms in a particular ecosystem.  Introduction or 
removal of species, or changes in population densities, can have drastic cascading effects on the 
equilibrium of many other populations in the ecosystem. 
 
Mammals were monitored by direct sightings, capture (i.e., camera trapping), and indirect sign 
(e.g., tracks, scat, vocalizations, skeletal material) as part of focused sampling on established 
trails and during visits to sites.  Bowen-Jones (2001) recorded mammalian detections along 5 
diurnal transects and through 4 remote camera stations. Miller and Miller (2008) monitored 10 
paired camera traps (Trail Master, Goodson & Associates, Lenexa, KS, USA) with a minimum 
of 150 meters spacing between each station. In 2009, St. Germain monitored an additional 6 
paired station with digital Reconyx RC85 (Reconyx, Inc. Holmen, Wisconsin, USA) where a 
minimum of 1 km spacing was used as well as a maintained list of observations (St. Germain et 
al 2009) 
 
With the remote cameras, St. Germain documented 5 species at 6 stations over 22 trap nights.  
These species include: jaguar (Panthera onca) -  (Figure 15: Jaguar at Station #13 Jungle Camp 
on BCEP December 14 2009), tapir (Tapirus bairdii) (Figure 16: Baird’s Tapir photographed at 
Station #11 near Jungle Camp on December 15 2009 and the Baird’s tapir is considered 
Vulnerable by IUCN (IUCN-Vu), Agouti (Dasyprocta punctata), nine-banded armadillo 
(Dasypus novemcintus), and common opossum (Didelphis sp.).  Additional species documented 
through observation include: ocelot (Leopardus pardalis), jaguarundi (Puma yagouaroundi), 
paca (Agouti paca), black howler monkeys (Alouatta caraya), spider monkey (Ateles pigra) 
white-lipped peccary (Tayassu pecari), tayra (Eira Barbara), and Yucatan squirrel (Sciurus 
yucatanensis).  Miller and Miller (2008) had the added documentation of brocket deer (Mazama 
americana), and white-tailed deer (Odocoileus virginianus). To date a total of 77 mammalian 
species have been documented on BCEP (Table 20: All mammalian species documented during 
each study on BCEP). This total includes all bats and small mammals as well. 
 
Table 20: All mammalian species documented during each study on BCEP 

Family Common name Scientific name T&E 

Bowen 
Jones 
2001 

Miller 
Miller 
2008 

St 
Germain 
2009 

Didelphidae Common Opossum Didelphis marsupialis  x x  

 Mexican Mouse Opossum Marmosa mexicana  x x  

 Gray Four-eyed Opossum Philander opossum  x x  

Myrmecophagidae Tamandua Tamandua mexicana  x x  

Dasypodidae Naked-tailed Armidillo Cabassous centralis  x x  

 Nine-banded Armidillo Dasypus novemcintus  x x  

Emballonuridae Least Sac-winged Bat Balantiopteryx io IUCN-En         . x  

 Northern Ghost Bat Diclidurus albus   x  

 Greater Dog-like Bat Peropteryx kappleri   x x 
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 Lesser Dog-like Bat Peropteryx macrotis   x x 

