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Acronyms

Al Activity Index

Al% Activity Index Percent

BFREE Belize Foundation for Research and Environmental Education
BNR Bladen Nature Reserve

BRIM Y a A a x ¢ h é Hity RdBearech] Invergory and Monitoring strategy
CRFR Columbia River Forest Reserve

DBH Diameter atBreast Height

ENS Effective Number of Species (or True Diversity)

GIS Geographical Information System

GSCP Golden Stream Corridor Preserve

IUCN International Union for Conservation of Nature

MCD Minimum Cutting Diameter

MGL Maya Golden LandscapgY a Haxc h éHs wor king ar e.
MMNFR Maya Mountain North Forest Reserve
NGO Non-Governmental Organization

NOAA National Oceanic and Atmospheric Administration

PSP Permanent Sample Plot for vegetation monitoring
REA Rapid Ecological Assessment
SP Species Richness
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Summary

Y a H a €ande®ation Trust is a Belizeananmunity-based NGO that works to protect
and promotethe sustainable use of the natural resourced the Maya Golden Landscape,
a 770,000 acre mosaic opublic and private protected lands and communitie¥.a Ha x ¢ h é
manages he Golden Stream Corridor Preserve (15,000 acregrivate) and cemanages
the Bladen Mture Reserve (100,000 acresiand the Maya Mountain North Forest
Reserve (36,000 acres)n collaboration with the Government of Belize. Since 2006,
Y a H a xhash léeen monitoring biodiversity to observe possible changes the
environment and track the effet of unsustainablehuman activities on these and other
protected areas not cema naged by The imtehtion ofhtiéis monitoring is to
inform our conservation actions.Initially, the Biodiversity Monitoring Program only
included bird and mammal transest but over the years we have added other taxa and
methods such as freshwatemacro-invertebrates, bats, landsnails, vegetation, weather
monitoring, road traffic density and road crossings, and finally lande change
monitoring. Methods include point, tansect and plot sampling in the field, digital data
management and digital analysis ugrGIS, covering the entirdaya Golden Landscape

In 2016, transect monitoring remained variable as in the previous yedfillage lands
recorded similar species richnes than in 2015, with a particularly high number of
migrant bird species and was comparable to that dbrested lands and savannah
Dominant species like the chachalaca tend to show prominently in the cour@&amebird
species were completely absent from vilage landsbut game mammal species were
present in higher number than the previous yeailhe forest transect BNR2, considered
the least disturbed of tlke transects,exhibited high species richness for both bird and
mammal target species witldominant speces being the two monkey species in our list
Overall the forest transects in Bladen Nature Reserve and Columbia River Forest
Reserve recorded higher target species richness than transects @Golden Stream
Corridor Preserve.

This year, wereport on the phenology and growth of the threatened rosewood species,
Dalbergia stevensonMonitoring data collected between 2013 and 2016 showthat D.
stevensonireproductive timing is closely tied to seasonal weather patterns. In addition,
preliminary growth rate andyses show that the hardwood species is indeed slow
growing, as presumed, though growth rates vary between size classHsese studies
provide valuable lifecycle data for the species, which are necessary to develop
sustainable harvest and management plans

Data collection from the weatherstation at the Golden Streamfield station remained
consistent throughout the year.Data collection at the Bladen ranger base was variable,
but the data in combination withthe Golden Streamdata show thatthe wet-dry seasonal
patterns experienced by Belize were exaggerated for the MGL in 2016. As in 202816
experiencedan intense dry seasonRainfall peaked in Golden Stream in August, which is



likely due to the arrival of category 1 hurricane Earl to Beliz®verall, 2016 was wetter
for Golden Streamthan the previous two years.

YarHaxché continuously strives to improve it s
the conservation community and the general public with reliable, accurate and high

quality information. It is not always possible to conduct data collection considering
limitations beyond our control andthe number of tasks carried out bythe Ya Ha x c h é
ranger team. However, the quality of work anducted by the team is of thehighest

standards andY a # a airashteékeep improving its monitoring program througbonstant
capacity buil ding and targeted and focused
adopting national strategies for research and monitoring and pledges to make every

effort to assist the nationaldevelopment of these where possible for the continued
improvement of biodiversity conservation in Belize.

