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1. Introduction

This report provides an overview of the results of the Ope@tiesedfatlaprogramme in Cusuco
National Park to date. Here we present a summary of the survey effort completed during the 2016 a
field seasons and provide a complete report of the data collected and analysed from these seaso
present waysward for our research in the coming summer of 2018.

Each year, the Operation Wallacea research teams survey Cusuco National Faakt@@NP) in North
Honduras, where a select group of taxa are monitored in a standardised way to evalyate ecosyster
and change. Complementary observations on selected other taxa are collected, striving towards
complete overview of biodiversity in CNP. Additional research projects are completed to bette
understanding of the cloud forest ecosystemscalug)yitsGioud forests are hydrologically and
biologically unique ecosystems with high diversity and endemism. CNP has been identified as one
E‘2fY u %'e "I] €22bet80b8F1b *2'%b0O%bY 82b8u n‘2 O‘sub2E8Y%
Saout,@13). Despite this wavide importance, large parts of cloud forest biodiversity remain unstudied
and unknown and cloud forests are one of the most threatened habitats in Central America. In Honc
mountain habitats above 1800m have beemtegtdty gince 1987, based on a decree that was issued
to protect the source of drinking water in Honduras. The established National Parks in Honduras, h
often lack effective protection, and this is, unfortunately, true for Cusuco National Park.

Afer a reconnaissance expedition in 2004, Operation Wallacea established an annual research pr
CNP that centres around a monitoring program of selected cloud forest taxa. Monitoring data is ca
on sampling points along transects equallpderideven camps. Sites are selected to cover as broad
a range of habitats in CNP as possible, but with focus on the mid to high elevation forests. Monitor:
include dung beetles (Scarabeinae), jewel scar@aifipestias ), Sphingidae andi®&lae moths,
8Se}EFE8euV 2be%€tbuV FE€2YuV £82ub S8SS8tpu E€%} ueb0O€8%F
and plants. Additional projects include bromeliad associated aquatic invertebrates, dragonflies, spide
their allies, crabs anglege communities among others. In addition to the monitoring, specialisec
research studies are completed to generate data facilitating the management of the Park. These ir
wide range of projects, such as the development of an aquatiabicdic bedesdd in the Merendon
mountain range to monitor water quality. Another project is focussed on the incidence and po:s
methods of transmission of the Chytrid®atrgqa®ochytrium dendropbetiigeen amphibians.

The monitoring data, @10, have been combined with information gathered from buffer zone
communities, collected during the2P0@ield seasons, and remote sensing data to produce a Natural
Forest Standard (NFS) report for Cusuco National Park. NFS is a vtandtn ttathoregrates

social, biodiversity and carbon values for REDD natural forest projects. This report will document tf
of CNP in terms of carbon tonnage and biodiversity, but will also outline plans and associated budg
forest patrols protect the remaining forest and biodiversity as well as a sustainable development pre
with buffer zone communities, aimed at combating poverty and reducing community reliance on
resources.

2. Camps and transects

Eight camps are/have beenh Be ApAO‘' 8% €‘+8% (821V LE' €« %}b ®FAnnb?
Tomas) and six within the core area of CNP (Base Camp, Guanales, Cantiles, El Danto, El Corteci



Capuca). At each of the camps three to four transects have bdesamptaliapositioned along

these routifurel). The steep terrain posed limitations on the sample site locations, so sites wel
installed wherever possible as long as they were a minimum of 2@Gmssasstaidhaumbered

(2-4) and on each of the routes the sites are numbered sequentially starting from the camp. Thus B,
the third site along transect 3 at Buenos Aneg.ndpseof each camp and associated transects and
survey sites are mrediin appendix 1. In both the 2016 and 2017 seasons, Capuca was not open anc

is not included[Biyurd]

Figurd Map of Cusuco National Park Buffer Zone (outer green ateakgiith€ovéhitw area), showing
Operation Wallacea camps (red circles) and transect network (lines)

3. Climate and habitat assessment

3.1 Climate data

Every camp has a rain gauge and a HOBO temperature and humidity data logger deployed during tt
that the camp is being operated. The precipitation in the rain gauge is measured every 12 hours (¢
7.00AM and once at 7.00PM). The data logger records values every 30 minutes.

3.2 General habitat assessment

Environmental data are collected aablishesl Sample Sites (SS) and at Habitat Plots (HP) along
transects to characterise the habitats. Measured variables characterise the soil (leaf litter depth, soill
width and soil density), epiphyte density, number of saplings and teasiggietdtierplbts. The
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vegetation is categorised as none (open), broadleaved, pine, palm, bamboo, fern, dwarf pine ar
diameters are recorded. Canopy cover and epiphyte density is recorded. More information can be f
the habitat and envirotahdata collection protocol.

3.3 REDD+ carbon assessment

As part of the general habitat assessment a stratified sample of at least 120 habitat plots are sL
throughout CNP. Habitat plots are located along the transects. Each habitatplotasea0m x 20
Within each plot, every standing tree (alive or dead), fallen trees and cut stumps over 15ci
circumference are measitred.diameter at breast height (DBH) is measured over bark at 1.3m aboy
the ground. Tree height is calculated usioigeted and a measuring tape to calculate the distance
from the base of the tree and the angle from this point totfeltcesstogption of the measurements
taken can be found in the Habitat Survey Protocol. For each tree measudatj theecepespsn

is identified and the state of the tree (alive or dead) recorded. If tree species cannot be determine
trees are identified to the most accurate level of classification possible (genera or family).

For each tree (live and dedghtugnd fallen) in each habitat plot, the DBH and height values are use
to calculate tree volume. By referencing published wood density tables, it is possible to determir
density of each tree species recorded. Using these data, it is pdasghbatbaabiomass for each

tree and thus for each habitat plot. Once the carbon biomass for the 120 different habitat plots ha
determined an estimation of total carbon biomass of the study area can be calculated based on th
carbon biomasaue for a given forest type and the proportion of these forest type present in the st
area.

4. Biodiversity monitoring

The main purpose of the monitoring program is to collect standardised data on focal taxa to doc
changes in the ecosystemimeetSurveys follow a standardised protocol and data collected during the
field season is entered in the CNP Microsoft Access database before the end of the season. A brief «
of survey methodologies is presented here. Please consult indpidicaiodsifee details on the
recorded variables.

4.1 Amphibians and reptiles

Amphibian and reptile data are collected on transect surveys during the day, opportunistic night wa
with opportunistic pitfall traps. Specimens are only colkatieatifiiation is inconclusive and a
voucher specimen is needed.

4.1.1 Distance sampling on transects

Each of the sample routes at all camps are searched for amphibians and reptiles during daylight
generally starting betweer9800® AM. Forta ‘FUb2EDbY 8+€S8%tpu~ %}lb YEu%8+.0b
recorded as well as the perpendicular distance to the centre of the transect. Snakes are prefer

identified from a distance, although trained herpetologists wiVeaptumis@pediaker careful
visual identification) in order to collect additional morphometric data Venomous snakes are only proc
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by the dedicated venomous snake handling team (specialist staff trained in the safe handling praci
venomous snake speciesgyvkoveoral snakes of the déongysare never handled by the team for

any reason other than to be safely removed from camp or off of trails in close proximity to pe
Remaining amphibians and reptiles will be captured, whenever passilaits, tm cgle weight,
snowvent length (SVL) and to photograph the specimen for later confirmation of the identifica
Photographs will be taken of the back, side-apdtlosad. The survey effort is quantified in time
(marking start and end for each survey), the number of participants and distance (length of the trans
surveyed).

4.1.2 Night surveys

Additional observations will be added to the day transects by opportunistic surveys both during the
well as during the night. idddlttime will be used to search complementary optimal habitats not covere
in the sample route surveys (e.g. rivers, forest edge) at night when amphibians are most active. Th
information will be recorded for each specimen as in the daytad seavely time for each survey
session will be recorded as well as the number of participants.

4.1.3 Pitfall trapping

In addition to transect and opportunistic visual encounter surveys, an opportunistic pitfall trap w
installed near each camgrewér possible, and checked daily each morningweek thiendy

period. This method produces records for fossorial species not recorded fronmsotnercasesys.

live traps will be used instead, which replace the killing fluid euphdl/Sadf & funnel is placed at

the top of the trap. These may be used instead of standard traps when the minimum sampling he
reached, to reduce the impact of sampling, or in other small studies located in and around camps.

4.1.4 Population dgnsurveys

For a select group of spefikesttohyla exquisRlectrohyla dasypus, and Duellmanohyya soralia
relative abundance is estimated based crecapture data. A selected river/stream track (of about
200m) in each camp will be survegetbtir times at night during the season to estimate population
densities. All animals encountered will be caught and photographed (backysiofehaad ckise

that individuals may be recognised from their unique patterns and markiagsdatamcollected

during these surveys, we hope that a population estimate for that area may be calculated in the futi
survey effort is quantified in time (marking start and end time for each survey) and the numb
participants.

4.2 Birds

Bid communities will be monitored using a combination of point counts and banding of birds
fixed/constant effort mist netting stations. The combination of these two techniques provides a
complete overview of the bird communities present in GINFg tiyecpapulation/demographic
fluctuations with community structure across altitudinalsendritidnts. Mist netting has an
element of inherent bias, by only providing a sample of the species present in the understory (e.g.
not sample agwy and mid canopy species adequately) and captures are unlikely to reflect relat
abundance of aomderstory communities. However, the use of mist nets provides important quantita:
information for understory species, including those thai@reus@rsgdom vocal and thus often
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missed in point counts. The use of mist nets also minimises observer bias and produces results tt
easily repeatable. Furthermore, the recent initiation of a constaettiefifopr onestol (as of 2012)
wil provide important data on productivity, survivorship, phenology and longevity of several species

Assessing bird diversity from point counts by recording all species detected requires a high lev
observer skill, considering diversity in thaigaris0+ sp. recorded in CNP). This is why we have
identified a list of bird species that are particularly good indicators of health for the forest ecosy
whether it is from their behavior, diet, social activisyaoudWag).

Tabld Proposed bird indicator species for CNP

Common name

Scientific name

Common Bu3lanager

Chlorospingus ophthalmicus

Slatecoloed Solitaire

Myadestes unicolor

Greybreasted Wobdren Henicohina leucophrys
Blackheaded Nightingale Thrush Catharus mexicanus
Slatethroated Redstart Myioborus miniatus
Yellowish Flycatcher Empidonax flavescens
Chestnutapped BrushFinch Arremon brunneinucha
Spectacled Foliagjeaner Anabacerthiariegatéps

Spotted Woodcreeper

Xiphorhynchus erythropygius

Highland Guan

Penelopina nigra

Emerald Toucanet

Aulacorhynchus prasinus

Collared Trogon

Trogon collaris

Keelbilled Toucan

Ramphastos sulphuratos

Browrcapped Vireo Vireo leucophrys
Whitewinged Dve Zenaida aslatica
Resplendent Quetzal Pharomachrus mocinno
Ochrébellied Flycatcher Mionectes oleagineus
Olivaceous Woodcreeper Sittasomugiseicapillus
Flamecoloured Tanager Piranga bidentata

Whitebreasted Wobdren

Henicorhina leucosticta

Grep-throated Mount&em

Lampornis viridipallens

Whitefaced Quail Dove Geotrygon albifacies
Nightingale Wren Microcerculus philomela
Whiteghroated Thrush Turdus assimilis
Bluecrowned Motmot Momotus momota

Black Thrush Turdus infuscatus
Whitecrowne Parrot Pionus senilis

Goldertrowned Warbler

Basileuterus culicivorus

Azurénooded Jay

Cyanolyca cucullata

Bluecrowned Chlorophonia

Chlorophonia occipitalis




Variation between observers can be substantial in this type of survey, depeiedest anmbn exp
ability. The initial week at Basecamp will be spent training members of the bird team, where protoc
bird banding/mist netting and ageing/sexing neotropical bird species in the hand will be discusse
practised. Subsequently, thewidabe split into three pairs of bird banders and single bird team
members that will conduct point counts only. Bird team members will rotate between teams so mu
proficient in each methodology (although individual strengths will also beallitiasedal OS5

fixed banding sites are present at 5 camps, which may be expanded upon in the upcoming 2017 s
Banding teams will work simultaneously in two camps,-ns@tgriemst 2ets per cataph station

must receive at least 6 Yimtsding days) per season. Banding is not conducted on successive days t
2hpS‘Eb ‘Fub2EDb2 bnnbO%pu ‘n ®<b% p}Eebup ¢ ,}€p 8F+'Ep 2bi
experiencing less stress as a result (particularly regularly capturedidueksjirgaicidibanding

day, ten nets will be operated for 6 hours after opening time (dawn). This will make a total of 36 hou
net hours per week).

4.2.1 Point counts

A minimum of threemidute point counts must be completed at each of plegnsimeyeach

transect at all camps throughout the season. Point counts must be completed between 05:30at
09:00am. In the event of heavy rains or strong winds that impede the accuracy of the survey, activi
be cancelled. On all surveys,dtieemeonditions at the time of the point count are recorded. On arrival,
a settle period of one minute is allowed prior to commencement of the survey. The count is subdivi
2- 5 minute intervals where all species detected are recorded.droofttieedroatit (10mins), for

each contact observed, the following details are recorded: species, audibly or visually dete
approximate distance from the observer (to the nearest meter) and any behavioural observations col
important. To futfilé objectives of the protocol and monitor the population trends of the avifauna wit
variety of different team members, several indicator species have been identified that are potentis
forest indicators specifically for CNP. These specis $eleetée based on their representation
across avian guilds, depth of robust historic data and their ability to be readily and distinctively dete:
the field visibly and audibly.