 Long-nosed bat Rhynchonycteris naso  x x x 

 Greater White-lined Bat Saccopteryx bilineata   x x 

 Lesser White-lined bat Saccopteryx leptura   x x 

Molossidae Mexican Dog-faced Bat Cynomops mexicanus   x x 

 Underwood’s Bonneted Bat Eumops underwoodi   x  

 Pallas’s mastiff bat Molossus molossus   x x 

 Black mastiff bat Molossus rufus   x x 

 Allen’s mastiff bat Molossus sinaloae   x  

 Broad-eared Free-tailed Bat 
Nyctinomops 
laticaudatus   x x 

Mormoopidae Peter’s Ghost-faced Bat 
Mormoops 
megalophylla   x x 

 Davy’s Naked-backed Bat Pteronotus davyi   x x 

 Big Naked-backed Bat Pteronotus gymnonotus   x x 

 Common Mustached Bat Pteronotus parnellii  x x x 

 Wagner’s mustached bat Pteronotus personatus   x x 

Natalidae Mexican funnel-eared bat Natalus mexicanus   x  

Noctilionidae Greater Bulldog Bat Noctilio leporinus   x  

Phyllostomidae Intermediate fruit-eating bat Artibeus intermedius  x x  

 Jamaican fruit-eating bat Artibeus jamaicensis  x x  

 Great fruit-eating bat Artibeus lituratus  x x  

 Pygmy Fruit-eating Bat Artibeus phaeotis   x  

 Thomas’ fruit-eating bat Artibeus watsoni  x x  

 Seba’s short-tailed bat Carollia perspicillata  x x  

 Sowell’s Short-tailed Bat Carollia sowelli  x x  

 Shaggy-haired bat Chiroderma villosum   x  

 Wooly false vampire Chrotopterus auritus  x x  

 Common vampire bat Desmodus rotundus  x x  

 Brown Long-tongued Bat 
Glossophaga 
commissarisi   x  

 Common Long-tongued Bat Glossophaga soricina   x  

 
Underwood’s Long-tongued 
Bat 

Hylonycteris 
underwoodi   x  

 Dark Long-tounged Bat Lichonycteris obscura   x  

 Tomes’ long-eared bat Lonchorhina aurita   x  

 Common Big-eared Bat Micronycteris microtis   x  

 Striped spear-nosed bat Mimon crenulatum   x  

 Heller’s broad-nosed bat Platyrrhinus helleri   x  

 Yellow-shouldered bat Sturnira lilium   x  

 Pygmy round-eared bat Tonatia brasiliense  x   

 Davis’ round-eared bat Tonatia evotis  x   

 Stripe-headed round-eared Tonatia saurophila  x x  
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bat 

 Common tent-making bat Uroderma bilobatum  x x  

 Little yellow-eared bat Vampyressa pusilla  x x  

Vepertilionidae Van Gelder’s bat Bauerus dubiaquercus  x   

 Argentine brown bat Eptesicus furinalis  x x x 

 Red bat Lasiurus blossevillii   x  

 Southern Yellow Bat Lasiurus ega   x x 

 Northern yellow bat Lasiurus intermedius   x  

 Elegant myotis Myotis elegans   x x 

 Hairy-legged myotis Myotis keaysi   x x 

 
Black-winged Little Yellow 
Bat Rhogeessa tumida   x x 

Cebidae Black howler monkey Alouatta caraya BZ-c x x x 

 Spider monkey Ateles geoffroyi BZ-c x x x 

Canidae Gray fox 
Urocyon 
cinereoargenteus  x x  

Procyonidae White nosed coati Nasau narcia  x   

 Kinkajou Potos flavus  x   

Mustellidae Tayra Eira barbara  x  x 

 River otter Lontra longicaudis  x   

 Long-tailed weasel Mustela frenata  x   

Felidae Puma Puma concolor  x   

 Ocelot Leopardus pardalis  x x x 

 Jaguarundi 
Herpailurus 
yagouaroundi  x  x 

 Jaguar  Panthera onca  x x x 

Tapiridae Baird's tapir Tapirus bairdii 
IUCN-

Vu x x x 

Tayassuidae Collared peccary Pecari tajacu 
IUCN-

Vu x   

 White-lipped peccary Tayassu pecari 
IUCN-

Vu x x x 

Cervidae Red brocket deer Mazama americana  x x  

 White-tailed deer Odocoileus virginianus  x x  

Sciuridae Deppe's squirrel Sciurus deppei  x   

 Yucatan squirrel Sciurus yucatanensis  x  x 

Muridae Marsh rice rat Orzomys couesi   x  

 Big-eared climbing rat Ototylomys phyllotis   x  

 Hispid cotton rat Sigmodon hispidus   x  

Erethizontidae Mexican porcupine Sphiggurus mexicanus  x   

Dasyproctidae Paca Agouti paca  x x x 

 Agouti Dasyprocta punctata  x  x 
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Figure 15: Jaguar at Station #13 Jungle Camp on BCEP December 14 2009 
 

�
Figure 16: Baird’s Tapir photographed at Station #11 near Jungle Camp on December 15 2009 and the 
Baird’s tapir is considered Vulnerable by IUCN (IUCN-Vu) 
 



© Forest Carbon Offsets, LLC, 2010      ����������������������Page 65 of 82 

Of the 7 species captured on camera, the tapir (Figure 16: Baird’s Tapir photographed at Station 
#11 near Jungle Camp on December 15 2009 and the Baird’s tapir is considered Vulnerable by 
IUCN (IUCN-Vu) is particularly noteworthy since it is listed as IUCN Vulnerable and seems to 
be commonly encountered and conspicuous at BCEP, particularly along the streams during dry 
season.  Trails and sign of the white-lipped peccary which is also listed an IUCN-Vu, were also 
often encountered although no photographs were taken.  The paca is normally under hunting 
pressure so it can be considered a very positive sign that it was observed during this study 
suggesting good protection of the area. 

 
The photo depicting two jaguars (Figure 8: Station #6 Boden Creek Trail, April 3, 3008 03:47h, 
likely pair with inset photograph captured 30 seconds earlier (Miller and Miller 2008)) suggest a 
courting pair since one individual is a male also portrayed in two other (right profile) jaguar 
photos (Table 21: Jaguar captures on photo ). There are also 3 left profile photos depicting a 
male jaguar, likely the same individual. He was active throughout the time the cameras operated 
(February-May 2008) indicating that BCEP is likely part of his core territory (Miller, C. 2003, 
2005a, 2005b, 2006). A fourth series of photographs was captured of this individual on 
December 12 2009 along a trail near the road to Pine Hill in the south of BCEP further 
confirming the longevity and size of his core range (St. Germain et al 2009).  An additional 
individual (Figure 15: Jaguar at Station #13 Jungle Camp on BCEP December 14 2009) and one 
unknown were photographed at several locations and times in the vicinity of Jungle Camp in the 
Gallery Forests associated with the Golden Stream Corridor (St. Germain et al 2009). 
 