Introduction

Ya'axché Conservation Trusf( Y a H aixacBkliéean organisation which aims to maintain

a healthy environment with empowered commuriigs by fostering sustainable
livelihoods, protected area management, biodiversity conservation and environmental
education within the Maya Golden Landscapd@. h e o r g a geographical doouls &

the Maya Golden Landscape (MGLWhich encompasses welve protected areas in

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

protected areas are managed by a H a X helGélden Stream Corridor Preserve (GSCP)

is a 15,000 acre preserve bawforemsdpartaohtde limanaged
between the Maya Mountain Massif and the coastal ecosystems of the Caribbean Sea.

The Bladen Nature Reserve is a 100,000 acre strictly protected nature reserfd&/CN

Category 1a), owned by the Government of Belize and eqnbanaged b ysincéafaxch
2008. The Maya Mountain North Forest Reserve, a key biodiversity area, is a 36,000

acre forest reserve that serves as a model for sustainable use and extraction of natural
resources within BelizeHAs protected areas sy

Over the pasteight years Y a Ha x ¢ h é infipkereentibgea ebiodiversity monitoring
program to observe possiblechangesoccurring in the natural environment that could
indicate unsustainable human activitie®Wh e n Y a Ha x c ¢oénanagerneatpf the d
Bladen Nature Reserve in 2008 a Biodiversity Research, Inventory and Monitoring
(BRIM) strategywas dr afted by Ya#Haxché(FF)amdoedo & FI o
Institute for Development and Environment (TIDE) as a necessary planning exercishis
strategy details the questionst h at Y &a€bs wherh Managing and conanaging
protected areas, and recommenda number of target groups (e.girds and mammals
freshwater invertebrates, and vegetation) to be monitoredin order to answerthese
guestions.The BRIM strategyprovides dhort outlines of the methodology to be used, and
general guidelines for the analysis of thdata gathered It also prescribes the annual
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analysis of the data, to facilitate comparison among years gmavide information to

guide managementdecisions This document is undergoing an update to include other

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

Yaraxché has <collected data on birds

throughout the Maya Golden Landscape since 2008. formal structure was put in place
in 2009 and since then the ranger teamhas beentrained in freshwater macro-
invertebrate sampling and freshwater physiochemical monitoring by freshwater
ecologist, Dr Rachael Carrie, who also initiated the weather monitognactivities. In

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

improved between 2013 and 2015 byY a H a x RekeérthsCoordinator Olatz Gartzia

and Consultant Thomas Foxley, both experienced bat researchdrs 2012, Y a fheft s

botanist, Gail Stott,in collaboration with plant ecology consultant Dr. Steven Brewer
added vegetation monitoring to the existing programme by establishing two o#eectare

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

coll aboration between Ya#raxché and The

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

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

This report continues the efforts made througtout the past 8 years to ensure the
fulfilment of the BRIM strategy requirement to report major findings annually Ths year
we present the results from bird and mammal tansects, farm monitoring, tree

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

combining 2016 and 2017 data in the 2017 reportFreshwater monitoring dataanalysis
is also on hold pending the return of freshwater ecologist Devina Bahd as such thihas
alsobeen omitted from this year#Hs report

This report has a few important sectios including the Introduction with general
information on the report; Methodology, whichconsists of an irdepth description of the
methods used to collect data and the statistichtools used for analysis, whiclis then
presented in the fourth section titled Results. This is followed by a set air€lusionsas
well asRecommendationsto improve data collection and analysir the coming yeas
and how to overcome identified shortconmgs. Finally, a section is included to
acknowledge the people and organisations that helpadthe fulfilment of this report.

and

Gl
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Figure 1. Location of theMaya Golden Landscape and its protected areasthe ToledoDistrict.