4.2.2 Bird banding

Bird banding will be performed at permanenstadiotis in each camp. Nets will be checked at least
once every 40 minutes, dependent on climatic conditions. Captured birds will be extracted and pla
individual cotton bags while waiting to be processed. Birds will be bandechwmithetsiquely
aluminium rings (size according to species). Important morphometric, condition and breeding statu
will be taken:

- Maximum wing chord

- Maximum Metatarsal length

- Talil length

- Mass and Fat Scores

- Breeding Status

- Age and Sex



Accurate ageing of specit#®ifNeotropics is still challenging and largely understudied. As a result,
banders will take some time in attempting to age0. each individual usikgBthéocycl&alb €+u ® 3 * (.
terminology. Standardised sets of photographs for all capturkdrbfcsiate thecking purposes

and future reference. Birds will be released close to the net site but far enough away to avoid their im
recapture. Abundance and community composition will be compared between habitats and us
supplement datalected during pecatunts. Bird welfare must always take priority. Occasionally, not
all data can be collected on captured individuals. In such instances, important data (e.g. wing leng
mass) will be prioritised. This is particularly théeasaifmbirds, considering their high metabolic
rates and relative fraghitlyinformation will be noted on the provided bird banding data sheets.
Furthermore, separate data will be collectedfort hetirs and opportunistic observations of non
captired species during banding hours. After a banding session, nets are furled or taken down. Ne
setup on days prior to a banding cycle at a given camp and left furled overnight, easing early mornir
up times. Data will be checked after easHaassimr mistakes and entered as promptly as possible

in the Base Camp system.

4.2.3 Avian physiology

PDusbO%pu ‘n %}b «}JEp€ ' 1'u€08t ¥wd&rb Pgiated spaciels Gflhge edrh &b St
at different elevatimme under examimagoarticularly focussing on Nightihgedkees (Catharus sp.).

i) Avian metabolic rateés.measure avian metabolic ratefloapsrspirometry will be
employed by using metabolic chambers. The chamber itself is simply a sealed contai
whereby an @g€uS €U ®2° ' p¥%bY E€%} %}b €ceAls 8eY ‘AYe Al
consumption (converted to energy consumption in kilojoules). Two measures of avi
metabolism are planned. Firstly, basal (resting) metabolic rates will be measured in natu
regding birdsthis method requires the retention of birds overnight as they must be operatir
in a complete resting state (roosting). Secondigetiteahmnes (the upper and lower
temperature limits at which basal metabolism increases) will bg expasimedtally
manipulating the temperature within the chamber withia EOratGe. Birds will be
captured by targeted-nagiing in the late afternoon, then roosted overnight in the chambers,
before being released at the catching lwedditmwting morning. Birds showing signs of
breeding condition or-texstling (brood patches or bill swipes) will not be measured, and
released on capture. Birds in chambers are routinely checked throughout the procedur
ensure the pumps are workirgctty. Metabolic rates will be measurédspecks,
depending on time. Samples for this method are typically low (c10 per species) owing to
intraspecific variation in metabolic rates. This method is invasive, but is not harmful to b
and is sed extensively by physiological ecologists. On a smaller portion of birds, a pilot stu
will be undertaken on the physiological costs of singing. These experiments will be undert
in a very short period <30mins and involve playing conspeciiidyptdglackambers
so that the energetic costs of song bouts can be measured. This pilot study will be undert
‘e FE2Yu Fbn‘2b %}bE 82b ®2''u%bY n‘'2 %}b bEbe€eud¢

i) Blood physiologiAaematocrit (% of -bbémbd cells per unit blood volume) and
Corticsterone (a hormone widely measured for physiological stress) will be measured in
least 4 species in relation to their elevational range limits. Birds will again be captured
targeted misktting at a variety of elevations and blood sampleshekaarfiem in
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the wing. Three to four measures of 40ul will be taken and then birds released at the si
capture. Blood will be stored in ethanol in Eppendorf tubes and require exporting ou
country, although some of the measures and plagigsis o site.

All methods pertaining to avian physiology have also been granted ethical permissions by Royal He
University of London research welfare committee.

4.3 Bats

Bat communities are surveyed with mist netting at fixed nettirig sttlorsuts, and four in
basecamp). Following an initial training week at Base Camp, mist net surveys will run 6 nights pe
and will take place at up to four different camps simultaneously. At each camp, narrow (< 1 m wide)
are cleared intaible patches of forest to place five 6m long mist nets, each 2.5 meters high, providin
total netting area of Z3iwo permanent mist netting sites will be used per camp, each one as close
the main survey site as possible. Each mist nettingjllbeati@nked and the GPS location recorded.
Mist netting will be conducted between 6:00pm and 12am giving rise to a netting effort per site per
of 450r(6 hours x 78mTherefore, the total netting effort for each camp in any giveB&veek will be
hours or 2,708m

The nets will be checked every 15 to 20 minutes during the first 3 hours of sampling and every 30 n
for the last three. All the bats will be extracted from the nets following standardized protocols to mi
the stress andl\w# kept in a capture bags for 30mins, maximum. This time will vary depending on 1
size of the bat and the sex; pregnant females will be measured and released. Bats will be weighed
and the length of the forearm, feet and leg will be measiuaésh eéetaking fungal samples from
individuals with fungal infections with plans to export these tissue samples for genetic analyses
ectoparasites will also be sampled but analysed within Cusuco National Park along with any availabl
samges during the minsdtting survey that are observed.

An additional study was included for the 2017 season only, whidrdoouzéwrmdreribigs

is a common and widespread American specestioffhat from the Phyllostomidae fghiily, h
abundant within Cusuco National Park and an ideal model to implement novel genetic analysis on t
of Cusuco. We collected 25 tissue samples from 25 caught individuals (1 sample per 1 individual cz
via a winguncture protocol establisiethd American Museum of Natural History which has no
detrimental effect upon the bat. It involved a 3mm sterilised biopsy punch on the wing membrane.
from any large blood vessels, and extracted a small piece of tissue stored in alcatiohpreserving sol

4.4 Large Mammals
4.4.1 Transect surveys

Large mammals are surveyed in the park along line transects using presence and absence methc
Sample routes up to 3 km in length are surveyed over the season in accordance with the guid
establised by MacKenzie (2005). Large mammal occupancy is recorded through detection of dung, ti
visualization, vocalizations, and characteristipisfeGe&n €0 p€uep¢ +A2EbEpu n‘OAp °
evidence of the presence of any large mammalscaitdad. Digital images and GPS locations of

tracks, spoor, and scat are recorded. Survey teams will walk each transect as soon as each camp «
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ensure they are the first team to encounter fresh tiseksorMultupecies analysis of large
mammal detections will aid our understanding of the impacts of hunting and human encroachment,
a key component in conservation and management in the park. Any hunting platforms encountered
or encounters with groups of locals trekkihgheréargst should be noted as relative indicators of
hunting pressure between years.

4.4.2 Camera traps

Camera traps (Bushnell Trophy CAM HD) will be placed along the transects associated with eack
camps. Cameras will be put out at the Istaseaton and left setrupiufor two weeks before

collection. Cameras are placed in triplets; one <20m, one ~150m and one ~300m perpendicular to
transect to examine variation in detectability as a function of human disturbance. Lawge mammal de
rates will be compared between on and off transects and between the core and buffer zones of the

4.5 Dung beetles (Scarabaeinae)

Dung beetles are surveyed with the use of pitfalls traps set out on all transects during the season,
for a mmimum survey effort of three weeks for each transect. Over the years OPWALL has accun
probably one of the largest datasets of dung beetles with species level identifications in Central Ar
particularly valuable considering the elevatiarnat@ratd.

Four dung baited pitfall traps will be installed at every site in a 2x2 grid, separated by 5m from the
and 10m from each other. Traps are buried in the ground so that the lip is flush with the soil surfac
cups that make up theaea$5 inches in diameter, and two cups should be placed one inside the othel
to form a single trap, to make emptying traps easier. Cups should be % filled with killing fluid mi.
(either saturated salt solution or propylene glycol mixed evidbteagengnA plate should be placed

over the trap opening, supported by twigs, to protect from rain. Bait should be suspended slightly
the trap, with no part of the bait touching the side of the cup. Bait should be formed from ca 25g o
horg or mule dung, wrapped in muslin or similar fabric and tied to form a ball. Excess string from
can be used to hang the bait. Especially fresh dung should be squeezed of excessakiagr before bait
Dung should be no more thd6 Bdurs old.aps should be emptied by pouring through a fine strainer
into another cup. Killing fluid may need to be returned to the trap and further pourings carried out to
all the contents of the trap are collected. Some scarabs are <5mm in lengtt,sotalen sho

ensure everything is colletborn specimens can be collected using a fine brush or with a gentle
stream of water. The strainer should then be carefully emptied into a suitaPlgKdizeilddiNvigr|

fluid should generaiyrbused, although if it has been excessively diluted by rain water or contaminat
by rotting individuals, it should be discarded and replaced with fresh. Dung baited pitfall traps shot
left for at least three days before collectieba@timdyréch site should have a minimum of three
collections over the season.

4.6 Jewetarab beetleS/rysingpp. and relatives) and moths (Sphingidae, Saturnidae,
Noctuidae and Notodontidae)

Jewel scarabs and selected groups of moths are surveyegswith édhted location at each camp.
Light traps consist of two 2m squared sheets and a mercury vapour bulb (125W) powered by the
generator. One sheet is placed flat on the ground with approx. 10cm of the edges rolled inwards. Tt
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sheet shoultk suspended about 1.5m from the ground, either from a tree branch or from a rope
between two trees or sticks. The second sheet should form the vertical section of an L shape with tt
on the ground, although slightly curved or diagorel thbfose angle between the sheets. The light
bulb should be suspended aro8@E&0in front of the vertical sheet, at a height of about 1 metre. The
light trap should be run for about 2 hours in a single trapping session, from 7.00pm ap®.00pm. Light
should be run at least 4 times a week at each camp more if time and weather allows. In Buenos Aire
a car battery and a 40W florescent tube should replace the generator and 125W MV bulb. Light co
should be undertaken as far from thegandrcentre of camp as the available wiring allows.

Jewel scarabs attracted to the sheets should be captured and placed in a container alive. During the
or at the end, jewel scarabs should be identified as far as is possible acoadBdgiadbbgok

and checked for marksuAmarked specimfarswvhich a definitive identification cannot be achieved
should be placed in a suitably labelleBakialf filled with ethanol to kill the specimens. At the end
of the trapping sessigoess ethanol should be removed for later use aridakdagitbsed and

stored as above. Moths of the families Saturnidae and Sphingidae should be collected by hand or n
the sheet. Each specimen should be killed by injection of ettwaadlirthehabelled envelope.
Envelopes should be stored in a waterproof box and returned to the Base Camp fridge as soon as |
Any other beetles of interest should also be collected in 75% ethanol, longhorns and click beetle:
relevant envins@ntal conditions should be recorded in the logbook.

5. Additional biodiversity surveys in Cusuco National Park

5.1 Small mammals

Sherman small mammal traps will be used tbhessrmalf mammal communities irRENEve
abundance of species shtoaaajs recorded. Transects of papsdset at 5m intervals for 20 metres
(i.e. 10 trapsye usedPeanut butter/oat mix is used for bait. In each camp one tranigetttas placed
forestand one along tieer.Transects are run for four mgaésh camphe objectivis to get
standardised abundance data per year to look at temporal trends.

5.2 Dragonflies (Odonata)

Dragonflies and (day) butterflies are collected whenever encountered on the transects and along tf
with a hand net.Sa®ordinates for every animal are collected. Every year species are added to the
and work has been put in progress to create a field guide of the Odonata from CNP and a checl
butterflies with distribution maps from Cusuco National Park.

5.3Longhorns (Cerambycidae) and click beetles (Elateridae)

Opportunistically and on light traps longhorns and click beetles are collected in CNP. Animals are co
by sweeping or light trapping and preserved in 70% and some in 98% ethantied#da are colle
compose preliminary distribution maps of the species and notes are taken about host plants.
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6. Specialist Studies

6.1 Aquatic invertebrates in bromeliads

Since 2006 the aquatic invertebrate communities in bromeliads have been stuatieggat IENP. This
part of the biodiversity survey. Additionally, the bromeliad system provides a unique study syst:
research fundamental ecologic and evolutionary topics. The small and well delineated communiti
easy to sample and have many repheatgsoog environmental and altitudinal gradients. Current
research focuses on the identification and disentangling of community structthengotaasdrs and
habitat selection and dispersal fredueaag achieved by a combination of cebeatileg from
bromeliads in the field and experimempal\wéh plastic cups attached to trees functioning as artificial
phytotelmata. Collection of samples in the field includes the recording of a wide range of environr
factorsTogether with gvbromeliad sampled a considerable amount of information is collected. Befor
the bromeliad is collected, the height of bromeliad attachment on the tree, size of the plant, water col
capacity, light intensity, exposure to direct rainfallgaoohthécheess of bromeliads is recorded.

Subsequently bromeliads are collectedliterab2@ket with lid to prevent escape of organisms and
transported to camp to dismantle. Back in the camp, core diameter, actual water content and ma
water atdent, number of leaves, weight of the washed leaves and weight of the detritus in the bron
are recorded. The plant is consequently taken apart leaf by leaf and rinsed in 64 micrometer filtere
water. All organisms are picked out aliveearetipred0% ethanol. Hypotheses based on observations
from the sampling of bromeliads are tested with the experimental setups. As the communities are
documented, the research slowly shifts more and more towards an experimental side.