Table 21: Jaguar captures on photo35  

Station  Date Time Individual Comments 
6 2/23/2008 22:42 likely Male 1 left profile 
6 2/26/2008 1:38 Male 1 right profile 
8 4/1/2008 6:24 likely Male 1 left profile 
6 4/3/2008 3:47 Unknown  female? 

6 4/3/2008 3:47 Male 1 
plus unknown 
above 

1 5/1/2008 20:57 likely Male 1 left profile 
2 5/12/2008 1:13 Male 1 right profile 
4 12//12/2009 23:48 Male 1 Left profile 
10 12/14/2009 18:44 Unknown ID Head shot 
11 12/14/2009 20:35 Jaguar 3 Right/left profiles 
13 12/14/2009 23:19 Jaguar 3 Right/left profiles 
10 12/16/2009 03:38 Jaguar 3 Right profile 
     

 
Herptofauna: Amphibians and Reptiles 
 
Bowen-Jones (2001) maintained a record of amphibian and reptile species encountered through 
transects, mist nets, camera traps, and observations. They documented a total of 15 species Two 
species carry a special conservation status the Morelet’s Crocodile (Crocodylus moreletii) – 

                                                 
35 Miller and Miller 2008, and St. Germain et al 2009. 
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IUCN - conservation dependent and the Central American Hickatee River Turtle (Dermatemys 
mawii). The Morelet’s Crocodile was also observed on BCEP by St. Germain et al 2009. 
 
Additional Species of Conservation Concern  
 
Furthermore, because of water quality protection provided by the project site, it is important to 
note that important habitat of the Antillean West Indian Manatee (T. m. manatus) – IUCN-Vu, 
and the Morelet’s Crocodile (Crocodylus moreletii) – IUCN - conservation dependent both will 
benefit by the protection of the Project.  Both species have been observed at or nearby the project 
site. 
 
B1.2. Impact on High Conservation Values 
 
No High Conservation Values will be negatively affected by the Project given that the Project’s 
primary focus is conservation. 
 
B1.3. Species Used by the Project 
 
No species are being used by this Project since this Project protects a natural native forest. 

 
B1.4. Exotic Species in the Project Area 
 
The biggest non-native and invasive trees will be gradually removed from the Project site using 
biological and industry-accepted best practices. Additionally, the Project’s capacity training in 
the communities will provide them with more environmentally suitable techniques and substitute 
exotic tree species with native ones.  

 
B1.5. Genetically Modified Organisms 
 
The Project will not use any genetically modified organisms in its operations. If invasive species 
are discovered during the monitoring phase of the Project, the invasive species will be removed 
appropriately.  

 
B2. Offsite Biodiversity Impacts 
 
B2.1. Potential Negative Offsite Biodiversity Impacts 
 
The Project does not anticipate any offsite negative biodiversity impacts. Most offsite impacts 
will be positive since larger habitat and forest areas will improve the long-term viability of 
populations offsite. 
 
B2.2. Mitigation of Potential Negative Offsite Biodiversity Impacts 
 
If any negative impact is identified, the BCEP team and the community representative will 
address such problems with fast and effective solutions. The issue will be discussed and 
mitigation actions will be designed. 
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B2.3. Evaluation of Potential Negative Offsite Biodiversity Impacts 
 
The Project does not anticipate any offsite negative biodiversity impacts. Most offsite impacts 
will be positive since larger habitat and forest areas will improve the long-term viability of 
populations offsite. 
 

 
 
B3. Biodiversity Impact Monitoring 
 
B3.1. Biodiversity Impact Monitoring Plan 
 
Species diversity is one of the most important concepts in the science of community ecology.  
Species diversity accounts for both the number of species and the relative abundance of species 
within a given community and is one of the most measurable and characteristic features of a 
natural community. Further, species diversity is important because it is closely related to 
important ecological processes, such as increased biomass, higher resource sequestration, and 
enhanced community stability, resilience and recovery.  A central principle of ecology is that 
each living organism has an ongoing and continual relationship with every other element that 
makes up its environment.  Thus changes to the environment will be reflected in the species 
composition and diversity within that environment.  Each element of a biota plays an essential 
part in the ecosystem it occupies and the loss or decline of even a seemingly insignificant species 
might tip the delicate biotic balance.  It is important to establish a base line inventory as a point 
of reference for any type of comparisons over time. 
 