Method ology

Bird and large mammal transects

Transect monitoring in 2015 asin previous yearsinvolved birds and large mammals as

key taxa Transects are locatedn and aroundsome ofthe protected areas in the Maya

Golden LandscapdseeFigure 2). Theseare transect point counts and sign transectsll

1km in length with stopping points every 200m to observe and listeBirds were

detected using sight and sound cues, while mammals were detectedngsdirect

sightings, tracksand an aray of different signs suclasfaeces, smell, sourgland scratch

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

species was used and recordings weranmited to the selected species (se€able 2 for

birds and Table 3 for mammalg. These species iss are taken from YaH
strategy, and adapted to the current listused in the databases.

Our target species list is classified isix indicator groups(seeTable 1) and each species in

the list indicates a different factor based on their habitgreferences and ecologyThis
classificationis taken into account when analysing bird and mammal data andised to

facilitate making conclusions from the monitoring resultsFor example, an increase of

hDi sturbed forest I n d fatcdedranlatienAwhereas) dedreasech d i ¢ a t
h Game s fwhness eosldiindicate a high level diunting pressure and/or habitat
degradation.



Tablel.Description ofindicator groups for both mammal and bird target species

Code Class Description

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

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

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

G Game species Regularly collected species

W Wetland indicator Species linked to littoral or riparian habitats

P Pine-savannah indicator Species linked to pine savannah habitats

e Active transects

E] PAs (co)-managed by Ya'axche
["/] Other PAs

= Southern highway

I Agroforestry concession
Agricultural uses

Lowland broad-leaved moist forest
Lowland broad-leaved wet forest
Lowland broad-leaved moist scrub forest
Lowland pine forest

Lowland savanna

Shrubland

B Mangrove and littoral forest

I Submontane forest

B Urban

B Water/Wetland

111

Figure 2. Location 0f2016 biodiversity monitoring transectswithin the MGL




Table2. Target bird indicator species (n=30)

Common Name Migratory

o)
i

American Redstart
Black and White Warbler
Blue-gray Gnatcatcher
Bronzed Cowbird
Brown-hooded Parrot
Cerulean Warbler
Chestnut-sided warbler
Common Yellowthroat
Crested Guan

Dickcissel
Golden-winged Warbler
Grace#rHs Warl
Great Curassow

Great Tinamou

Hooded warbler
Keel-billed Motmot
Keel-billed Toucan
Kentucky Warbler

Little Tinamou

Louisiana Waterthrush
Magnoliawarbler
Northern Waterthrush
Painted Bunting

Plain Chachalaca
Prothonotary Warbler
Slaty-breasted Tinamou
Swai nsonHs )
Wood Thrush
Worm-eating Warbler
Yellow-headed parrot

Z << <Z<KZ<K<K<K<KZ<KZZ<KZZZ<K<KZ<<<2ZZ<<
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Table 4. Distribution of species in the indicator groups and serves as a reference for when the

Table3. Target mammal indicator
species (n=19)

Common Name Class
Agouti G
Baird's Tapir W
Brown Brocket Deer NA
Coatimundi NA
Collared Peccary G
Howler Monkey F
Jaguar F
Jaguarundi D
Margay F
Naked-tail Armadillo NA
Neotropical River Otter w
Nine-banded Armadillo G
Ocelot F
Paca G
Puma F
Red Brocket Deer F
Spider Monkey F
White-lipped Peccary G
White-tailed Deer G

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

D F G M P W N/A
Birds # species 4 10 3 7 3 3 0
% species  13.3% 33.3% 10.0% 23.3% 10.0% 10.0% 0.0%
Mammals  # species 1 7 6 0 0 2 3
% species  5.3% 36.8% 31.58% 0.0% 0.0% 10.53% 15.79%




Species fromboth mammal and bird lists ar@ssigned to one of thandicator groups
based on respectively, the TField Guide to the Mammals of Central America and
Southern Mexicd (Reid 2009) and TBirds of Beliz& (Jones & Gardner 2003) and
validated by the local knowledge of a H a#t £ hifénger team.