7.2 Status Ghytrid fungus and Ranavirus in CNP

Amphibian chytrid fundgetr@chochytrium dendropasicis emerging infectious disease which is
causing catastrophic amphibian population declines throughout Mesoamerica, and is a serious th
the amphibiansGMP (Kolby et al. 201®@).date, 12 amphibian species have now been found infected
withB. dendrobatidis€ 2} €+ %}€P OF'AY n‘2bp% n28uSbe%V %}2b8%be€eL
Furthermore, eight of these infected species are listenldeaitiggmrad or critically endangered by the
IUCN Red List of Threatened Species. The chytrid research project is focussed on two main
investigating the extent of chytrid infections in CNP and factors that affect infection rates (e.g. cormr
infetion rates across species, across different site elevations, or across different morphological sta
amphibian), and possible dispersal mechanisms.

In 2014 we performed the first survey to determine whether Ranavirus is affecting the amphibians
and was found to be present in the park. Amphibian ranavifuges/Eave also been
responsible for significant amphibiaffisdieoridwide (Gray et al. 2009) since first recognized in the
“Z11Tu¢ *8<8E€28%F €e+nb O %iftagpdles@ridresentlizmetimdpiostdjlveniles, but
may also infect adults. Clinical signs range from dermal erythema to sudden death without sympton
pathogen is highly persistent in the environment when independent of a host andti@nsmission pc
appears to be high (Pessier, 2002). Ranaviruses are known to jump hosts and classes, and can
between amphibians, fish, and reptiles. Although a low number of samples were found positive, we
collect additional samples to substaatats#dnce of ranavirus in CNP.
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All species amphibians will be swabbed whenever encountered along sample routes, rivers and stre
at each of the field camps to provide a good cross section of species, habitat and elevations. F
detection &.dendrobatiabdection, amphibians will be swabbed usstigah@notocols established

by Hyatt et al. (2007). For adult amphibians and salamanders, the ventral surfaces of the legs, fe
drink patch will each be swabbed five times, applgtedrobaier Metamorphs will not be swabbed.
Swab buds will be broken off and stored in 2 mL microcentrifuge tubes containing 1 mL of 70% ethe
a preservative. Samples will later be analyzed by molecular analysis (PCR) to deté&tt the presenc
derdrobatid®NA and to determine the infection status of each amphibian sampled. Swabs will
collected across a range of different species and habitats.

For the detection of ranavirus, amphibians will be samplednysislya technique of swglthe

oral cavity (tadpoles) and cloaca (adult amphibians) as described in Grey et al. (2012). Swab buds
broken off in 2ml cryovial tubes and stored for subsequent PCR analysis. A fresh pair of Nitrile gloy
be worn each time an ampistsampled for eitberdendrobatidisranavirus, to prevent any risk of

cross infection. Any amphibian found dead will be preserved for subsequent histological examina
investigate the cause of death.

7.3 Trophic ecology and population gefreetadees of Cusuco National Park

Snakes will be searched for during diurnal and nocturnal Visual Encounter Surveys (VES) by expe
herpetologists with experience of haneliagamaus and venomous snakes. All snakes encountered
will be captureddasecured using appropriate techniques (snake hooks/tongs and clear plastic hand
tubes will always be used for venomous species). Snakes will be measured (SVL and tail), weighec
and photographed. Up to three ventral scale clips willnzpdalanafssharp scissors and stored in
ethanol in a 1.5ml plastic Eppendorf tube. Scales will be retained as tissue samples for genetic anc
isotope analysis. Tissues samples for genetic analysis will be stored at Cornwall College Newquay
futwe population genetic and phylogenetic analysis. This analysis will give further insight into the ge
distinctiveness of snakes (espétiatlgrcfiin Cusuco National Park as well as population structure
within the park itself. Tissue saor@esble isotope analysis will be AT Cornwall College Newquay for
planned stable isotope research (once sufficient tissue samples have been obtained) to provide ir
into the diet of snakes in Cusuco NP and specifically if/how different gpetitsningyfoed

resources or, conversely, be competing for the same resources.

7.4 Spatial ecology of the Honduran Emerald Baltinriigleis marchi and Wilgon
Viper (Cerrophidion wilsoni)

This year we aim to launch a pilot study intd thdiete¢emetry methods to study the spatial ecology

of Bothriechis marahdCerrophidion wils&mdio transmitters will be attached externally to the skin of
adult snakes using methods in line with Nash and Griffiths (2016). This medthiod sviltdleligst

in an arborea®.(marchiand terrestrial. (wilsopsnake. Based on the findings of this pilot study a
funding application will be submitted to expand this work in future years to get a much better picture
these snakes aragisheir spatial environment.
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7.5 Freshwater ecology monitoring in Cusuco National Park

Arguably the most important aspect of cloud forests is their unusual hydrological features and r
protecting water resources and quality in headwater girecipigatidet (rain through fall) in cloud
forests is significantly subsidised by fog interception. This in combination with lower solar radiation
generally wet canopy (both of which have a role in reducing evapotranspiration) inclgeses the watet
of the catchment and together with the moderating effect of natural forest on waterways resull
remarkably reliable and clean water r€x@uce is no exception and is the major water source for
several urban areas including San Pedne Brdgection of the water resource was the greatest driving
factor in the designation of Cusuco as a national park. However, the freshwater habitats of the park
threat from deforestation and pollution inputs from agriculture. Littteoms@sanmbiomonitoring

tools exist due to lack of information on the biological communities and their responses to pollutant

This study builds on previous sampling regimes carried out in 2009 and 2010 and experimental
conducted in 2011 and 2@1éxperimentally examining the response of freshwater macroinvertebrate
key indicators of water quality, to commonly occurring local pollutants to refine potential biomonit
tools and to protect water quality and associated biddiverspeyg a streamside mesocosm

approach t calculate response thresholds for the various pollutants including sediment and nutrie
2) identify effects of other pressures such as local fertilisers and acidification 3) test effects of combir
of pressas which are likely tacour such as an increase in temperature and sedimentation with fores

clearance. We conducted instream sampling using a standard kick sampling methodology in or
improve information on the structure and compositguatt tmacroinvertebrate community as well

as employing light trapping to collect adult specimens. Further we attempted to raise nymphal spec
of select groups to adulthood to improve taxonomic information. All specimens will be preserved in e
and returned to University College Dublin for identification and analysis.

8. Full protocols available

More information on the survey methodology can be found in the following documents:
* Bird banding protocBhbiola Rodriguez et\darch 201223 pp.

* Invertebrates team sampling profboohas Creedyarch 20128 pp.

* Habitat survey prote®lice Gareth & Merlijn Jockflagy 20147 pp.

* Habitat and environmental data collection griotmeas Creedypril 20138 pp.
* Amphilan and reptile survey protédek Lakin@014- 7 pp.

(please emaifo@opwaib request the most recent copies of these documents)
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9. Reported results for 2016 and 2017
9.1Amphibians and Chytrid by 2iI®&iiroy and Chris Phipps

Samples were processed as follows:

Step 1j swab processing:

1.

2.

3.

5.

6.

Each FTA card used was numbered in sequene20(sy. 001

Swab data transferred to FTA card (following 2015 sample naming protocol)

Swab introduced to FTA tardeblled to transfer biological material (DNA) to ensure as even
as possible coverage on FTA target

FTA card left to dry

Data from FTA card (i.e. swab data) entered onto spreadsheet, including ahy additional note

Dried FTA cards stored in plastidagueith desiccant pack until use

Step 2j sample processing (according to the WhatmafhtipotticolJrl.com/zy6riisea

1.

2.

3.

2-3 punches (medium punch) for each sample removed from FTA card
Place punches inthl%eppendorf tube labelled with sample reference

Add 200pL of FTA Purification Reagent to tube

Shake/flick the tube to aid mixing and washing

Incubate for 5 minutes at room temperature

Remove and discard all used FTA Purification Reagent (using)vacuum pu
Repeat stepb3wice, for a total of 3 washes with FTA Purification Reagent

Add 200uL of TEBuffer (1L0mM THEI, 0.1mM EDTA, pH 8.0).

! Many swabs were received dry. This may have been due to evaporation of preservation medium (ethanol) following a
leak from the tube, or perhaps no ethanol being present in the tube. Some tube caps were pushdty martia due to

the swab tip having been broken off too long for the cap to remain closed properly. Instructing the herpetologists to snap
the swab after pulling it up slightly within the sample tube should lessen the number of dry samples.
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9. Incubate for 5 minutes at room temperature.
10.Remove and discard all usédBuEer (using vacuum pump)
11.Repeateps 7 once for a total of 2 washes stitBurter.
12.Remove all liquid
13.Dry each sample tube in the heat block for 30 minutes (lid open) to ensure all the liquid has |
removed/evaporated before performing PCR analysis
Step 3 PCR prep: ‘ A
Each dried splm transferred to alpbelled puReTag Rdady A ( * 2AFb O‘+«%L8€«€eu %}D

dried reagents (in bead form) necessary for PCR

Step 4j Master mix (25 x1 ul reactions with primer dilutions of 10 pumol per pl):
1. x1 ul of forward primer-(ITS@O TGA TAT AAT ACA GTG TGC CAL ATG TC

2. E” &% ‘n 2bEb2ubAGECARGABG NTE OGP TGT.CAA A

3. x23 pl kb
Step 5] Hotstart PCR assay (performed using methods adapted from Boyle et al. 2004). Positive
negative controls were used inreacycling conditions were saved on each PCR machine as
CHY2015):

1. Initial denature at 93°C for 10 min

2. Denature at 93°C for 45 sec

3. Annealing at 65°C for 45 sec

4. Extension at 72°C for 1 min

5. Steps -2 cycled x30

6. Final extension of 72°C for 10 min.

7. Holdingtal0°C.

Step 6 Gel preparation:

2 Magnesium cldride (MgQGl) is contained within the dehydrated PCR bead. More Mggti be added according to the
reaction volume; details hergtttp:/tinyurl.com/j5z8may]
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1. 0.6g agarose
2. 50mI TE
3. 7.5ml geted

Step 7] Gel electrophoresis:
1. 5pl buffer added to each sample

no

15ul PCR product per well (leaving 15ul for a second run if necessary)
3. 10ul ladder
4. Gelrun at ca. 160v/75 ma 25 20intes

Results

A total of 493 samples of the four focal species (Deullmanoh@i, sdealivhyla dasyplEs,
P. exquisitd 00, and Ptychohyla hypomyd@gvere processed over the 2016 and 2017 field seasons

(Table).

Table Infection prevalence of four focal species

Species (n) Sample: (n)Samples positi' % Prevalence
Processed

Deullmanohyla sorall 169 34 20

Plectrohyla dasypus| 158 35 22

Plectrohyla exquisita 100 14 14

Ptychohyla hypomyk 66 9 13

One of the biggest issues faced by the DNA lab in the 2017 field season was a persistent low I
contamination. Most likely caused by contaminated pipettes. This was resolved by soaking
contaminated instrumemtdieach solution, and testing them on negative control samples until we coul
be sure the contamination had been cleared. In future field seasons preventative measures should
to avoid these types for contamination, for example using filbsr gnpe#tliquotting reagents
wherever possible.

9.2Herpetofauna Research Repdoy2Dd$teve Green and Tom Brown

1.1Introduction

The last formal update on the Operation Wallacea (Opwall) herpetofauna monitoring programme in
National PgBNP) was in 2012 (Green et al., 2012). At the time, the total number of herpetofauna spe
recorded in CNP stood at 82 and it looked as though species accumulation curves had likely plateal
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to the already extensive monitoring completed bl teen©OpMnzs already extensive herpetofauna
dataset contributed to the ranking of CNP as the 25th most irreplaceable protected area for thre
amphibian conservation (Le Saout et al., 2013). However, recent efforts of the Opwall team have cc
toshine a light on the incredible diversity of CNP, as well as documenting the significant threats facir
small, but highly valuable national park. Sevexa¢yweedrjournal articles have been published by the
herpetofauna team since the prepiouds(e.g. Kolby, Ramirez, Berger, Griffin, et al., 2015; Kolby,
Ramirez, Berger, Richatdt €018V b% 8f¢V Ai"p- “+‘Al8 b% 8¢V Al~t. %
Lope#aredes, 2017), as well as numerous natural history notes dooousgntingmen aspects

of diet and behaviour (e.g. Solis and Brown, 2016; Clause and Brown, 2017). In addition, a compref
field guide to the herpetofauna of CNP has been produced and field tested over the past two field s
with the intentiorpablication and distribution in 2018 (Brown and Arrivillaga, in prep). Here we brief
HASS82€pub %}b S‘u% €Se‘2%8¢% 2ppuAf%py n2'S Y%lb %Lb8S u S'e€
overall status of herpetofauna diversity within the park.

1.2.1 Maitoring effort

A considerable amount of effort has been made to monitor the standardised transect network aci
research camps within théRiguke|shows the total number of transects completezhfiedyelar
provides a detailed breakdown of the number of transect surveys completed within each researcl
per year since 2007. A marked increase in the number of transects completed in th¢ years from Z
2017 is due to an important change in the way nocturnal river/stream surveys were conducted and re

Missing datare due to some research camps not being surveyed in all years. Notably, a n
reseech camp named Capuca was established on the east of the park in the 2015 field season, bi
discontinued the following year due to logistical difficulties and the lack of a nearby permanent s
water source. Official monitoring of Santo Tomaslowekeof the park was discontinued after 2013
due to the significant deforestation that has occurred in this area of the park. Although there is sigl
value in continuing to monitor areas of the park undergoing rapid habitat o) sadlyogdibe

to justify sending paying volunteers to monitor such degraded sites. However, such circumstances |
a prime research opportunity in evaluating the effects of anthropogenic disturbance on the herpet
diversity. Undoubtedly, aymtoject would prove to be of great importance in understanding the impac
deforestation has on biodiversity and abundance within the core zone of the park.
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Figure Total number of herpetofauna transect surveys consoletelatianal Park (JCWI 7). Note that
river surveys were only recorded as opportunistic surveys until standardised river transects were established
thus, explaining the noticeable increases in transect survey effort from 2013 to present

Tdle3 The total number of transects surveyed within each research camp per year. Note that river surve)
only recorded as opportunistic surveys until standardised river transects were established in 2013, thus, ex
thenoticeable increases in transect survey effort from 2013 to present. Missing values are due to research
not being surveyed in that year.