Mammals often play critical roles within ecosystems by affecting either prey populations or the 
structure and species composition of vegetation.  However, they are highly vulnerable to human 
encroachment and land use pressures. The geographic ranges of individual species and 
population levels have been greatly reduced, primarily through habitat alteration and direct 
human exploitation or persecution.  These species are particularly susceptible because they are 
hunted for meat, controlled as competitors, or otherwise persecuted.  This leads directly to the 
“Empty Forest Syndrome” whereby habitats are intact yet devoid of mammalian life (Bennett 
2000).  This is due to human use pressures such overhunting for bush-meat, traditional medicine, 
pet trade or trophies.  Habitat fragmentation within species ranges also results in increasingly 
rare intact mammalian populations.  The International Union for Conservation of Nature (IUCN) 
has identified roughly 25% of the world mammals are in crisis of extinction as identified on the 
IUCN Red List of Threatened and Endangered Species. 
 
We propose to establish a scientifically defensible methodology for assessing ecosystem health 
and the effects of ecosystem succession from principles of community ecology by investigating 
changes in mammalian species assemblage structure and composition over time (Table 22: 
Objectives of Biodiversity Monitoring).  Analysis of diversity metrics derived from two distinct 
methodologies are employed to meet to objectives of the monitoring. The first is to monitor bat 
community assemblages by means of remote acoustical detection to investigate potential changes 
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in ecological processes, and second, monitoring medium to large size mammals by means of 
remote camera trapping techniques to examine the potential for “empty forest syndrome” derived 
from human hunting pressures. 
 
Table 22: Objectives of Biodiversity Monitoring 
Taxa Why Method Analysis 
Bat Species 
Assemblage 
 

Assessment of 
ecosystem health and 
ecological processes 
 

Sampling array of 
remote acoustical 
detectors 

Diversity indices, species 
richness, species 
heterogeneity, species 
evenness, and relative 
activity indices 

Medium-Large 
Mammal 
Assemblage 
 

Assessment of 
ecosystem health, and 
investigation of 
“Empty Forest 
Syndrome” by human 
over-hunting 
pressures. 

Sampling array of 
remote acoustical 
detectors (15-20 
stations minimum of 
750 trap nights) 

Diversity indices, species 
richness, species 
heterogeneity, species 
evenness, relative trap 
success, and population 
size analysis for 
individually identifiable 
species (e.g. Jaguar) 

Opportunistic 
observations of 
avian IUCN 
listed species 
 

Document presence 
absence of additional 
IUCN species of 
concern 

Time constrained 
expert searches 
focused on target 
species in appropriate 
habitats during 
appropriate seasons. 

Continued 
presence/absence 
documentation of species 
of global concern. 

 
Bats as an indicator of ecological processes 
 
Bats represent 20% of all mammalian species worldwide and are a good indicator of natural 
community integrity.  They provide important economic (e.g. agricultural and forest pest control) 
and ecological benefits (e.g. pollination, seed dispersal) to the environment.  Due to these critical 
contributions bats play in ecosystem dynamics their populations and community structure often 
respond quickly to landscape disturbance (Medellin et al 2000).  Bats have enormous potential as 
bioindicators: they show taxonomic stability, population trends can be monitored, short- and long 
– term affects on populations are measurable, and their distribution is global (Jones et al 2009).  
This “indicator” quality allows them to be a cost effective taxa for monitoring and assessing 
ecosystem health and changes to land use practices. Through analysis of species richness, 
heterogeneity, and evenness we can obtain a measure of diversity within and between treatment 
variables (e.g. habitat types, land use changes, time etc.). 
 
Bats can be identified to species by their ultrasonic echolocation call emitted while engaged in 
free-flying activities. The Anabat system (Titley Electronics, New South Wales, Australia) 
provides an efficient and easily implemented method for collecting bat data.  This technique is 
effective at both the ecosystem and landscape level. This equipment is programmable, 
facilitating the monitoring of populations remotely for an extended period of time. With an array 
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of detectors this methodology allows for the simultaneous examination of multiple locations 
while reducing observer biases.   
 
Medium-Large Mammals for impacts of human hunting pressures 
 
Medium to large sized mammals include all terrestrial herbivores, omnivores and carnivores 
greater than ~ 1 kg (~2lbs). This group represents roughly 40% of the world’s terrestrial 
mammals. Many of these mammalian species are considered keystone species and may have a 
profound influence on the balance of organisms in a particular ecosystem. Introduction or 
removal of species, or changes in population densities, can have drastic cascading effects on the 
equilibrium of many other populations in the ecosystem.   
 
