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Executive Summary 

The Boden Creek Ecological Preserve project (“Project”) conserves 5,211 ha in Belize, 

Central America for a project period of 20 years. Boden Creek Ecological Preserve 

(BCEP) is the owner and manager of the property. BCEP leases the property to Belize 

Lodge and Excursions (BLE), allowing for co-benefits in ecotourism job creation. 

Extensive monitoring is proposed to address climate, biodiversity, and community 

impacts. Climate, Community, and Biodiversity Standard 2
nd

 Edition Gold Level is 

achieved by virtue of the significant biodiversity resources conserved on the property and 

the critical location of the property in the immediate watershed of the Port Honduras 

Marine Sanctuary. Forest Carbon Offsets, LLC (FCO) is the Project developer. The 

Conservation Management Institute (CMI) at Virginia Tech is the Project technical lead. 

Independent third party validation has been performed by SCS Forestry. The Project 

follows the carbon accounting principles of conservatism, accuracy, completeness, 

transparency, consistency, and relevance. Validation under a carbon accounting standard 

such as the Voluntary Carbon Standard is planned.
1
 After this further step is successfully 

achieved, registration of voluntary emission reduction credits will be conducted with 

Markit Environmental Registry.
2
 

                                                 
1
 Voluntary Carbon Standard Web Site:  http://www.v-c-s.org/  

2
 Markit Environmental Registry Web Site:  

http://www.markit.com/en/products/registry/environmental.page? 
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CL. Climate Impact Monitoring Plan 
 

The goal of climate impact monitoring for BCEP is to insure that estimates of carbon 

stocks and GHG emissions are accurate and updated. The origin of the data will be field 

observations made on an annual basis and verified by a 3rd party auditor at least every 5 

years. The monitoring times will be during the dry season, typically December through 

April of each year. Each permanent plot will be remeasured each year. Summaries will be 

produced for each verification event. The landowner has responsibility for monitoring 

and has budgeted personnel and funds for that purpose. The data quality will be assessed 

at each verification event. The monitoring plan is available for review and includes a 

QA/QC component. 

 

Objective 1: Update Forest Growth Rates and Carbon Stocks 

 

The above ground biomass is calculated using allometric equations based on the size of 

hardwood trees >5cm DBH and the height of palms. Data will be collected in the field 

using nested fixed area plots. Each individual tree inventoried is tagged and given a 

unique ID. Each plot will be revisited annually if possible. 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 the estimation of GHG emissions was the published 

national rate of 2.3% (Wyman and Stein 2010).  Ultimately, the intent of the project is to 

use a methodology approved by the Voluntary Carbon Standard Associations that 

encompasses avoided emissions from planned deforestation.  The methodology is in 

review at present, and once that methodology is approved, a new calculation will be 

performed and a monitoring plan for climate benefits that coincides with that 

methodology will be audited by a third party as part of the validation of the project 

through the VCS. Once that is complete, a unification of the climate benefits monitoring 

between this project design document and the VCS project design document will occur 

with the VCS methodology taking precedence. 

 

Monitoring Plan Description 

 

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. All data 

collected as part of monitoring will be archived electronically and kept at least for two 

years after the end of the project; 100% of the variables will be monitored if not indicated 

otherwise in tables below.  

 

Updating of Strata 
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The ex-post stratification may be updated due to the following reasons:  

 

• Unexpected disturbances occurring during the crediting period (e.g. due to fire, pests 

or disease outbreaks), affecting differently various parts of an originally 

homogeneous stratum;  

• Forest management activities (cleaning, planting, thinning, harvesting, coppicing, re-

planting) may be implemented in a way that affects the existing stratification.  

 

Established strata may be merged if reason for their establishing said strata have 

disappeared.  

 

The sample size required to achieve the desired precision and confidence is 20 forest 

inventory plots. However, to ensure that the full range of variability was captured in the 

Lowland Broad-Leafed Wet Forest class on the Project site, a total of 26 forest inventory 

plots were allocated. Plots are randomly allocated within the Lowland Broad-Leafed Wet 

Forest class using geographic information systems (GIS) and identified by specific XY 

coordinates (Table 1: UTM locations of forestry plots used to determine aboveground 

biomass (coordinates are in WGS 84 zone 16) and Figure 1: Location of forest sample 

plots at BCEP).  