CAMP 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 TOTAL
BASE CAMP 7 3 9 18 24 20 54 55 69 55 48 362
BUENOS AIRES 5 12 7 9 9 37 7 34 16 18 154
CANTILES 16 10 12 27 14 25 27 44 29 31 235
CAPUCA 40 40

EL CORTECITO 7 4 4 5 20 11 24 21 22 23 15 156

EL DANTO 24 12 3 5 15 4 19 29 20 19 20 170
GUANALES 17 4 11 4 38 28 47 33 49 41 42 314
SANTO MAS 19 15 14 3 19 7 23 1 101
GRAND TOTAL 95 60 60 44 143 93 229 173 278 183 174 1532

The variable monitoring effort across camps is a product of the logistical constraints of running a ver
and complex volunteer field progrdeetig, $urvey effort should be approximately-aiwmuityddis

across all sites, yet unfortunately this is not always possible in such a challenging location. When an
the data and interpreting results, this unequal survey effort sheréd baddaisth into account.
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Furthermore, this proves slightly more problematic when survey effort is broken down further to the |
of times each transect route has been completed, with it being apparent that the survey teams hi
managed to comelthe advised four repeats of each transect per research camp in all years. The rea
for this are complex, and often outside the control of the research teams (i.e. poor weather condi
however, some lessons can be learned, and future esikredbdakiladjusted to ensure minimum
transect repeats are achieved in all camps each year. Factors contributing to the failure to compl
required number of transect repeats in El Cortecito and ElI Danto camps include the relatively shor
opemg period (three weeks), alongside conflict with other research teams to access transects befor
become disturbed by other people walking the transeditiongdy Athese camps have suffered
substantial increases in deforestation, halatad psseral digbance throughout the transect
network; which is tragic considering their importance foremoyseesds populations.

1.2.2 Introduction of river transects

Green et al. (2012) identified the need to improve quantifieatieffat sd night river and stream
surveys for amphibians, which had previously been recorded as opportunistic species encounters.
vast majority of amphibian encounters occurred during stream and river surveys, and because this
effort wagoing unreported, the decision was made to establish river transects, consisting of approxin
200 m of stream/river closest to each research camp. Thdasgnseatgiware introduced to the
survey protocol in 2013 and have been an impadatimiadthe monitoring design, resulting in
dramatic increases of streamside amphibian encounters. River transects are conducted in the samg
terrestrial transects, with start and end time and distance travelled being recorded. iBlowever, the in
of these river transects within the standard transect database must be considered when analysing th
transect data, as outlined in sk6tion

1.3 Species Counts and Accumulation Curves

Species counts and accumulation curves were cedbspedresrecords (opportunistic and transect
data) to quantify overall species richness. Only records where full species identification had been cotr
were included (i.e. genus name sp. removed from species record data). Several Spgcimens are a
genetic analysis to confirm taxonomic status.

1.3.1 Amphibians

The number of positively identified amphibian species in CNP has increased from 26 to 28 since tl
herpetofauna re;ﬁﬁﬁiireﬂ, with Bobiglossa mexicana and Ecnomiohyla salvaje being added to the
list.
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Figure Amphibian species accumulation curve for Cusuco National Park, Honduras

1.3.2 Reptiles
The number of positively identified reptile species in Céddthdram 62 to 72 since the last

herpetofauna refd@ityred), with Lampropeltis triangulum hondurensis, Coniophanes imperialis,
Holcosus undulates, Norops yorensis, Geophis fulvoguttatus, Scolewsphite@icaihdus
frenatus, Tantillita lintoni, Amastridium sapperi and Hydromorphus concolor being added to the list.

Figurel Reptile species accumulation curve for Cusuco National Park, Honduras

The rate of new speciesiaters for reptiles suggests that despite over a decade of surveying CNP, ne
species are likely to continue to be discovered. Whether this is a reflection of the highly cryptic nat
some reptile species or the impacts of habitat and climatebotignigeyét to be investigated.
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Consequently, many critical questions concerning the conservation of the parks unique herpett
remain unanswered.

1.4 Species Diversity
A total of 100 species of herpetofauna have been detected in CNIPsalmmsesticigrsf 19 anurans,
45 snakes and 27 lizards.

1.4.1 Salamander diversity

Nine species of salamander are known to occur in CNP, five of which are classified as critically enda
one endangered and one near threatened by the IUCN eatenést Spéties (IUCN, 2017). Two

of these species (C. nasalis & N. brodiegratensic between CNP and another site (Sierra de Caral)
in closely neighboring Guatemala, whilst another two (B. diaphora & O. tomasi) are specifically en

to CNP in HouragRiguré).

1.4.2 Anuran diversity

Nineteen species of anuran are known from CNP, five of which are classified as critically endanger
endangered and four near threatened by the IUCN Readenst@ddvuies (IUCN, 2017). Five

species are endemic to Honduras and, of these, three are efBmiéjo CNP (

Figure5 Total number of recorded encounters of salamandar GNétiasross all years (2007)
(*endemic to Honduras, + endemic to Cusuco National Park).
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Figure Total number of recorded encounters of anuran species in CNP acros8@lh)qZesid2afc (o
Honduras, + endenoadusuco National Park).

1.4.3 Snake diversity

An incredible 45 snake species have been detected in CNP, withBtetgtofind 3€fp‘s u «€%
(Cerrophidion wilsoni) being by far the most commonly recorded species. However, more than half
these gries have been detected fewer than ten times across the entire stu8p&riodti2007

eight species having been detected on just one single occasion. Five species are endemic to Hond

with three of those being endemic [BIGINS).
1.4.4 Lizard diversity

Twenty seven species of lizard are now known from CNP. Three species are endemic to Honduras

those being endemic to [ENBrE).
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Figure’ All snake species records within Cusuco NationatBatk ) 280ial data viaues for number of times each species has been recorded are displayed above e
(*endemic to Honduras, + endemic to Cusuco National Park).
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Figuré& All lizard species records within Cusuco National 2847)20@7al data viaues for number of times each species has been recorded are displayed above eactabar(&aueemraso Hondur
Cusuco NatioRark).
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1.5 Distribution of herpetofauna diversity across CNP

To evaluate the eveness of herpetofauana diversity across all reasearch camps in CNP, species ric
ShannerBb€+b2 YEED2U€EWLE €«YbEV 8¢ Y-B)8Srecaiculat€s tdibdachcaMg Eb 2 p €
using all species records for the entire study period.

1.5.1 Species Richness

Species richness was variable betweelricam® with highest scores being observed in the two
lowest altitude camps, Bueressakid Santo Tomas. Lowest species richness was observed in Capuc
camp, however, this result should be treated with caution as this research camp was only surveye
single field season (2015) within the total survey period.

Figured Species richness calculated for each research camp within Cusuco National Park using all species ri
collected 20401 7. Note that Capuca camp was only surveyd for a single field season in 2015 which lik
contributes to the lower specferess score for this camp.

1.5.2 Biodiversity indices

Because the relative abundance of all species detected within camps is variable, it is also important
this into account when comparing herpetofaunal diversity between eivepseSlanaitpmdex

8eY +€Seu‘e u €Y b-D) twererclcwatpcE fioreadh{tageld ¢ +€Seu‘e pu €.YDbE
diversity showed there to be a fairly even score across all research camps, whienegisel&hannon
displayed the sample pattern as species richness scores, with highest diversity found in Buenos Al
Santo Tomas. Interestingly, despite only having been surveyed for a single field season, Capuca ce
comparable diversity scores ththeetearch camps, suggesting the low species richness score for
this camp is simply due survey time being insufficient to have detected the rare/difficult to detect sy
at this camp.

The results are inkeeping with a pattern of higher speciedowbna#titude and edge habitats,

however, the majority of endemic and threatened species are found within the higher altitude cam
the core zone of the park and this must also be taken into account when taking management decis
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Figurd0ShannorBb €+b? YEEbL2UEBE € YDE 8+ Y -DfSikqulateqgiiof exch FEesearcyi€4imp? 11 € %5
within Cusuco National Park using all species records ce#édtéd 2007

1.6 Change in Diversity over time

Species richneasd ShanndMeiner diversity index scores of each research camp were calculatec
independently for each survey year. Mean species richness and-kVeameSHammsity index

scores were then calculated per year using the scores of all camgsmsyeayethimual mean

values (+/SE) were then plotted and linear regression performed to test for any trend in species rick
and Shanndteiner diversity infégured.d). The results of the linear regression were not
statistically significant for either species richness (DF = 1, F= 3.75 P = 0.085)A&ir8dtannon
diversity index (DF = 1, F = 0.001, P= 0.97), suggesting there has been no etaflag@an herp
diversity during the study period. However, it is acknowledged that this analysis would not nece:s
detect changes in species communities over time and this should be investigated in greater detail.
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Figurd 1Mearspecies richness (mean of species richness scores of all research camsiz péinezar (+/
regression was not statistically significant DF = 1, F= 3.75 P = 0.085. There has been no overall trenc
herpetofauna species richness in Cusuco Matmnas£the study period (2007).

Figurel2 Mean Shannteiner diversity index score (mean of all research camps)-5&r).yéaregt/
regression was not statistically significant DF = 1, F = 0.001, P= 0 bé&éeradhoverall trend in
herpetofauna diversity in Cusuco National Park across the studgQieriod (2007

1.7 Change in Relative Abundance

In assessing detectable change in relative abundance over the study period, only data from the t
databse were analysed, as survey effort cannot be accounted for in the opportunistic data. In this ar
the number of transects completed per camp/per year was used as a basic measure of survey e
reality, this is a somewhat unsatisfactoryeandasuck of survey effort, as it does not take into account
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variable length of different transects, the fact that the entire transect length is not always surveyed ¢
occasion, and variable amount of time spent walking the same trarse@81Pfieidséason

only the start time and not the end time of transects surveys was recorded. This was identifiec
significant problem for quantifying survey effort. In 2015 it was decided that the total distance com
(if terminating the trahssarly and not reaching the finish point) should also be recorded. Thus
improvements have been made to the transect survey protocol, however, these measures of survi
are not available for all survey years. Here we report relative alpigydheceiasbsr of detections

per research camp divided by the number of transect occasions. However, a more robust analysis o
effort should be performed to gain a more detailed picture of changes in relative abundance over tit

It is also extrdmt E €S+21%48e% %}8% Y%}b €+¢%2'YAOXE's ‘n 2€Eb2 %28
acknowledged as a potential source of data analysis error if combined with standard terrestrial transt
If a linear regression is performed on relatavecalionmber of herpetofauna detections divided by
the total number of transect occasions in a given year) and survey year, when all herpetofauna
transect data (terrestrial and river transects) are included, a significant regresSi@Va,agiparent (A
=1, F = 9.44, P = 0.019F{gurd3. However, this is an artefact of amphibian encounter rates being
much higher on river transects than on terrestrial transects, thus, resulting in a pitetved greater |
abundance after 2013 when the river transect surveys were introduced. Therefore, care must be tak
interpreting these two different types of transect data. For this reason, here we analyse terrestrial
data for the entire study g@00&2017) and river transect data-P2AT3 separately.

Figurdl 3 Total number of encounters (all herpetofauna) per year divided by the total number of transect st
completed in that year (terrestrial and rive ¢aanbgwtd). A significant regression between relative encounter
rate and survey year is apparent (ANOVA, DF = 1, F = 9.44, P = 0.015), however, this is only because ¢
relatively higher encounter rate of amphibians on river surveys -Béivean 8oL, therefore, be
interpreted as a true increase in relative herpetofauna abundance over this period.

1.7.1 Change in Relative Abundance

The total number of all herpetofauana encounter records from terrestrial transect surveys was caluc
eachyear and then divided by the number of transect survey occasions completed within that year t
a relative measure of detection (considered here as a measure of relative abundance). A regres
relative detetcion and survey year was nolyssidisificant (DF = 1, F = 1.65, P = 0.234),
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suggesting there has not been an overall significant change in detection rates of herpetofauna on te

transects within the study JEimdd.4.

Figurd 4 Relative abundance (number of detections divided by total transect occasions) of herpetofauna de
on terrestrial transects in Cusuco National Park. Linear regression was not significant (DF =1, F =1.65, P =(
suggesty there has not been any significant trend in relative abundance of herpeofauna detections on ter
transects between 2007 and 2017.

1.7.2 Relative Abundance on River Transects

As for terrestrial transects, the total number of all herpetafdaaamacent®s from river transect
surveys was caluclated for each year and then divided by the number of transect survey occ.
completed within that year to give a relative measure of detection (considered here as a measure of
abundance). Aymession on relative detection and survey year was not statisticaly significant (DF=
F=0.006, P=0.943), suggesting there has not been an overall significant change in detection rate
herpetofauna on river transects between 2013Rigdra®.7 (
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Figurel5 Relative abundance (number of detections divided by total transect occasions) of herpetorfauna de
on river transects in Cusuco National Park. Linear regressionfieeas (IDEsiyn~=0.006, P=0.943)
suggesting there has not been any significant trend in relative abundarnce of herpeofauna detections on river
between 20-2817.