This group of mammals contains a large degree of very diverse species occupying different 
habitats and numerous ecological niches. Many of these species are elusive and avoid capture 
and detection in the presence of humans. Until recent advancements in remote triggered cameras, 
all taxa encompassing surveys were extremely difficult often resulting in a great deal of observer 
bias (Kelly and Holob 2008). Remote camera trapping allows for the detection and monitoring of 
elusive wildlife, particularly carnivores, without the need for physical capture and handling 
(Karanth 1995, Kelly et al 2008). Because it does not involve any direct contact with the 
individuals, camera-trapping eliminates the negative effects of live-captures and increases the 
number “captures” that can be made in a given period of time (Kelly 2003). Recent 
advancements in technology allows for a greater potential to increase the spatial and temporal 
scales of data collection on these elusive species. Because remote camera trapping “captures” all 
species triggering the shutter an abundant amount of data is collected on numerous target and 
non-target species. Researchers can then examine a wide range of questions regarding species 
distribution, population sizes and movement patterns. 
 
Sampling Array 
 
A grid of monitoring stations, each with a pair of remotely triggered cameras on opposite sides 
of a trail, pathway, or road, and/or an Anabat II acoustical detector are placed throughout the 
area in such a way that there is no gap larger than ~2.5 km (2-3 km spacing is optimal) between a 
given camera station and the nearest neighboring station. This spacing setup is suitable to 
encompass the home range of most species without significant overlap. Within this constraint, 
locations are chosen such that a variety of habitat types are sampled and survey area is 
maximized. A minimum of 20 stations within the grid shall be established. The goal is to leave 
the camera grid in place long enough to accumulate a total of at least 750 trap nights, which 
usually results in enough captures and recaptures to allow population estimation. The survey 
duration per grid should not exceed 3 months, as this could violate the assumptions of a closed 
population. Within this grid Anabat acoustical bat detectors will run simultaneously for a 
minimum of 7 nights at each location. Ultimately bats are acoustically monitored at each of the 
20 station for a minimum of 7 days. Cameras and bat detectors are placed opportunistically along 
game trails, roads, creeks, flyways, etc to optimize capture of individuals following the spacing 
guidelines. Potential biodiversity monitoring grid for Boden Creek Ecological Preserve can be 
found in Figure 17: Example of a proposed monitoring grid for bat acoustics and remote cameras 
on BCEP. 
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Figure 17: Example of a proposed monitoring grid for bat acoustics and remote cameras on BCEP 
 
The Acoustic bat detectors (Anabat II with CFZCAIM and/or Anabat SD1: Titley Electronics, 
New South Whales, Australia) are programmed to turn on before dusk and turned off after dawn 
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(time varies depending on geographic latitude and seasonal photoperiod).  All acoustic data is 
archived digitally with date, time, and location encryption for analysis by trained biologists.  
From this data species identification and relative levels of activity (Miller 2001) can be 
interpreted, standardized, and summarized. 
 
The remote camera are active 24 hours per day, and are set to take pictures in a rapid succession 
of three with a date and time stamp. Once in place, the camera stations are checked 
approximately every two weeks for data download and battery replacement. The photo data 
accumulated from the camera stations were entered into a spreadsheet summarizing all events 
and recording time of day, date, species, number of photos taken, number of individuals in the 
photos, camera ID, and station ID for each event. From the photo data, total overall capture rates 
and capture rates for each species by camera station or other significant variable is calculated.  
 
This remote continuous monitoring is both cost effective and statistically robust. Through careful 
equipment calibration we can eliminate observer bias that affects the outcome of many biological 
surveys. We can also reduce the need for each survey member to be a highly skilled biologist, 
which is often a limiting resource in remote or developing locations. Following established study 
design protocol, local workers and/or qualified students are trained in proper equipment 
deployment for field data collection, thus creating additional jobs to the local community or 
increased educational opportunities. All acoustical and photographic data are date-time-location 
encrypted and saved to digital media for analysis by trained biologists. Then in turn, we perform 
cluster and diversity analysis on this raw acoustical data in which to draw meaningful 
conclusions about the objectives of the study. Each survey location is tied in spatially allowing 
for the repeatability surveys at the same locations over time.  
 
Monitoring bat populations using remote acoustical detectors and medium to large mammals 
using remote camera trapping techniques coupled with analysis of diversity is cost effective and 
allows for replication at any forest concession locale. This method of assessing ecosystem health 
or treatments applied to systems is both a scientifically powerful and defendable means for 
addressing changes in community composition. The credibility and repeatability of this 
methodology lends itself to monitoring changes of species diversity for Climate Community 
Biodiversity Alliance (CCBA) accreditation. 
 
Avian IUCN species of special concern 
 
During the monitoring phase each avian species with special IUCN listing will be searched for 
by trained personnel. The observer will search appropriate habitats during the appropriate time of 
year for evidence of the target species. Species identification, date, time, number of individuals, 
location (UTM Coordinates, NAD84 16Q), means of detection are recorded for the purposes of 
tracking presence absence during the duration of the Project.   
 