Not all indicator groups inTable 1are applicable to the mammals of the Maya Golden
Landscape. There are no loadistance migrants and the fairly large roaming distances of
some ofthe species means that their preference for a specific habitat will be less clear
(e.g.Red brocket deer will prefer the forest, but can be seen in the savannah). Therefore
we assigned all mammals to either Forest health indicators, Game seear Wetlard
indicators, and only amall numberof species were not assigned to any group due to

their | gener al i s fTdble4h &hb Tables2 andr8 antthe previoys page
present a more detailed species list and their corresponding indicator group.

Data collection

Transect location and habitat

The core data collectedn transects arethe number of species observed anthe number

of individuals observed per species:our transects were monitored in Columbia River

Forest Reserve (CRFR 1, 2, 3 and, 49re on thevillage lands in Indian Creek (IV1), three

in Golden Stream Corridor Preserve (GSCP1, 2 and 9) and two in Bladen Nature
ReservehHs forest ( B NRDwp traaseals w&a implamerded and B NR 3 )
monitored in Maya Mountain North Forest Reservéd MMNFR 1 and 2), but these data
willfirstb e pr es e nt e dsynthesis nepoxt The giversity &f fabitats within the

transects makes our monitoring progam a landscape scale approachiable 5 contains
information about each transect, and a map aWwing the location of the transects is
presented inFigure 2

Disturbance gradient

Among the transects in forest habitats, a gradient of natural and human disturbances can
be observed. Te transects in Bladen Nature Reserve arhe least disturbed and the
ones in Golden Stream Corridor Preserviihe most disturbed. This gradient is not equally
prevalent at every transect location and is not quantified other than by calculated
damage from hurricane Iris (2001) and the estimated proximity of residential and
agricultural areas (see Table 5). The gradient is thus to be considered a rough
approximation of disturbance levels.
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Table5. Description of the currently active transects, their locatios, leves of human disturbance
and general ecosystem typethrough which the transects run.

Transect Length Area Land Disturbance Ecosystem
Name (m) Administration
BNR2 1000 Bladen Nature Reserve Minimal Primary forest on
karst hills
BNR3 1000 Bladen Nature Reserve Minimal Lowland
savannah with
pine
CRFR1 1000 Columbia Forest Reserve Minimal; 0-20% hurricane Primary forest on
River damage (2001); proximity of karst hills
agriculture
CRFR2 1000 Columbia Forest Reserve Minimal; 0-20% hurricane Primary forest on
River damage (2001) karst hills
CRFR3 1000 Columbia Forest Reserve Minimal; 0-20% hurricane Primary forest on
River damage (2001) karst hills
CRFR4 1000 Columbia Forest Reserve Minimal; 0-20% hurricane Primary forest on
River damage (2001) karst hills
GSCP1 1000 Golden Private Protected 60-75% hurricane damage  Secondary forest
Stream Area (2001); proximity of village  on karst foothills
and agriculture
GSCP2 1000 Golden Private Protected 60-75% hurricane damage  Secondary forest
Stream Area (2001); proximity of in coastal plain
agriculture
GSCP9 1000 Golden Private Protected 60-75% hurricane damage  Secondary forest
Stream Area (2001); proximity of along riverside in
agriculture coastal plain
AV 1000 Indian CommunityLands 60-75% hurricane damage  Mosaic of farms,
Creek (2001); proximity of secondary forest
highway and agricultural and residential
clearings

Transect visit schedule

Transects were visited according to pre-set monthly schedulebut deviated from that
due to logistical limitations(see Table 6). Dates were kept flexible to allow foraccess
uncertainty such as seasonal bad weather and/or otheanger tasks (e.g. expeditionsr
deep patrolsor other research activitieg interfering.