In summary, there does not appear to have been any detectable changelanceslafive abun
herpetofauna on either the terrestrial transect sur2dis7)2@0rver transects (ZWY),

suggesting that, overall, herpetofauna abundance remains relatively stable within CNP. Howew:
analysis does not incorporate the indimmuatign trends of the species which compose these
amphibian and reptile communties, with some species potentially declining while others incre
Determining the population trends of particular herpetofauna (specifically endemics or those list
criically endangered) should be a focus of future analysis.

1.7.3 Differences in relative abundance between research camps

Although no significant trend in relative abundance over time was detected, relative abundance scotr
not consistent across reseamps, with Guanales and Santo Tomas appearing to have the greate
overall abundance of terrestrial transect dtiectiel, (but Cortecito having by far the greatest
relative abundance of herpetoéaertaods for riveansectigurd 7). Cortecito is known for having

high encounter rates of amphibians and snakes along the designated river transect, however, the
abundance score may have alsoflaed slightly by additional, intensive herpetofauna survey work
taking place at this camp where river transects have been walked very slowly by teams of expe
herpetologists. It would be interesting, therefore, to look at this agaightiyt mvire aadust

measure of survey effort to be completely confident in this apparent large difference.
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Figurel 6 Total number of herpetofauna detections per research camp, divided by the total number of terre
transect swey occasions completed at that campqZop7

Figurd 7 Total number of herpetofauna detections per research camp, divided by the total number of river tr
survey occasions completed at that cang9{Z)1Fhe extrdynhigh encounter rate along the Cortecito river
(CORIver) is likely to be, at least in part, attributable to highly experienced herpetologists intensively survey
camp for longer periods during the study period. That being said, teseaarin@itodswere specifically
focused on this stretch of river in light of its exceptionally high amphibian abundance, notably being a hots
critically endangered endemics such as P. dasypus & P. exquisita.

1.8 Evaluation of evidence for sqeedsc trends

It is important to consider that the patterns described thus far have been general patterns for herpe
within CNP and do not give detail on species specific distribution patterns or trends. Whilst it is be
the scope of this réepmiconsider each species in turn, here we provide data on the distribution patter
and temporal trends of four key species of tree frog: Plectrohyla exquisita, Plectrohyla das
Duellmanohyla soralia and Ptychohyla hypomykter. These feurspeseletiad for the purpose

of cemonitoring the prevalence of amphibian chytrid fungus, Batrachochytrium dendrobatidis (Bd)
population trends over time. Recent field results of Bd prevalence are presented elsewhere within th
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and a thorgh analysis of Bd prevalence and amphibian population trends is being completed by
Operation Wallacea herpetofauna team. However, here we present relative abundafioce patterns for:

species on both a spfgiglield and temporigurdd scale within CNP Data presented here are

for encounters on river transect surveys betwaedry 2013

It is clear that El Cortecito and ElI Danto camps are very important fontbktoertaeratiically
endangered and endemictspike frogs, P. exquisita and P. ( Unfortunately, these

camps are currently under severe pressure from illegal deforestation, with annualavisas finding sub:
areas of previously pristine cloud forest to be lost or significantly degraded comparatively. Evident
progressive encroachment of deforestation into the core zone must be halted, as habitat critical for ¢
of herpetofaunal diverditying lost each year. Encouragingly, no clear statistically significant trend wa
found in relative abundance of any of the four species analysed here for the se@@dy period (2013
(Figurd 9. Results of adar regression on relative abundance of each species within CNP as a wh
(total number of encounters divided by river transect occasions for all camps combined per year) w
significant (P. exquisita df = 1, F = 0.349, p = 0.614, P. dasypus €f0-003., p = 0.958, D.

soralia df = 1, F = 0.874, p = 0.448, P. hypomykter df = 1, F = 1.641, p = 0.327). However, these
results are preliminary and a more robust analysis that accurately quantifies and corrects for surve
between years is neags before any firm conclusions can be drawn on the current population trends &
conservation status of these species.

1.9Summary of herpetofauna research team key messages

A vast amount of data has been amassed by the Operation Wallaceadsegbetefamrwver the

past eleven years, contributing to Cusuco National Park being ranked as one of the most valuable p
areas globally for threatened amphibian conservation (Le Saout et al., 2013). Field methods an
collection processesehlagen refined by the team during this time to improve the quality of the dat:
although further efforts are needed to ensure the minimum number of transect replicates are con
each year and that survey effort is always recorded in a consiafintenaorecurately record

survey effort during the early years of data collection reduce our ability to analyse populations trends
the entire study period, but more recent improvements to data collection and recording will allow
more deiled analysis to be completed (although not possible within the scope of this report). Tim
needed to carefully process the data to enable a more accurate measure of survey effort per transe
each research camp per year. Once this has le&sth @ongpe robust analysis can be performed to
reassess the trends described here. Additionally, species specific distribution patterns and trends :
be analysed, especially for all threatened and regionally endemic species.

Each year, the teammnetio Cusuco National Park to find large new areas of illegal deforestation, ev
within the core zone of the national park. This deforestation severely threatens the biodiversity of
and the ability of volurt@sed research programs to edotwperate. The extent of the problem has
become so serious that several survey transects have been either partially or completely defores:
camps such as El Cortecito and El Danto, which were once located deep within the forest, now lie
veryedge of the deforestation frontline. It is essential that more is done to halt this disturbing tren
ultimately, the leAgb2S <b2p€p¥%beOb ‘n ApAO‘ u A*€8Ab 8.Y ui‘'F8:
increasingly jeopardised. Our current datadstthagjglesre have been no significant declines in
herpetofaunal diversity to date, and so we remain hopeful that it is not too late to recover from this si
‘EbEb2V E€%} b28%€‘s 3831180b8 U «2bpbeOb €« éajtthe82t Fb
responsibility to protect this unique habitat and its species, in part, lies in the hands of its local peop
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strongly believe immediate conservation management approaches should be initiated which embr:
opportunity to apply creativgistd, educating and working with local communities to promote
sustainable incomes, livelihoods and appreciation of this incredible natural resource. Whilst we rec:
this is a complex and extensive challenge (and indeed one that shadovfertsgebadlypnite

is one which certainly must be addressed in CNP sooner, rather than later.
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Figurd 8Relative abundance of (a) Plectrohyla exquisita, (b) Plectrohyla dasypus, (c) Duellmanohyla soraliaoanyk(e) wiifohafyda thgpsects at each research
camp In Cusuco National Park. Relative abundance calculated as the total n
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Figurd 9Regression of relative abundance and survey year for (a) Plectrohyla exquisiesybiigléctbhglananohyla soralia and (d) Ptychohyla hypomykter. Relative
abundance calculated as the total number of recorded encounters on river transect surveys (all researcbd anpiedotabimeabeivar river fransect occasions
(20132017). All regressions weraiganficant (P>0.05) suggesting there has been no obvious decline in abundance of these species in Cusev@BlBRonal Park bet
2017, however, it should be noted that a more robust measure of survey éftoappisdieedny such possible trend to be apparent. Note different scale on depend
axis between the four panels.
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9.3Birds by Samuel Jones
1. Point Counts

All standard trande&sed survey sites were surveyed throughout both the 2016 sed 01/ field

at all camps excepting the now largely disbanded Santo Thomas. In addition, the transects in Capur
(only opened for 2015 season) were also surveyed for additional work being undertaken on the ele!
turnover of montane songbirds @seenatiprojects below). As a general rule, specific survey sites on
some transects (e.gz:I35/6) that are largely removed from protocols by other teams remain surveyse
for avifauna due to the minimal extra effort required. Large ornithotagited tedima, aonstant
presence across all camps throughout both the 2016/17 field seasons have lead to an exceptional !
of data collected during point count surveys. In total 12,187 (2@0Da:77 4&B5) independent

records were collectedtbeerourse of both field seasons (over 25% of all PC data collected in 12yrs «
constant monitoring). The data volume was particularly large in the 2016 field season owing to a
volume of transect replication at some research camps for adtitiorka{ggejadditional projects).

In total, a minimum of 135 species were recorded on point count surveysaeeribid (atdeast

100 in 2016 and 98 in 2017). Minimum sampling requirements of three replicates per survey point
completednoall transects each season (including reverse replicates to account for temporal samp
bias) and in most cases considerably exceeded. The quantity of data collected serves as a testame
research teams working on the ground (often woeking tagetys where applicable) over the past

two field seasons. While such an intense survey effort has yielded substantial quantities of data, the i
of sampling is possibly unnecessary and has the potential to cause confounding fi@turbance level
foot traffic on certain transects. In future seasons it may be more profitable to invest time into other
while still satisfying the core monitoring objectives, in order to achieve the megireadi&nlie data
methods per camp. Thesiodwf formal nocturnal playback surveys would be a particularly useful wa
to address a major knowdgalgehat exists in the lack of quantitative understanding of the status an
distribution of nocturnal spedeme of the poorest known avifthapark.

Naturally there are mangeumified detections in the data collected but as many of these as possible
were identified pbosc where team members had consistently coded unidentified records. A large bl
of these records also pertainghoofigh, unidentifiable hummingbird .@elow provides

a simple breakdown of all species malitigafll detections during all surveys over 2016 and 2017.
These form the basis of our indicator species primarily used as proxies for assessing community he
control for year on year staff turnover and the unavoidable observer diffiengndataiorctie

whole avian community. Changes in volume of records in these two years should not be viewed nec
as abundance changes as the summary provided is not controlled for effort at specific elevations,
contributes to the local eamowlof certain species (e.g. highdréasted Wowaden records are

likely down to greater survey effort at higher elevations due to specific projects in 2016).
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Tablel Most frequently recorded species (in descendiog podarrounts in 2016, 2017 and both years
combined. One species, Oropendola Psarocolius wagleri, is left out because the volume of records relate |

incidences of very large flocks, rather

Vernacular Binomial 2016 2017 Both  yeat
(% records) | (% records) | combined

Common Budlanage Chlorospingus | 10.2 % 7.1% 9%
flavopectus

Slatecoloured Solitaij Myadestes unico| 8.4% 9.5% 8.9%

Greybreasted Wag Henicorhina 7.2% 4% 5.9%

Wren leucophrys

Blackheaded Catharus mexiaa| 6% 5.7% 5.9%

Nightingal€hrush

Chestnutapped Arremon 4% 4.2% 4.1%

Bruskrinch brunneinucha

Yellowish Flycatchel Empidonax 4.3 3.2% 3.9%
flavescens

Slatethroated Myioborus miniat 3.8% 3.5% 3.7%

Whitestart

Spectacled Folia¢ Anabacerthia 3.4% 3% 3.3%

gleaner variegateps

Spotted Woodcreep( Xiphorhynchus | 2.9% 2.7% 2.8%
erythropygius

Collared Trogon Trogon collaris | 2.1% 2.5% 2.2%

Highland Guan Penelopina nigral 2.3% 1.7% 2.1%

Browstapped Vireo | Vireo leucophrys| 1.9% 2% 1.9%

Whitefaced Qudilove Zenirgon albifaci¢ 2% 1.7% 1.9%

Emerald Toucanet | Aulacorhynchus | 1.7% 1.9% 1.8%
prasinus

Flamecoloured Piranga bidentatd 1.8% 1.8% 1.8%

Tanager

Olivaceous Sittasomus 1.5% 1.7% 1.6%

Woodcreeper griseicapillus

Azuréhooded Jay Cyanolyca cucull| 1.7% 1.4% 1.6%

Black Thrush Turdus infuscatuy 1.5% 1.6% 1.5%

Resplendent Quetzg Pharomachrus | 1.5% 1.3% 1.4%
mocinno

Keelbilled Toucan | Ramphastos 0.9% 2.1% 1.4%
sulfuratus

bup‘e u ‘%S| Momotus lessoni| 1% 1.4% 1.1%
Whitewinged Dove | Zenaida asiatica| 1.1% 1.1% 1.1%
Bluecrowned Chlorophonia 1% 1.1% 1%

Chlorophonia

occipitalis
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2. Mistetting

The 2016/17 seasons marked the fifth and sixth seasons respectively undertaking structure
standardised mstting/banding protocols since its initi&@inJsing standardised effort and
locations, this is modelled on well establishegland AEsurvey schemes from Europe and North
America. This protocol aims to better understand the basic demographics, longevi
survivorship/recruitment and bmealting phenology in resident cloud forest species, of which most
resident species lack almost any quantitative study. Data collected from this are generally of high
but in previous seasons there remain frustrating inaccuracies in sdroengidbe reéatarding of

data and misunderstanding of the methods. Since 2015, a particular onus has been placed on rec
team members with qualified and independent experience working with birds in the hand (e.g.
licencing) to independentlyntesithetting protocols at research camps which has gone a long way to
address these occasional data quality issues. Further, revisions of training matByalefor the Wolfe
Pyle tropical ageing codes used and more concise data sheets also helped this.

Core constant effort sites are now operated at Base Camp, Guanales, Cantiles, Cortecito and El Dz
mistnetting at other camps solely for demonstration purposes. Minimum effort requirements of six
banding at each sites (almost always Sepaitdtsst one day) were met at all sites in both seasons.
A total of 665 captures were made across both field seasonsA@026238R This comprised of

623 unique individuals, including 97 recaptures across 49 specig2(@AT1&8)5Aummary

breakdown of captures for both field seasons is [reses|teelmw.

Tablé Summary table of all-mestcaptures across all camps in 2016/17 field seasons.