At BCEP the Yellow-headed parrot (Amazona oratrix) is listed as IUCN-Endangered (IUCN 
2009). In Belize, the Yellow-headed parrot inhabits pine savannas and adjacent evergreen forest 
patches (BirdLife International 2008). Habitat loss continues to be a major threat with 80% of the 
Tamaulipas lowlands cleared for agriculture and pasture, and increasing settlement along the 
Western Highway in Belize. In Belize, where much of the suitable habitat lies outside the 
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national protected area system, the regions occupied by the species remain under heavy 
development pressure (Miller and Miller 2007). Many thousands of individuals of this species 
are illegally exported from Mexico and some from Belize each year, a victim of the illicit pet 
trade, where capture involves the cutting down of nesting trees (Miller and Miller 2007).  
Documentation of this species can be considered a very positive sign suggesting good protection 
of the area. 
 
B3.2. Biodiversity Impact Monitoring Effectiveness 
 
Populations and species diversity will naturally fluctuate in an area over time.  While small 
fluctuations in trends are normal, dramatic swings (both explosions and reductions) are typically 
indicative of a major change to the environment examined.  Major swings would require further 
examination as to the potential cause of the event. On a gross scale the loss or addition of any 
single IUCN listed species would be regarded as a negative or positive impact, respectively.   
 
Under this situation the investigator will examine the potential reasons for the impact and bring it 
to the attention of the Project administration. If a conflict needs to be resolved a negotiation 
decision making participatory process will be utilized to arrive to an agreement on mitigation 
actions.  Investigative representatives will maintain the right to publish the matter on the CCB 
website for public review.  The investigator will also maintain the right to bring the matter to the 
attention of the certifying entities. 
 
B3.3. Biodiversity Impact Monitoring Implementation 
 
A full monitoring plan as described in section B3.1. Biodiversity Impact Monitoring Plan will be 
initiated within six months of the Project start date or within twelve months of validation against 
the Standards and to disseminate this plan and the results of monitoring.  This monitoring plan 
will be made publicly available on the internet and are communicated to the communities and 
other stakeholders for public comment. 
 
Once approved, the plan will be executed on Boden Creek Ecological Preserve for the initial 
monitoring period. The same repeatable methodologies will be followed up again at least every 5 
years by qualified trained biologists from the date of registration with the CCBA  

Gold Level  
 

  
 
GL3. Exceptional Biodiversity Benefits 
 
GL3.1. Vulnerability or Irreplaceability  
 
Project site protects habitat for eight IUCN listed species and multiple species locally rare and 
endangered.  Project site protects water quality for the Port Honduras Marine Sanctuary and the 
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largest most pristine coral reef system in western hemisphere. Project site is within the 
Mesoamerica Biodiversity Hotspot as identified by Conservation International36. 
 
The Project is located in Belize’s southern-most Toledo District, BCEP is at the heart of the 
Golden Stream Corridor Preserve (GSCP) with Golden Stream running into the sea on its north 
boundary. This watershed is one of six that empty into the Port of Honduras and is recognized to 
harbor high quality biodiversity (Bowen-Jones 2001, De Vries et al. 2003). The corridor is 
unique in all of Central America as a swath of largely intact contiguous habitat including the 
Maya Mountains, lowland broadleaf forest, and mangroves extending to the sea, without the 
fragmentation that occurs, particularly in coastal areas with burgeoning development. This 
strategic location also makes it an important linkage in the region wide La Selva Maya and 
Belize Biological Corridor initiatives, as well as the Mesoamerican Biological Corridor.  

�
The Project site harbors eighteen bird species that are of conservation concern, based either on 
IUCN international designations or national recognized guidelines (Table 23: Endangered birds 
in the Project site).  
 
Table 23: Endangered birds in the Project site 

Family Common name Scientific name Concern Status 
Pied-billed Grebe Podilymbus podiceps BZE-CC Winter 

Anhingidae Anhinga Anhinga anhinga BZE-CC Resident 
Great Blue Heron Ardea herodias BZE-VU Winter 
Snowy Egret Egretta thula BZE-VU Winter 

Threskiornithidae White Ibis Eudocimus albus BZE-VU Resident 

Anatidae 
Black-bellied Whistling 
Duck 

Dendrocygna 
autumnalis BZE-VU Resident 

Muscovy Duck Cairina moschata BZE-EN Resident 
Green-winged teal Anas crecca BZE-VU Winter 
Blue-winged Teal A. discors BZE-VU Winter 
Lesser Scaup A. affinis BZE-VU Winter 

Rallidae Ruddy Crake Laterallus ruber BZE-CC Resident 
Purple Gallinule Porphyrio martinica BZE-VU Resident 

Recurvirostridae Black-necked Stilt Himantopus mexicanus BZE-CC Winter 
Brown-hooded Parrot Pionopsitta haematotis BZE-VU Resident 
Yellow-headed Parrot A. oratrix IUCN Resident 
Chestnut-sided Warbler D. pensylvanica BZE-CC Winter 
Northern Waterthrush S. noveboracensis BZE-CC Winter 
Rose-breasted 
Grosbeak 

Pheucticus 
ludovicianus BZE-CC Winter 

 

                                                 
36 See Mesoamerica Biodiversity Hotspot  available at 
http://www.biodiversityhotspots.org/xp/hotspots/mesoamerica/Pages/default.aspx accessed 1/21/2010. 
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There are 11 endangered mammals that depend on the Project site for their population (Table 24: 
Endangered mammals in Project site).  
 