 
Table 1: UTM locations of forestry plots used to determine aboveground biomass (coordinates are in 

WGS 84 zone 16) 

Plot ID X coordinate Y coordinate 

1 307223 1801041 

2 310014 1804373 

3 306734 1805336 

4 309546 1799665 

5 310373 1803894 

6 305126 1800216 

7 307018 1803584 

8 307918 1805047 

9 307806 1804326 

10 306569 1801938 

11 307239 1800066 

12 310192 1803071 

13 307140 1801838 

14 308038 1805429 

15 305784 1800156 

16 307517 1805715 

17 309332 1802438 
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18 308703 1805334 

19 307561 1806108 

20 307594 1799864 

21 304106 1800663 

22 304949 1800058 

23 308801 1804441 

24 311735 1803043 

25 312012 1803278 

26 312003 1802413 

 

 
Figure 1: Location of forest sample plots at BCEP 
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Data and Parameters Monitored  

 

The monitored parameters are (see Table 2: Area of Stratum, Table 3: Area of Sample 

Plot, Table 4: DBH, Table 5: Tree Height, and Table 6: Years Between Monitoring Time) 

with appropriate QA/ QC. Monitoring will occur annually if possible at each plot.   

Table 2: Area of Stratum 

Data / Parameter Ai 

Data unit Ha 

Description Area of stratum i 

Source of data to be used Monitoring of strata and stand boundaries shall be 

done preferably using a Geographic Information 

System (GIS), which allows for integrating data 

from different sources (including GPS coordinates 

and Remote Sensing data). 

Value of data applied for the 

purpose of calculating 

expected emission reductions  

Data is essential to project success. 

Description of measurement 

methods and procedures to be 

applied 

Strata are presumed ex ante to by constant unless a 

major external event occurs e.g. hurricane, insect 

outbreak, etc…  If a major external event occurs that 

would lead to the need for further stratification, then 

a vegetation map update would be performed using 

Quickbird or similar imagery (on screen 

interpretation and delineation) followed by field 

based confirmation of strata boundaries.  Once the 

new strata are confirmed, a new calculation of 

sample size by strata will be performed and if 

necessary additional permanent plots established in 

the new strata. 

QA/QC procedures to be 

applied 

Remote sensing data checked against field data and 

vice versa.  Permanent plots established and audited.  

Imagery retained and available for audit. 

Any comment It shall be assumed ex-ante that stand boundaries 

and strata areas shall not change through time 

 

Table 3: Area of Sample Plot 

Data / Parameter Ap 

Data unit m
2
 

Description Area of sample plot 

Source of data to be used Recording and archiving of size of sample plots 

Value of data applied for the 

purpose of calculating 

expected emission reductions  

Data is essential to project success. 

Description of measurement 

methods and procedures to be 

Ex-ante the size of plots shall be defined and 

recorded in the monitoring plan. 
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applied 

QA/QC procedures to be 

applied 

Measurement is periodically checked by colleagues 

onsite. Permanent plots available for audit. 

Any comment  

 

Table 4: DBH 

Data / Parameter DBH 

Data unit cm 

Description Diameter at breast height of tree 

Source of data to be used Field measurements in sample plots 

Value of data applied for the 

purpose of calculating 

expected emission reductions  

Data is essential to project success. 

Description of measurement 

methods and procedures to be 

applied 

Typically measured 1.3m above-ground. Measure 

all trees above some minimum DBH in the sample 

plots that result from the IFM project activity. The 

minimum DBH for all sites must not be more than 

20cm. 

QA/QC procedures to be 

applied 

Measurement is periodically checked by colleagues 

onsite.  Permanent plots available for audit. 