Vernacular Binomial 2016 2017 Total capture
(recaptured
birds)
Greetthroated Mountgiem| Lampornis viridipallens | 80 (3) 67 (3*) | 147 (6)
Blackheaded  Nightingg Catharus mexicanus 34 (18) |21(11) |55(29
thrush
Violet Sabrewing Campylopterus 30 17 (1*) |47 (1)
hemileucurus
Chestritcapped Brugimch | Arremon brunneinucha | 27 (14) | 13 (4) 40 (18)
Stripetailed Hummingbird | Eupherusa eximia 15 (1) 24 (1) 39 (2)
Common Bu3lanager Chlorospingus flavopect| 18 (4) 14 (6) 32 (10)
Slatecoloured Solitaire Myadestes unicolor 19 (4) 12 (3 31 (7)

Slatethroated Whitestart | Myioborus miniatus 12 (7) 10 (4) 22 (11)
Yellowish Flycatcher Empidonax flavescens | 5 17 (4) 22 (4)
Greybreasted Wowden Henicorhina leucophrys | 10 (1) 11 (2) 21 (3)
Green Violetear Colibri thalassinus 16 4 20

Ochrébellied Flycatcher | Mionectes oleagineus | 9 (5) 10 (7) 19 (12)

3Tropical Monitoring Avian Productivity andt8prideseloped in the United States)
4 Constant Effort Sites (used by the British Trust for Ornithology)
5 British Trust for Ornithology
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Redcapped Manakin Ceratopipra mentalis 13 (2) 4 (1) 17 (3)
Ruddycapped Nightingg Catharus frantzii 9 (5) (4) 13 (9)
thrush
Magnificent Hummingbird Eugenes fulgens 9(1) 3 12 (1)
Olivacae Woodcreeper | Sittasomus griseicapillus 5 (2) 6 (4) 11 (6)
Tawnyhroated Leaftosser| Sclerurus mexicanus 4 7 (2) 11 (2)
Spectacled Foliagjeaner | Anabacerthia variegatice 6 5 11
Louisiana Waterthrush Parkesia motacilla 5(1) 4 9 (1)
Longbilled Henit Phaethornis longirostris | 5 3 8
Spotted Woodcreeper Xiphorhynchus erythropy 5 (3) 2 7 (3)
Northern Nightingale Wre| Microcerculus philomelal 5 (2) 2 7 (2)
Whitethroated Thrush Turdus assimilis 1 6 (1) 7 (1)
Ruddy Woodcreeper Dendrocincla homoeh | 3 (1) 2 5(1)
Emerald Toucanet Aulacorhynchus prasinu| 4 1 5
Blueblack Grosbeak Cyanocompsa cyanoide| 4 1 5
Ruddy Foliagéeaner Automolus rubiginosus | 4 (2) - 4 (2)
Stubtailed Spadebill Platyrinchus cancrominy 4 (1) - 4 (1)
Mayan Adtihrush Famicarius moniliger (1) 2 (1) 3(2)
Goldercrowned Warbler | Basileuterus culicivorus | 1 2 (1) 3 (1)
Emeraldhinned Abeillia abeillei 3 - 3
Hummingbird
Brown Violetear Colibri delphinae 3 - 3
Azurerowned Hummingb| Amazilia cyanocephala | 1 1 2
Bananaunt Coereba flaveola 1 1 2
Whitefaced Quailbve Geotrygon albifacies 1 1 2
Tody Motmot Hylomanes momotula |1 1 2
Black Thrush Turdus infuscatus 1 1 2
Whitebellied Emerald Amazilia candida - 1 1
Whitenaped Brudimch Atlapetes albinucha 1 - 1
Azue-hooded Jay Cyanolyca cucullata 1 - 1
Blackhanded Woodcreepg Dendrocolaptes picumny - 1 1
Wedgéilled Woodcreepel Glyphorynchus spirurus | - 1 1
Blackandwhite Warbler | Mniotilta varia 1 - 1
bup‘e u ‘%S*‘% | Momota lessonii 1 - 1
Slaty Antwren Myrnotherula schisticoloy - 1 1
Stripethroated Hermit Phaethornis striigularis | 1 - 1
Whitewinged Tanager Piranga leucoptera 1 - 1
Claycoloured Thrush Turdus grayi 1 - 1

Many species (excepting hummingbirds, where recaptured birds cannabdte dhaindcaralithus

released unprocessed) show a high percentage of recaptures. This is particularly true of birds in br
condition, serving to evidence the lengthy life histories of sedentary tropical birds. Typically, many o
species will ratddefend yeesund territories and are generalywéohgcompared to similar
temperate specid¥pble6] below illustrates this in selected individuals with relatively long
capture histories. Work is tyrbeing undertaken to determine survival rates of selected species as
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well as longevity records (see analysis of current data). The cusftort cusstaeiting database
stands at 2499 captures of 92 species over 6 consecutive years.

Tablé Selected capture histories for some-sfeEiageodes are immature birds (~1yr old), DCB are adults
(>2years old, exact age beyond that unknown) UPBaeebadslin primary moult.

Species 1st & most recent catch | Carp Ring # | Age Sex

Blackheaded Nightingg 7 independent dates bet| Base Y1/HN | DCB on fir{ F

thrush Catharus mexical 16/06/201210/06/2017 | Camp B144 | capture

Time since 1st capture

4yrs, 11months, 25days

Blackheaded Nightingg 13  independent dg Base Y2/HN | FCF on firf M

thrish Catharus mexican| between Camp B170 | capture
16/06/20121/07/2017

Time since 1st capture

5yrs 0 months 15 days

Blackheaded Nightingg 8 independent dates bet| Guanales Y10/HN| DCB on fir{ M

thrush Catharus mexical 22/06/201228/07/2017 B143 | capture

Time since 1st capture

5yrs 1 month 6 days

Chestnutapped Brus| 3 independent dates bet| Cortecito| R33/HN| DCB ofirst| F

finch Arremon brunneiny 08/07/2013 21/07/2017 C308 | capture

Time since 1st capture

4yrs 0 months 13 days

Olivaceaous Woodcre 4 independent dates bet| Guanales G16/HN| UPB on fir{ M

Sittasomus griseicapillug 22/06/2013 30/07/2017 A006 | capture

Time since 1st capture

5ys 1 month 8 days

Slatethroated  Whites| 6 independent dates bet| Cantiles | G109/H| DCB on fir{ F

Myioborus miniatus 24/06/2014 08/07/2017 N-A102 | capture

Time since 1st capture

5yrs 0 months 14 days

Greybreasted Wowden 3 independent dates bet| Cortecito | G38/HN| DCB on fir{ F

Henicdrina leucophrys | 16/07/2014 10/07/2017 AB411 | capture

Time since 1st capture

4yrs 11 months 24 days| 3 independent dates betj

Common Bush Tanj 22/06/2013 25/06/2017 | Cantiles | Y36/ DCB on firf M

Chlorosphyas flavopectu AB107 | capture

Time since 1st capture

4yrs 0 months 3 days

The dataset is now large enough, with enough recapture data for some species, from which to un
some survival analyses. Addjticmalkry large set of morphometric data, ageing data and more

descriptive longevity data has also been collected.
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3. Opportunistic surveys and overall park inventory

Historically, opportunistic records have been redwoovdednddvery sparsely,irfigatb an
unrepresentative and largely uninformative dataset except for documenting occasional occurrence
frequently recorded species. In recent seasons, new methods have been employed to ma»
opportunistic surveys and reporting efforpsengui wedistablished methods employed by large
citizen science birding schemes, BirdTrack and eBird. These involve recreational birding but s
defining effort (start and end times) with complete lists of all species seen and heaatlaluring the tin
given location. These offer strong predictive power of relative abundance (when accountin
location/altitude) by % occurrence of species lists.

This offers an excitingsgigzific dataset that will become increasingly valuable witt.greater inp

To date this data set stands at in excess of 5500 records comprising over 200 species, a large nur
which were not documented in any other methods. A focus on quantitatively using recreational bird
certainly been a factor in documemim@er of new and/or rare species in the park in the previous two
field seasons such as Lovely Cotinga Cotinga antlldid, MM@&tehot Electron carinatunmaBiick

white Owl Strix nigrolineata, BlacE&tde/ISpizaetus tyrannus, Ornataglavpaetus ornatus,
Greycollared Becard Pachyramphus major, Rufous Mourner Rhytipterna hefsostiech Kkeuble
Harpagus bidentatus and Brown Pelican Pelecanus occidentalis. Further, a recent effort has also be
to document nesting birds ercednduring all field activities to provide sofgeasgiative
information on the longevity of breeding seasons of resident species, this has yielded some already \
discoveries, such as the nest of@{amd Becard, a species of whestlaed nesting behaviour

was only recently been described from Mexico.

The park inventory currently stands at c. 288 species. This inventory is being worked on currel
establish all fully verified records and some old, likely erroneou® reaelss Mowinter would
undoubtedly add numerous new species of Nearactic migrants that are poorly represented in the d
from very limited field time. Finally, all bird records fretragpimgraave been identified and
compiled (although th&728ata still need sorting) for their use in analyses for kiodp candera
ornithological work. These datasets are relatively small, but provide particularly interesting reco
species such as Great Currasow Crax rubrafehd Slatg b Y )Yinakr@@ €wpiurellus boucardi

that are very infrequently recorded otherwise.

4. Additional projeddssessing the behavioural, physiological and ecological drivers in the elevatior
range segregation of montane songbirds.

Since 2016, Operationadésdl has provided the logisticatkand field support for my PhD research
investigating aspects of the behaviour and physiology of cloud forest songbirds. In particular, my re
focuses on the ecological and physiological determinantalobelgeaggnegation in closely related
species, focussing primarily on the lower elevahead&éddkightingtdeush and higher elevation
Ruddycapped NightingtheusHRigure2d. To date, this has beekdnm down into three distinct
elements, outlined below.
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Figur0Schematics of the elevational range occupation of selected study transects of tirash Nightingale
species in CNP, where (dependent on the specificrstapeys [€ € ®2be180bu~ ¢SbhE€O08Au 8
left image whibtéack represents High altitude

Assays on territorial aggression between species. A key theory underpinning elevational range seg
between related species is interspegissiay. Interspecific aggression can be either symmetric
(where both species are similarly aggressive towards one another) or asymmetric (where one is dc
over the other). Relevant to elevation range segregation, this occurs where hbthespdges meet

‘n %}b€2 biIbEB8%E «8Ff YEUY%2EFAK%E ey n'2S€eu ®O‘+%L80Y: I'eby
reciprocal playback experiments, | found an asymmetric interaction where the lowweadation Black
Nightingalthrush was behawtiyrdominant over the higher elevatiorcdpyedy Nightingale

thrush, but the strength of this interaction declined rapidly with distance from the contact zone
indicates this interaction is not inherent, but learned due to context.

Investigating\Ww ecotones influence elevation range segregation. A second key theory as to the dri
causes of elevational range segregation is that of ecotones (habitat preferences/specialisms
microclimates). To interrogate this further, | surveyed bigtealsing aeries of elevational transects

in closed canopy forest in Base Camp, Capuca, Guanales and Cantiles, augmented by data collect:
the same transects by the bird team. Along each of these gradients, microclimate attributes were cc
usng teams of temperature loggers, as well as habitat attributes already collected at survey locatit
the habitat team. Initial results of this indicate that habitat differences are clearly different between
and work an analysis coupling tbeseeagualities with the results of behavioural aggression assays is
currently underway.

Physiological tolerance and lower critical limits. A final key theory driving elevational ranges of spec
tropical mountains is that of physiological taletamgerature regimes. Because of the different
microclimates present at different elevations on a mountain in the tropics, theory has predicted

given species should evolve a tolerance to the specific microclimate in the elevatiatidgreccupies. Ele
(and subsequently microclimates) outside of the elevational range occupied should thus repr
physiological barriers. To test this between the Nighshgald used an open flow respirometry set

up to measure metabolic rates in relatemgulated ambient temperature in a controlled temperature
chamber. Particularly, a higher elevation species should be expected to have lower metabolic rates
temperatures than a species occupying a lower elevation, because of theres@ardeyapea

will experience with higher elevations. Data for this is currently being analysed.
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The data from these three key components are currently being analysed and will be combined in ¢
compile as complete a picture as possibledallgrapsess the key determinants of elevational range
segregation. To date, no studies have investigated these theories in such fine scale empirical
Additional work for my PhD is also ongoing on the intepacitidrdtifferences in blogdiplogy
(haemoglobin content), body condition indices and levels of territorial aggression related to aspe
individual physiology.

5. Outputs

i) Projects

In 2016/17, the ornithological team included and supported two projects fromUsolerkiBodfrey (

of Oxford) and Matt Little (Edinburgh University), respectively, for their undergraduate dissertation
working as ornithologists in the field, both students used this and past seasons data.

LW'Fbf p «2'...b0% €«EbuYeSpodséedhil avigrbcamin@rity chariy® omp&ed to land
Aub°oY€u%A2F8+0bV 2bOb+%tE 2bObEE€+u 8 "u% n‘2 }b2 bEObttDb
investigating the role of temperature regimes on predicting elevational ranged fufrestrtain c
®EYEO8Y%'2” HebOEbU 8eY 8E€8« UAETYUC 8%Y% pu «2°...b0% 8%
and tropical latitude mountains (Cusuco and a field site in Canada).

i) Publications

The following manuscript is currently in review

Neat-Clegg, M.H.C., Jones, S.E.I, Burdekin, O., Jocque, M., Sekercioglu, C.H. Elevational changes
avian community of a Mesoamericafostigark. Biotropica

The following manuscript was recently published
Martin. T, Rodrigues, F., Simcoxk¥énDig van Dort, J., Reyes, E. & Jones, S.E.I. (2016) A review of
notable range and altitudinal records from Parque Nacional Cusuco-&btinga. 38: 32

iii) Analysis of current data

The current focus on Cusuco ornithology is to finalise therpakdnuedertake a full taxonomic
update of the databases. A review of records is currently underway with the aim of publishing an e»
guantified inventory of the birds of Cusuco. How exactly this will take shape is currently in discussic
maytake form in the shape of a long monograph including status (in CNP), local distributions, long
records and survival rates as well as an inventory of digitised, unambiguous records. The advantz
monograph is that it would subsequently béonaasteoit book on the parks avifauna, available for
future visitors, field teams and perhaps most importantly, translated into Spanish for Honduran auc
both local to CNP or otherwise.