Table 24: Endangered mammals in Project site 

FAMILY Common name Scientific name T&E 

Emballonuridae Least Sac-winged Bat Balantiopteryx io IUCN-E 
Mormoopidae Ghost-faced Bat Mormoops megalophylla BZ-concern 

Big Naked-backed Bat Pteronotus gymnonotus BZ-concern 
Underwood's Long-tongued Bat Hylonycteris underwoodi BZ-concern 
Dark Long-tongued Bat Lichonycteris obscura BZ-concern 

Vespertilionidae Van Gelder's bat Bauerus dubiaquercus IUCN-E 
Cebidae Black howler monkey Alouatta pigra BZ-concern 

Spider monkey Ateles geoffroyi BZ-concern 
Tapiridae Baird's tapir Tapirus bairdii IUCN-VU 
Tayassuidae Collared peccary Pecari tajacu IUCN-VU 

White-lipped peccary Tayassu pecari IUCN-VU 
 
To date 52 of the 78 species of bats known to occur in Belize have been documented at the 
Project site. These 52 species comprised 7 families and 34 genera representing a considerable 
diversity (Table 25: Summary of bats documented on Project site).  
 
Table 25: Summary of bats documented on Project site37 

Family Scientific name Common name 
Emballonuridae Balantiopteryx io Least Sac-winged Bat 

Diclidurus albus Northern Ghost Bat 
Peropteryx kappleri Greater Dog-like Bat 
Peropteryx macrotis Lesser Dog-like Bat 
Rhynchonycteris naso Long-nosed bat 
Saccopteryx bilineata Greater White-lined Bat 
Saccopteryx leptura Lesser White-lined bat 

Molossidae Cynomops mexicanus Mexican Dog-faced Bat 
Eumops underwoodi Underwood's Bonneted Bat 
Molossus molossus Pallas's mastiff bat 
Molossus rufus Black mastiff bat 
Molossus sinaloae Allen's mastiff bat 
Nyctinomops laticaudatus Broad-eared Free-tailed Bat 

Mormoopidae Mormoops megalophylla Peter's Ghost-faced Bat 
Pteronotus davyi Davy's Naked-backed Bat 
Pteronotus gymnonotus Big Naked-backed Bat 
Pteronotus parnellii Common Mustached Bat 
Pteronotus personatus Wagner's mustached bat 

Natalidae Natalus mexicanus Mexican funnel-eared bat 
Noctilionidae Noctilio leporinus Greater Bulldog Bat 

                                                 
37 Miller, C.M. Miller, Mike Dixon and Rex Medlin. 
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Phyllostomidae Artibeus intermedius Intermediate fruit-eating bat 
Artibeus jamaicensis Jamaican fruit-eating bat 
Artibeus lituratus Great fruit-eating bat 
Artibeus phaeotis Pygmy Fruit-eating Bat 
Artibeus watsoni Thomas' fruit-eating bat 
Carollia perspicillata Seba’s short-tailed bat 
Carollia sowelli Sowell's Short-tailed Bat 
Chiroderma villosum Shaggy-haired bat 
Chrotopterus auritus Wooly false vampire 
Desmodus rotundus Common vampire bat 
Glossophaga commissarisi Brown Long-tongued Bat 
Glossophaga soricina Common Long-tongued Bat 
Hylonycteris underwoodi Underwood's Long-tongued Bat    
Lichonycteris obscura Dark Long-tongued Bat 
Lonchorhina aurita Tomes' long-eared bat 
Micronycteris microtis Common Big-eared Bat 
Mimon crenulatum Striped spear-nosed bat 
Platyrrhinus helleri Heller's broad-nosed bat 
Sturnira lilium Yellow-shouldered bat 
Tonatia brasiliense Pygmy round-eared bat 
Tonatia evotis Davis’ round-eared bat 
Tonatia saurophila Stripe-headed round-eared bat 
Uroderma bilobatum Common tent-making bat 
Vampyressa pusilla Little yellow-eared bat 

Vepertilionidae Bauerus dubiaquercus Van Gelder’s bat 
Eptesicus furinalis Argentine brown bat 
Lasiurus blossevillii Red bat 
Lasiurus ega Southern Yellow Bat 
Lasiurus intermedius Northern yellow bat 
Myotis elegans Elegant myotis 
Myotis keaysi Hairy-legged myotis 
Rhogeessa tumida Black-winged Little Yellow Bat 