For bird monitoring, the transectswere visited twice daily: early morning and late
afternoon as much as possible. Andifferences to this default schedule are reflected in
the results section for birds and mammal$Some transects require a day wali, for
which the afternoon visit would be performed first and the morning visit the secondyd
after a night camping. &rge mammal monitoring was combined with the transect visits
for bird monitoring, but signs and sightingsor mammalswere only recorded during
either the morning or the evening visitto avoid doublecounting. A more detailed
description of the methodology sed on the transects can be found in the BRIstrategy
document
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Table 6. Transect visits in 2016; shaded areasndicate periods of inaccessibilityor scheduling
limitations

Month BNR2 BNR3 GSCP GSCP GSCP CRFR CRFR CRFR CRFR4 IV1 To
1 2 9 1 2 3 tal
Jan 1 1 1 1 1 1 6
S Feb 1 1 1 1 1 1 6
@ Mar 1 1 1 1 1 1 2 8
 Apr 1 1 1 1 4
g May 1 1 1 1 1 1 1 7
Jun 1 1 1 1 4
Jul 1 1 1 1 1 1 6
s Aug 1 1 1 1 1 5
8 Sep 1 1 1 1 4
@ Oct 1 1 1 1 4
g Nov 1 1 1 1 4
Dec 1 1 1 1 1 5
Total 7 12 5 4 4 5 5 5 5 11 63
Data quality

Y a H a Xielch s&taff is constantly facing challenges with data collection both for
enforcement and compliance and for biodiversity monitoring. Whildata collection,
database management, andjuality of the data has significantly improved since the first
Biodiversity Synthesis Report, logistical limitationsoften hinder the amountand quality
of data collected. Transect visit scheduls are flexibleand prioritized when possilde over
other activities, allowing for an increase in our monitoring efforDue to staff turnover,
Y a A a kas kodtinued runningtraining sessionsfor the ranger team toenhance data
entry skills andfield monitoring techniques, whichhasincreased the ével of accuracy and
detail of their recorded data.As a result, datainconsistencies such as observations
without species name or number of individuals observed are virtually eliminatiedm the
database. No observatinos lacked species nanse for birds and mammals, and
observations that lacked nurber of individuals in thedatabasewere set conservatively to
hilH.

Data analysis

Data analysis uses the instructions ithe BRIM strategy as astarting point, but were
largely built on the progress accormlished in previous Biodiversity Synthesis Reports
Analysis was rostly done per transect, thereby pooling together the data from all visits
for each transect. This was considered a suitable way to achieve a good overview of
larger scale differences between transes. Additionally, for a more landscape level
approach, we have compared our indicator groups between different habitats (savannah,
forests and villge lands) as we did in the la&tur biodiversity reports (Gutierrez 2016;
Gartzia and Gutierrez 2015;Gartzia, 2014; Hofmaret. al.2013).

12



Actual number of observed species (Target Species Richness)

The actual number of species observedr the target species richnessis the simple
illustration of the total actual biodversity of the ecosystems. Itsi calculded for every
transect on which at least one individual of the target species was observicheeds to

be stressed that the species richness has an upper limit equal to the number of target
species on the lists mentioned above (s@able 2 and Table 3), hence the name Target
Species Richness.

Diversity profiles

We have combined relative abundancesdividual diversity indices and theEffective

Number of Species per transectinto an approach callediversity profiles (Téthmérész

1995; Magurran 2004; Hill & Mar 1973) The diversity profiles will inform us in an
integrated fashion about the species diversity among different transiscand the effects

of dominance; they visualizehe Effective Number of Species caltated from the

different diversity indices {Target Species Ri c hne s s [ R] , Shand nonHs
SimpsonH®}s index |

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

Number of Species, they weigh species differéptaccording to their relative abundance

(i.e. rarity or dominance). TargeBpecies Richness counts every sgcies equally, no
matter how manyt i mes it was detected, and thus doe:
abundance. ShannonHs cies acdoeding toviesiredptive abendamae,y s p e
making the rarest species contribute less to the Effective Number of Species estimate.

Si mp sidexfyees further and gives proportionately more weight to those species

with the highest relative abundance, hencamplifying the dominance of certain species.

This gradient is called the horderf pf dive
derived from (Reewmhp6lHs entropy

Where D, represents the species diversity of ordey, p;indicates the relative abundance

of speciesi, and S stands for the total number of species. Wheequals zero, we obtain

the target species richness. Whep equas 1, we obtain the Effective Number of Species

that corresponds to the exfPdAndevheniegubls2ove t he S
get the Effective Number of Species that is equivalent to the inverse of Ssmpy Hs | nde x .
we plot the Effective Numler of Species as a function of the value pf we obtain a

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

(or hevennes s ®abandancekat thetsame mes pec i e

The higher the profile, tle higher the divesity. If two diversity profiles cross, the
communities have different levels of dominance and are said to be rommparable

13



(Tothmérész 1995; Jost 2010) The diversity profileswvere plotted using the PASW3.12
software (Hammer et al,2001).