Several short natural history notes are close to submesitngdoew aspects of natural history of
various cloud forest birds, such as breeding behaviour of Viol€izBabyéwitegss hemileucurus
nest predation by Sttoilgd Woodcreep&ighocolaptes promeropirhyacdwsew prey species of
the Whitbreasted Hadkcipiter striafic$ionogaster
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9.4Mammals by Hannah Hoskins
Small mammal trapping

I.  Small mammals 2016
Ten Sherman traps were placed 10m apart starting at 200m from the start of three transects in eac
(with the exception of léantihere CA2 and CA3 were not surveyed). All trapssitteferleft in
consecutive days and checked each morning. Bait consisted of peanut butter, honey and oats mix
in each trap and only replaced during the study period if an aeiethtieadram A total of 75
individuals of five specieswe@]. During 2016, small mammal abundance was greatest at
Cantiles and lowest at Cortecito. Freya traps were not used in 201épaatsinvees carried out
but these are not included in Figure 1. Additionally, one specimen &i/mompsatevmouse
was opportunistically collected (having been found dead at a river) and was exported to Dr Neil
YAbbe Ty -« €E &taqdiddrcthebdkscBption of this species although, unlike in previous years, the
were no targeted surveys for this species.

Table” Small mammal species caught and identified at each camp in 2016

Heteromys Peromysct Marmosa Scotinomy. Tylomys Grand

Camp desmarestiagnL mexicanus mexicana teguina watsoni Total
Base Camp 4 15 3 22
Cantiles 9 14 23
Cortecito 3 1 4
Danto 4 11 15
Guanales 2 8 1 11
Grand Total 22 48 3 1 1 75

ii.  Small mammals 2017
Ten Sherman treyese placed 10m apart starting at 100m from the start of three transects in each ca
(with the exception of Cantiles where CA2 and CA3 were not surveyed) and with the same bait
previous year. A total of 62 individuals of four species wrescalghtammal abundance greatest
at Cantiles and lowest at (Taities).

Tablé& Small mammal species caught and identified at each camp in 2017

Heteromys  Peromysis Scotinomy. Didelphis

Camp desmarestian mexicanus teguina marsupialis Grand Tote
Base Camp 9 8 1 18
Cantiles 12 7 19
Cortecito 5 1 6

Danto 5 5
Guanales 7 7 14

Grand Total 38 22 1 1 62

Small mammal survey protocols have varied over the-§6a8st@2@5P varying hypotheses and to
trial different baits and trap placements. 2016 and 2017 were the first years in which a standardised t
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protocol were implemented at all camps across multiple field seasons to form the basis of future mon
to enable comparisons between camps and years. This was a second attempt to create a standardis
of abundance by which to assess temporal trends in populations, data from previous years were sub:s
to retrospectively create comparable sulmts were restricted to terrestrial trap lines baited with
peanut butter, oats and syrup mix only adjusted for traignmeefforPreliminary statistical

analysis suggests a significant increaseverage number of small mammals caught per trap night
from 2012017 (t value= 3.05, P<0.05) but there was no significant difference between the averas
numbers trapped from 205 #=0.384, 3df, P=0.158). This approach additionally ensures that all
camps can be surveyed without need to rely on more difficult to come by bait (i.e. no need for cat f
tuna) and ensures that all future data collected are useful for comparison.
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b) Large mammal tracks and signs

i.  Tracks & signs 2016
All transects at all camps were surveyed for field tracks and signs of large mammals during 2016 cor
with previous years.|3fge mammal team always attempt to be the first, or one of the first survey tear
to survey each transect when each camp opens in an attempt to minimise disturbance, however C
impossible to survey due to its use as the main entrance poir it@lcAmfield signs were
identified (Table 3) belonging to 14 species with the greatest number found at Cortecito and the fe
Base Camp (once numbers were corrected for effort i.e. only three transects were observed at C:
this is logitas the transects at Base Camp are more regularly frequented, making it more difficu
assess the transect undisturbed by footfall. The total number of records was lower than 2015 (13
the number recorded in the following year (2017) onwe agg
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Tablé® Large mammal tracks and signs identified at each camp during summer 2016

Species Base Camp Cantiles Cortecito Danto Guanale: Total
Cuniculus paca 1 2 2 5 10
Dasypus novemcinctt 15 6 21
Didelphis virginiana 1 1 2
Leopardus wiedii 1 1 2
Mazama temama 3 2 3 3 5 16
Conepatus semistriatus 2 2
Nasua narica 2 2 4 3 10 21
Orthogeomys sp. 1 1
Pecari tajacu 1 3 2 6
Potos flavus 2 2 1 5
Tapirus bairdii 1 4 5
Alouatta palliata 1 1
Panthera onca 4 4
Leopardus pardalis 1 1
Grand Total 12 9 30 22 24 97

ii. Tracks & signs 2017
All transects at all camps were surveyed for field tracks and signs of large mamnmalisigunting 2017 co
with previous years. Once again, CA4 was impossible to survey due to its use as the main entranc
into camp. A total 149 field signs were identified belonging to 14 species includifgjebear tracks (
oncdTable@ which was captured on camera tragr lagtB@nthera within Culslost tracks and
signs were detected in Danto and fewest at Cantiles.

TabldOLarge mammal tracks and signs identified at eacimgammoher 2017

Species Base Camp Cantiles Cortecito Danto  Guanales Total
Alouatta palliata 3 1 5 1 10
Bassariscus sumichrasti 1 1
Cuniculus paca 5 9 11 1 26
Dasypus novemcinctus 2 5 13 13 5 38
Orthogeomys sp. 1 1
Leopardus wiedlii 1 1 2
Mazama americana 2 1 4 1 8
Nasua narica 15 5 4 6 8 38
Odocoileus virginianus 1 9 2 12
Pecari tajacu 1 4 5
Conepatus semistriatus 1 1
Panthera onca 1 1
Potos flavus 2 2
Tapirus bairdii 3 1 4
Grand Total 29 15 29 55 21 149
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a) Large ammal camera trapping
I.  Camera trapping 2016
A total of 28 camera traps were deployed at 94 locations throughout the 8 week field season, howe
camera was stolen from BC3 and a further two cameras triggered too frequently to produce usefi
Camexs were left out for an average of 2.93 days which, coupled with the requirement for 1/3 of cat
to be 300m from transect, 1/3 to be 150m from transect and 1/3 to be 20m from transect, was a very
intensive process. This was necessary topb borigéi E€%} %}b <2bE€‘Ap Eb82 pu
maximise the number of locations surveyed. Nine species of interest were detected with highest nui
detections at Base Camp and lowest at Guanales (not including species of squirre}s and small rode

ii. Camera trapping 2017

For 2017, the period for which cameras were left in the field was increased to an average of 15.
which was made possible by the use of additional 32 cameras although the survey design of two
three cameras per tramsawined (although in some areas of severe deforestation such as in Corteci
this was not possible). Cameras were placed at 95 locations, six of these locations were along th
know as La Torre in light of difficulties with camera plactroiént lai€a@ striped iagpd skunk

(Conepatus semistrjamas captured there creating the first physical record of the species in Cusuco.
total of five cameras and one SD card were stolen. Ten species of interest were detected with the
capture rate at Cantiles and lowest at Base camp (taking into account trapping effort as La Tor
surveyed less). There were fewer detections per month (accounting for survey effort) in 2017 t

previous yedEgured, although due to many confounding factors it is not suitable to compare directl
between years at this time.
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9.5Invertebrates by Dr Thomas Creedy

Dung beetlgsnethods and preliminary findings

The standard sunetyvork of sites was sampled using 4x dung baited pitfall traps left for between 3 d
and a week, previous data having shown no significant difference in catches within that time period.
of 113 locations were surveyed, slightly fewer thansitygaes due to ending research in the extra
disturbance sites on the west side. Compared with previous years, sampling effort was most sir
2016, compared with a much greater sampling intenst§1i. 20832016, sampling was reduced

this gason partly because camps were not open for as long, and partly as an active decision to r
uneccesary identification workload. Baseline levels of community data have already been reache
yeatonyear surveying is now undertaken for the fougpus®iag, which does not require as large a
sampling effort. In particular, Base Camp and Guanales hosted a dissertation student project explo
effects of methodological variation, rather than the much higher numbers of core samples undertz
previous years. A total of 542 samples were collected, of which 404 used the standardised san
protocol (the remainder being part of the dissertation student project). Considering only these 404,
the 113 sample locations (95%) were sangéathdteminimum of 3 times, with an average of 3.6
samples per site. Of the 6-sadgrled locations, 5 belonged to a single transect that could not be
completed sufficiently in the available camp opening time (BA4), and 1 is likely a missing sample.

The vast majority of samples were sorted (dung beetles separated from bycatch) and identified to s
or morphospecies before the end of the season. The team is to be commended for this effort, as tt
place without me being on site and witmarsretustaff this year. Identification was carried out using
the OpWsdlinded Creedy and Mann 2011 identification guide. Data was recorded using ex
spreadsheets and, new for this year, an ODK form. This ODK form provided data that was much le
prone, but was reportedly slow to use. We aim to work to improve this for future seasons, as the
entered excel data contained many small errors that required substantial work to correct.

A total of 16,3&Earabaeirmdieng beetles were identifiedhicth 11,671 were collected from the 404
standardised samples. Approximately 28 of the 40 species know to exist in Cusuco National Park aj
have been found, although this is likely to rise to 30+ onceta-felvirickfE b pebO€bp u2‘Aep &
in the UK. This is comparable to 2016. The species which are absent are generally those associat
the disturbed habitat surrounding Santo Tomas, which was not sampled this year.

Although the majority of samples were processed in the fidld,skbstaaiizs to be carried out in

the UK. The field datasheets needed to be compiled, checked for errors and validated (checking the
and IDs were reasonable, and-cuetkeng if not). While we attempted to do this during the season,
the inteet connection was too poor to stay sufficiently in sync, and while some validation managed tc
place the majority had to be done back in the UK. Furthermore, as mentioned the species that are
separate have to be done in the UK as theeskil[naent simply aren't present in the field. Last year
we established a system for doing this during the season, but again this did not work because the |
connection on site is not suitable for the field team to stay in sync. Furthaesdnat dne Ispel

to separate have to be identified in the UK as the skills and equipment simply weren't present in the

Based on the identification data as it currently stands, across all 542 samples, 72 will require
identification for valmapurposes at the OUMNH as they comprise species that were not identified fu
or that are hard forexqperts to ID accurately.
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9.6Habitat by Rik Barker

Habitat and forest structure data for Cusuco National Park were collected athiiéeudiayesites b
3dand Augustd32017. For detailed descriptions of the methods used please refer to the protoc
document. Number of trees present, mean tree girth at breast height (GBH), mean leaf litter depth
density, mean canopy opennesflsedtdly closed, 25 = full open), sapling count per m2, number
of stumps and cut saplings, along with elevation, aspect, and slope data were calculated for each

site(Tabld 1).

Tabld 1Site by site analysis of habitat and forest structure along transects at Base Camp (BC) and at each
camp (BA = Buenos Aires, CA = Cantiles, CO = Cortecito, DA = Danto, GU = Guanales).