Totals Species 53 
 
Small Mammals38 
 
A small mammal live-trapping study was conducted from February 28 to March 22, 2008 by Rex 
Medlin and Tom Risch, Arkansas State University (Table 26: Small mammal captures at two 
locations in the vicinity of Indian Creek Lodge). A total of 2,348 trap nights at two locations in 
the vicinity of Indian Creek Lodge, Toledo, Belize resulted in the capture of 5 species of small 
mammals. Forty-one captures representing five species (Table 26: Small mammal captures at 
two locations in the vicinity of Indian Creek Lodge) from the combined trapping efforts. The 
majority (46.3%) of the captures were of the Hispid cotton rat (Sigmodon hispidus) followed by 
                                                 
38 This section is based on an earlier draft provided by Rex Medlin and edited by B.W. Miller. 
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the Mexican mouse opossum (Marmosa mexicanus) (29.3%) and the Big-eared Climbing Rat 
(Ototylomys phyllotis) (14.6%).  
 

Table 26: Small mammal captures at two locations in the vicinity of Indian Creek Lodge 
 

Species Captures Recaptures Male Female 
Unidentified 

Gender 
Middle 
Trail Lagoon 

Marmosa 
mexicanus 12 6 12 0  12 0 
Oryzomys 
couesi 1 0 0 1  0 1 
Ototylomy
s phyllotis 6 2 4 1 1 6 0 
Philander 
opossum 3 1 3 0  3 0 
Sigmidon 
hispidus 19 1 12 6 1 7 12 
 
Large Mammals 
 
Remote automatic cameras were established on 22 February though 8 May 2008 to detect 
movements of medium to large terrestrial vertebrates along the BCEP trails. Twenty-eight 
camera traps (Trail Master, Goodson & Associates, Lenexa, KS, USA) were used, two at each 
station along the Cutting Grass, Middle Trails and Boden Creek Trail. These trails were selected 
primarily due to a fairly central and secure location with minimal vehicle traffic (in the case of 
Boden Creek Trail) and little human activity. Camera trap station site selection was generally a 
minimum of 150 meters apart depending on the suitability of trees on which to mount the units in 
a stable and unobtrusive manner. The remotely operated, automatic camera traps consisted of a 
micro-processor data logger/receiver connected by cable to a modified Canon auto-focus marine 
camera, and an infra-red beam transmitter. When the infra-red beam was broken, the event was 
recorded by time and date and, depending on how the unit was programmed, a photograph taken 
of the area where the beam crossed. The units were set for maximum sensitivity and close to the 
ground in order to detect even small mammals.  

 
Five species were detected using the camera traps: jaguar (Panthera onca) - including 1 photo 
depicting 2 individuals (Figure 18: Station #6 Boden Creek Trail, April 3, 3008 03:47h, likely 
pair), ocelot (Leopardus pardalis), tapir (Tapirus bairdii), paca (Agouti paca), and common 
opossum (Didelphis sp.).  
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Figure 18: Station #6 Boden Creek Trail, April 3, 3008 03:47h, likely pair 
 
Of the 5 species that were detected, the tapir is particularly noteworthy since it is listed as IUCN 
Vulnerable  and seems to be commonly encountered and conspicuous at BCEP, particularly 
along the streams during dry season. There were 16 photographs of tapir, some of the same 
individual that lingered in front of the camera through several photos. Because the tapir is a large 
animal traversing narrow trails, only “portions” of the animals were caught on film. 

 
The photo depicting two jaguars suggest a courting pair since one individual is a male also 
portrayed in two other (right profile) jaguar photos (Table 21: Jaguar captures on photo ). There 
are also 3 left profile photos depicting a male jaguar, likely the same individual.39 He was active 
throughout the time the cameras operated (February-May) indicating that BCEP is likely part of 
his core territory. As the prime territory holder, often a single male can be responsible for a great 
deal of such activity in a given location (Miller, C. 2003, 2005a, 2005b, 2006). 
 
Ocelots are widespread and ubiquitous in nearly all habitats in Belize as is the opossum. The 
paca is normally under hunting pressure so it can be considered a very positive sign that it was 
photographed during this study suggesting good protection of the area. Other mammals 
opportunistically noted during the study, but not photographed, included brocket deer, white-
tailed deer, and black howler monkeys (on two occasions).  �
                                                 
39 Under ideal circumstances, both cameras in the pair at the station fire simultaneously when the infra-red beam is 
broken, resulting in both left and right profile photos of the animal making a positive determination of identity 
possible. 
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�

Furthermore, because of water quality protection provided by the project site, it is important to 
note that important habitat of the Antillean West Indian Manatee (T. m. manatus) – IUCN-Vu, 
and the Morelet’s Crocodile (Crocodylus moreletii) – IUCN - conservation dependent both will 
benefit by the protection of the Project.  Both species have been observed at or nearby the project 
site. 
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