Rarefaction curves

Sincetransects have anunequal number of transect visits abundance data cannot be
interpreted easily. Transects that have been visited once or twicannot possibly have
uncovered the same number of speciesstransects that have been visited four times or
more.

To take this into account, we make use mdrefaction curves(Gotelli & Colwell 2001;
Magurran 2004) that allows compaison of speciesaccumulation between transects at a
set number of transect visits. This satumber of transect visits is determined by the
transect with the least visits.

Rarefaction cuvesare created by repeatedly drawing a random subset of transect visits
from one transect (with varying number of visits per draw), registering the species
richness per draw, and then plotting the average number of species found as a function of
the number of transect visits. Thus rarefaction generates the expected number of species
in a small collection ofransect visits drawn at random from the large pool ¢fansect
visits of that transect The rarefaction curves were calculated and plotted ugirthe PAST
v3.12 software (Hammer et al.2001).

Indicator Groups

To measurethe effects of habitat disturbance on the species compositi, we sum up all
individuals observed and calculate the percentagenhat fall in each Indicator Group. We
use percentages to standardize visit frequency and nuebof species across transects
and tocompare between transects and habitat

Farm monitoring
Study area

The area covered under the farm monitoring/as approximaely 500km? within the MGL.

The area is a mosaic of farmlands, forest patches and community larfdgufe 1).
Farmland is dominated by slash and burn producing staple crops such as corn for the
most part. Cacao farms are typically found within this samadtscape oftentimes forming
islands of forested land within cleacut areas under cultivation for corn. Fallow land is
under various degrees of succession with many patches having been cultivated in the last
5 years. Community lands are small and much oétland surrounding the communities is
set aside for farming. Some forest patches are connected through the mosaic of fallow
lands and land under cultivation. A network of gravel roads spgdhe area connecting to

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

of the country and bisects the conceptual area of the proposed Southern Belize Corridor.
Five cacao farms were chosen out of a total of nine potential farms that include cacao and
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clear-cut land. Farm sizes rangefrom 6to 12 acres, with the smallest area under cacao
being 1.5 acres and the largest at &res. All farms were at leastkin apart and spread
across five different communitiesable7). These five cacao farms are adjacent to or in
close proximity to patches of forest that are connected via #h many areas of land in
fallow.

Land Use Classification--
Differentiated Agriculture

I Forest
Agriculture - Semi-Vegetated
Agriculture - Cleared

Il Urban

I Savannah

@ CFH Farms

[ study Area
* Villages

0 1 2 3 4 5 miles
I T .

Figure 3. Study area showing differing densities of vegetation within the landscape. Dark green
represents healthy unaltered forest. Light green represents land with varyinglegrees of
regeneration no more than 10 years old. Light orange represents areas under current cultivation
of corn and other cropsBlack dosrepresent the selected farm locations.

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

FARM 1 FARM 2 FARM 3 FARM 4 FARM 5
Area (Acres) 6 8 6.5 6 12
Area Under Cacao 4 6 55 4 15
Production (Acres)
General Location Golden Stream Indian Creek Hickatee Silver Creek  San Miguel

Village Village Village Village Village
Age (Yeas) 20 20 8 5 25
Canopy Cover 90% 40% 50% 30% 80%
Canopy Height ~4m ~8m ~4m ~5m ~6m
Distance From Roads ~100 m ~70m ~20m ~1 km ~20m
Adjacent To Forest Patch Yes Yes Yes Yes No
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Mammal surveys
One camera trap was place on the perimet®f each farm, facing towards the centre of

the farm. Where possiblecameras were placed in close proximity to game trails and
under canopy. Cameras were moved only once to another location within the farms in
order to maximize the probability of detecig more species. Number of cameras and
location changes were subject to resource limitations. In contrast to the bird surveys, the
mammal surveys aimed at documenting all the mammal species that may occur in the
farms although indicator species under the M strategy were considered as another
important layer of information for reference in this study. Cameras were checked twice
every month to changethe batteries and retrieve the data collected. Species were
identified following Reid (2009). All photographs were sorted by farm and the data
entered into a database and prepared for analysis.