Any comment Ex-ante the change in carbon stocks in all applicable 

pools will be modeled following the requirements in 

Section 4.1 

 

Table 5: Tree Height 

Data / Parameter H 

Data unit m 

Description Height of tree 

Source of data to be used Field measurements in sample plots 

Value of data applied for the 

purpose of calculating 

expected emission reductions  

Data is essential to project success. 

Description of measurement 

methods and procedures to be 

applied 

Height is ranked using height ranking class. 

QA/QC procedures to be 

applied 

Measurement is periodically checked by colleagues 

onsite. Permanent plots available for audit. 

Any comment Ex-ante the change in carbon stocks in all applicable 

pools will be modeled following the requirements in 

Section 4.1 
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Table 6: Years Between Monitoring Time 

Data / Parameter T 

Data unit yr 

Description Number of years between monitoring time t and t1 

(T = t2 – t1) 

Source of data to be used Calendar. 

Value of data applied for the 

purpose of calculating 

expected emission reductions  

Data is essential to project success. 

Description of measurement 

methods and procedures to be 

applied 

Calendar. 

QA/QC procedures to be 

applied 

Monitoring will occur during dry season. 

Any comment Ex-ante the monitoring plan shall detail the planned 

monitoring intervals through the project life 

 

CM. Community Impact Monitoring Plan 
 

To measure the socio-economic impacts of the with-Project scenario, the monitoring 

metric will be annual employment of local community personnel in annual work-hours 

actualized for the Project and measured against the without Project scenario. Monitoring 

data will include payroll records, annual audits, and records maintained by the Belize 

Labor Department. Comparisons will be made between project metrics and the most 

recent Toledo District census
3
 to determine the number of full-time-equivalent jobs that 

pay at least 2.5 times the poverty rate with 100% timely payroll according to the Belize 

Labor Act. This metric will be compared to the number of potential jobs provided by 

citrus plantations.  

 

The only community impact HCV identified is the Nim Li Punit archaeological site. 

Since the project has no control or direct input to the operations of the site, monitoring 

will simply consist of a confirmation that the site is still in existence. 

 

Monitoring will occur on an annual basis and will include a desk review of the collected 

information. An independent third-party audit will occur at least once every five years. 

 

B. Biodiversity Impact Monitoring Plan 
 

The biodiversity objective for the Project is to maintain existing biodiversity and HCVs 

to the extent possible barring setbacks from natural processes. The following monitoring 

plans reflect Miller and Miller 2008 and Miller, B. W. and M. J. St. Germain 2009. 

                                                 
3
 2002 Belize Poverty Assessment Report 2004.  National Human Development Advisory Committee, 

Government of Belize.  http://www.statisticsbelize.org.bz/dms20uc/dm_filedetails.asp?action=d&did=13 
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The following surveys will be conducted no less frequently than every 5 years: 

 

• Acoustic surveys of bats with Anabat (Miller, B. W. and M. J. St. Germain 2009 

and Miller 2001). 

• Large-medium mammals surveyed using remotely-triggered camera trap.   

• Anecdotal observations of other species will be noted with particular emphasis on 

Geoffrey’s Spider Monkey and the Howler Monkey since both are listed by IUCN 

and neither are readily detected with the other methods even though both are 

highly visible and easily observed. 

 

The initial plan for biodiversity metrics is described in Table 7: Objectives of 

Biodiversity Monitoring. 

 
Table 7: 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 

camera traps (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 and 

mammalian 

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 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 
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extended period of time. With an array 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). 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 

(Figure 2: Locations of camera trap surveys on BCEP and Figure 3: Locations of bat 

surveys on BCEP). 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.  

 

The Acoustic bat detectors (Anabat II with CFZCAIM and/or Anabt SD1: Titley 

Electronics, New South Whales, Australia) are programmed to turn on before dusk and 

turned off after dawn (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. 
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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. It is possible to 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 plan, 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, cluster and 

diversity analysis is performed on this raw acoustical data 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. 
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Figure 2: Locations of camera trap surveys on BCEP 
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Figure 3: Locations of bat surveys on BCEP 
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