Remote sensing analysis

A Landsat 8 OLI image of southern Belizaken on November 19, 2016 was used to

assess vegetation cover within the study area. Spatial resolution for the imagery was 30m

on Path 19 Row 49. YaHaxchéH#s -inkhpketatoriadnd cer C:
classification. For more information on Landsat 8 OLI imagery visit
https://lta.cr.usgs.gov/L8

Data analysis
Diversity profiles were produced allowing a combination of relative abundances,

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

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

species calculated through the two main diversity indicesSpeci es ri chness [ R
indexH] and Si mp<Jp.AldiMessityiamagkie was €onducted using PAST 3.14.

Farm visits were subject to human resource availability and weather conditions and as
such sampling effort varied from farm to farm. To account for differences in sampling
effort and to make viable comparisons among fas, sample rarefaction curves were
produced. Comparisons were made at the mimum number months (sample period)
surveyed for mammals. Rarefaction calculations provide the expected number of species
out of a random number of visits and plots the average nhar of species as a function of
the number of visits/sample period. Plotting the curves allows another graphic
representation of richness with species accumulation over time/effort allowing for
modifications in effort for future surveys.

16


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

Tree monitoring

Study area

I n 2013, Ya#raxché began a mo Dalbergiastevegsopir ogr am
trees in Golden Stream Corridor PreservegsSCP is primarily comprised of the preferred

habitat of D. stevensoni,br oken ri dgefi f or ellsviumandisilikelper c o a

one of the last strongholds of the species Belize. The monitored individuals were
taggedat 4 different sites in GSCP: Hope Creek, Behind Greenhouse, Opposite Field
Station, and Downstream (HC, BGH, OFS, and DS, respectively).s€rstes are mapped
in Figure 4.

Data collection

In May 2013, initial sizemeasurements of the trees were takerOcular height in meters
was recorded for each tree. The same researcher estimated ocular height within each site
(though not necessarily betwen sites) to minimize discrepancies in measurements.
Diameter at breast height (DBH) of the main stem for each tree was measured at 1.3m
with diameter tape. The trees were classified into size classes of the following groups: 5
10cm DBH, 11-20cm DBH, 21-30cm DBH, 3%:40cm DBH and 4350cm DBH.In June of
thisyear, YahHaxché c on-maasuteraedt ofthéite anfl DBHftthe trezsn
order to assess their growth rates.

As the established sites are | ocatedsal ong
rangers have carried outmonthly phenological monitoring (i.e. timing of flowering and

fruiting periods) of these treessince October 2013. Trees were visitecat least once

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

the other three sites. When a tree was determined to be dead, a suitable nearby
replacement tree was identified andizemeasurements taken
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Figure 4.Location of 100D. stevensoniiees used in analysis (Golden Stream Corridor Preserve,
Toledo District, Belize)

Data analysis

Growth rates were calculatedoverall andfor each diameter size class oD. stevensonii
Comparisons of the proportion of observed flowering and fruiting individualsetween
size classe®f D. stevensonivere made. Patters inthe length and frequency of annual
flowering and fruiting events during the monitoring period were described.

In combination with growth rate data, information on tee phenology contributes
valuable information on longterm reproductive patterns and wpulation processes that
are still undeterminedfor this hardwood species.

Weather

Beli zerAs weather is characterized by a rainf
to south (Figure 5). The countrywide coverage is extrapolated from several weathe

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

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

rainfall gradients are expected along the central mountain range. Howevée southern

Belize, inland and higher elevation regions in the Maya Mountain massif are also
underrepresented with weather data collection sites; therefore, gradients in these

regions are not well defined.
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