Leaf
Litter | Soail

Survey | Elevatioi Slope | Tree | GBH | depth | Density Canopy Saplings Cut
Site (m) Aspec] (°) cont | (cm) | (mm) | (mm) | Score | per m? | Stumps Saplings
BC1 SS] 1599 E 3 81 56.7 |56.0 |[41.0 |1.8 0.65 12 7
BC1_SS] 1588 S 15 84 46.0 |30.2 |52.0 |2.0 0.45 0 0
BC1 SS] 1626 NW | 27 32 784 [59.2 |514 |5.0 1.20 0 4
BA_ SS4 1587 N 32 156 34.1 456 |34.2 |1.2 1.25 4 0
BC1 SS! 1597 |W 15 99 425 |50.0 [35.6 |28 0.85 0 2
BC1 SS(1623 |W 32 57 57.6 |53.0 [35.0 |1.2 0.70 0 0
BC1_SS] 1640 SW |40 85 38.0 448 |46.6 |1.6 2.50 0 0
BC1 SS{ 1697 N 25 48 72.0 [49.0 |454 |1.0 0.70 2 0
BC2 SB| 1447 N 29 55 542 653 |276 |14 0.75 4 Il
BC2_ SS] 1386 NW |9 52 543 258 |23.4 |56 0.40 3 7
BC2 SSji 1421 - 27 58 62.6 |50.8 |60.2 |20 0.70 4 0
BC2 SS{ 1446 S 15 104 (448 |87.8 |256 |1.6 1.05 1 10
BC3 SS| 1658 SW 14 64 342 |31.0 |18.6 |3.6 0.55 8 13
BC3 SS] 1665 E 32 35 84.1 (864 |37.0 |9.0 0.25 1 3
BC3 SS] 1648 W 9 43 67.0 294 |36.8 |8.8 1.05 3 1
BC3 SS{ 1590 W 40 70 472 |47.6 |22.2 |6.2 3.20 4 25
BC3 SS} 1518 N 20 65 478 13141412 |1.0 0.80 3 9
BC3 SS( 1459 W 20 123 39.1 [1248|30.0 |6.6 2.00 0 6
BC3 SS| 139 NW 18 70 443 |36.0 |30.0 |4.2 0.50 0 5
BC4 SS| 1614 SW 4 84 47.3 [39.6 |28.0 |20 0.45 0 4
BC4 SS] 1648 W 8 68 417 | 376 |31.2 |24 2.00 8 8
BC4 SS] 1683 NW | 37 29 53.3 [|36.0 |240 |1.2 0.30 1 3
BC4 SSq 1703 N 4 34 61.3 |50.0 |37.6 |4.6 1.00 2 8
BC4 SS| 1715 NE 2 65 57.1 [47.2 |31.0 |0.8 0.35 1 1
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Leaf

Litter | Sail

Survey | Elevatioi Slope | Tree | GBH | depth | Density Canopy Saplings Cut
Site (m) Aspec] (°) count | (cm) | (mm) | (mm) | Score | per m? | Stumpg Saplings
BC4 SS( 1731 N 12 75 459 |94.0 |49.0 1.8 0.20 0 0
BA1l SS] 1027 SW 2.5 25 120.7 | 34.0 |40.6 |8.8 0.30 11 1
BAl1 SS}]1074 |- 8 11 166.0 | 8.6 21.8 |23.8 |0.00 6 8
BA1l SS] 1138 - - 4 835 4.6 22.0 11.2 | 0.00 3 6
BA1 SS{1187 SE 31 6 160.7 | 43.6 |16.6 |16.6 |0.00 0
BA1l SS§ 1192 SW 19 10 133.3(32.0 |156 |17.6 |0.00 6 1
BA2 SS] 1313 SW 22 13 1155(26.2 |33.2 |6.6 0.25 18
BA2 SS] 1235 - - 38 73.6 |56.2 |- 6.2 0.20 6
BA2 SS| 1214 NE 38 31 46.1 |54.2 |76.0 |4.2 0.50 9
BA2 SSY 1124 W 24 44 464 |48.2 |58.6 |0.6 1.00 0
BA2 SS{ 1019 S 20 40 67.8 |57.2 |42.2 |12.8 |0.50 1
BA3 SS] 1370 W 16 83 38.4 | 588 |348 |58 1.45 18
BA3 SS] 1268 - - 45 540 426 |51.2 |6.0 0.45 8
BA4 SS] 1352 SW 25 30 63.6 [ 888 |68.6 |7.6 1.95 18
BA4 SS] 1348 NW | 30 113 476 |57.6 |28.0 |14 1.10 0 14

BA4_SS{ 1409 w 20 73 48.2 1320 [288 |1.0 0.90

BA4_SS4 1420 NE 24 39 829 416 (346 |20 1.40

BA4_SS{ 1481 w 22 43 708 [354 |36.0 |44 3.00

CA2_SS] 2055 N 24 123 435 |554 [38.2 |26 0.70

CA2_SS] 2091 NE 35 91 440 |624 |416 |3.2 0.40

CA2_SSy 2124 E 35 93 46.1 |35.7 |459 |26 0.10

CA2_SSi 2148 NE 28 71 558 |56.6 [316 |4.8 0.60

CA2_SS(2178 NE 18 77 544 |66.0 [38.0 |3.0 0.00

CA2_SS] 2183 w 16 89 49.7 1620 |32.0 |4.2 0.45

CA3_SS] 2051 W 30 77 423 | 780 |850 |24 1.25

CA3_SS] 2053 SE 45 91 486 |77.0 |46.6 |44 1.40

CA3_SS] 1962 S 24 146 |374 |37.2 |310 |26 1.10

CA4_SS| 1847 E 26 81 370 [35.2 308 |0.8 0.15

w

CA4_SS] 1924 NE 40 61 559 [87.0 |39.6 |5.0 0.70

CA4_SS] 1943 NE 38 48 39.1 [56.6 446 |38 1.40

CA4_SS4 1956 NE 35 114 386 |[276 |316 |16 0.70

CAS5_SS] 1825 W 18 25 626 [374 (212 |3.0 1.65

CAS5_SS] 1891 E 37 68 41.1 450 |140 |14 1.60

CAS5_SS] 1943 E 26 99 374 | 750 1494 |26 0.35

CA5_SS4 2004 SE 22 122 1433 [30.0 |32.0 |20 1.25

CAS5_SS! 1967 SE 31 42 635 [254 288 |32 1.65

CA5_SS( 1910 SW |35 76 41.7 1320 |320 |16 0.30

CAS5_SS] 1841 N 42 63 398 [36.0 |39.0 |18 0.15

RPIWININIOOIOINIO|IW|W|R | OIFRPIOWINIFRIO|IOIN|OIOIN OO0~ |IOIOINIW|IKL W

N O|IO|OIONO|R,|UOFRP|IOFRPIWO|IO|I~|OINIOIO|FR|O|O|F

CA5_SS{ 1789 NE 35 74 43.9 |58.6 |348 |2.8 0.50

CO1_SS| 1396 NW |20 29 66.2 | 0.0 304 |25.0 |0.00

)
a1

200

CO1_S§| 1391 NE 24 25 49.3 0.0 216 |25.0 |0.00

Al
()

200
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Leaf
Litter | Sail

Survey | Elevatioi Slope | Tree | GBH | depth | Density Canopy Saplings Cut
Site (m) Aspec] (°) count | (cm) | (mm) | (mm) | Score | per m? | Stumpg Saplings
CO1_S§| 1331 NE 16 39 63.7 | 134 |28.6 |25.0 |0.00 79 200
CO1 SS§| 1176 N 37 63 59.1 [346 |26.0 |22 1.30 6 18
CO1 SS| 1174 N 15 79 490 |714 354 |4.2 2.00 I 12
CO2_SS| 1398 E 22 69 58.0 [39.2 |48.4 |3.2 0.70 2 2
CO2_SS| 1407 N 30 52 73.6 |284 |59.8 |25.0 |0.00 56 66
CO2 SS| 1472 S 24 51 60.4 458 |33.0 |14 0.65 12 7
CO3_SS| 1539 E 37 46 62.3 |52.2 |50.8 |22 0.15 1 8
CO3_SS| 1587 S 23 47 585 |63.6 [48.0 |54 1.00 3 10
CO3_SS| 1637 E 8 50 549 226 |142 |64 0.95 0 6
CO3_SS| 1681 S 10 91 443 |33.0 |29.8 |3.8 0.70 11 Il
CO3_SS| 1665 SW 28 49 742 520 |29.6 |1.8 0.65 2 2
CO3_SS| 1628 SE 35 34 594 636 |36.2 |0.8 1.40 0 1
DAO_SS] 1578 W 22 104 373 [69.0 |420 |1.8 0.45 4 1
DAO_SS] 1594 W 15 116 450 |63.0 |39.0 |3.2 1.50 1 2
DAO_SS{ 1593 W 30 76 59.1 |73.0 |35.0 |20 1.10 1 0
DAO_SS| 1598 W 18 128 449 620 |640 |24 0.55 0 0
DAO_SS( 1603 N 29 77 408 |46.0 |52.6 |1.6 0.40 1 0
DAl SS| 1559 S 11 89 475 | 718 |55.2 |28 0.70 11 0
DAl SS] 1606 E 20 95 40.1 |58.0 |59.0 |54 0.50 8 6
DAl SSj 1701 S 27 46 72.3 | 70.0 |70.0 |3.0 0.75 8 0
DAl SS{ 1724 S 9 71 55.1 |51.0 |32.2 |52 1.60 3 0
DA1 SS} 1715 N 16 137 37.7 410 | 254 |20 0.75 11 14
DAl SS( 1593 N 28 37 579 |31.0 | 350 |26 0.95 0 1
DA2 SS| 1583 N 26 114 48.7 |86.4 |554 |22 0.55 1 0
DA2 SS] 1616 N 5 93 544 1264 |246 |54 1.15 0 2
DA2 SS| 1536 NW |30 66 52.9 [38.8 [394 |32 0.80 3 9
DA4 SS| 1633 NE 15 81 41.1 | 32.0 |39.0 1.0 0.30 0 1
DA4 SS;] - NE 22 40 55.2 [43.2 |55.0 18.4 1.20 11 16
GU1_SS§| 1415 N 25 58 65.6 [38.8 [28.6 |1.8 0.80 3 4
GU1 SS| 1473 NW | 20 64 543 920 |40.0 |1.8 0.40 2 8
GU1 SS| 1632 NE 29 55 515 [48.8 |28.6 |24 2.00 0 0
GU1 SS| 1718 - - 44 58.0 [65.2 |38.8 |4.2 2.25 0 0
GU1 SS| 1805 NE 15 31 57.7 504 |55.8 |28 0.80 0 2
GU1 SS| 1845 SE 40 47 37.1 496 |53.2 |1.0 0.45 0 5
GU1l SS| 1941 N 25 75 36.5 |67.2 |[29.0 |20 0.65 1 0
GU1 SS| 1964 NW | 45 45 435 |52.2 |336 |1.2 0.25 3 4
GU2_SS| 1355 SE 20 68 408 | 354 |522 |04 0.20 1 0
GU2_SS| 1336 E 35 65 53.6 [88.2 [32.8 |0.2 0.80 0 0
GU2 SS§| 1315 SE 25 51 559 (404 |28.0 |2.8 0.65 0 3
GU2_SS| 1420 NW |35 47 53.2 [66.0 |76.0 |0.6 0.20 1 0
GU2 SS| 1501 SE 33 40 50.7 [43.8 |23.6 |0.8 3.55 0 0
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Leaf

Litter | Sail
Survey | Elevatioi Slope | Tree | GBH | depth | Desity| Canopy Saplings Cut
Site (m) Aspec] (°) count | (cm) | (mm) | (mm) | Score | per m? | Stumpg Saplings
GU2 SS| 1496 NW | 27 99 403 | 756 |36.2 |1.0 1.65 0 1
GU2_SS§| 1514 SE 6 98 416 |99.6 [36.8 |26 0.50 0 0
GU2_SS| 1594 N 18 69 43.1 |116.0/69.0 |1.8 0.30 3 14
GU3 S§| 1234 NW | 22 44 62.2 354 |374 |22 020 2 5
GU3_SS| 1263 E 27 55 570 [61.0 |34.2 |16 1.00 1 2
GU4 SS| 1244 U 8 40 853 |37.0 |354 |04 0.45 3 8
GU4 SS| 1225 SE 41 67 50.7 [424 |23.8 |1.8 0.50 0 0
GU4 _SS| 1197 W 28 42 615 | 750 |450 |2.8 1.90 0 5

Camp by camp analysis

Base Camp

)] Comparison lwvill Cusuco survey sites
Base Camp survey sites are situated between 1386m and 1731m above sea level and on aver
approximately only 6m above the average elevation for all sites surveyed across the Park. There
significant difference forameet, GBH, leaf litter depth, soil density, or sapling émetivpen m
Base Camp sites and all Cusuco survey sites. However, canopy openness score (t=4.548, df=
P>0.05), stump count (t=4.007, df=24, P>0.05), and cut sapling count (t=4.512>08&24,
were found to be significantly lower at Base Camp sites than at all sites. These trends indicate that
a lower level of human disturbance at Base Camp sites than across Cusuco in gen

Soil
Elevatior Tree GBH Leaf Litte Density Canop' Saplings Cut
(m) count (cm) depgh (mm) (mm) Score perm2 Stumps saplings
BC 1587.5 69.4 48.7 58.0 35.8 3.2 0.95 2.4 4.9
Cusucc 1581.8 65.0 49.9 51.8 38.1 4.4 0.84 4.9 10.0

Mean values for Base Camp survey sites and all survey sites in 2017

Base Cangites have a slightly higher percentage of broadleaf trees than Cusuco as a whole, along
corresponding lower percentages of ferns and palms. The percentage of dead trees found at Bas
sites is about average for the Park.
% % % % %
Broadlea Fern Pain Pine Dead
BC 83.2 136 1.1 2.0 120
Cusucc 74.9 19.5 3.6 1.8 127

Tree percentage breakdown for Base Camp and all survey sites in 2017

i) Comparison with 2016
In Base Camp sites leaf litter depth (t=5.497, df=124, P>0.05) and cut saplirPtodit2¢4:2.
P>0.05) were both found to have significantly increased from 2016 to 2017. All other variables wer
significantly changed.
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Sail

Elevatioi Tree GBH Leaf Litte Density Canop) Saplings Cut

(m) count (cm) depth (mm) (mm) Score perm? Stumps saplings
BC_201¢ 1587.5 67.2 49.9 33.3 31.8 2.7 1.21 1.6 1.8
BC 201 1587.5 69.4 48.7 58.0 35.8 3.2 0.95 2.4 4.9

Mean values for Base Camp in 2016 and 2017

A higher percentage cover of tree ferns was found in 2017 compared to in 2016, thwth decreases
cover of broadleaf and palm trees. The percentage of trees found to be dead in survey sites incre.
around a third from 2016 to 2017.
% % % % %
Broadlea Fern Palm Pine Dead
BC_201¢ 85.7 95 21 27 9.2
BC 201" 83.2 136 1.1 2.0 12.0
Tree peentage breakdown for Base Camp in 2016 and 2017

Buenos Aires

)] Comparison with all Cusuco survey sites
Buenos Aires survey sites are situated between 1019m and 1481m above sea level and on aver
approximately 340m below the average elevasteS@ualeyed across the Park. No significant
difference between values for soil density, sapling écombyperber of stumps was found between
Buenos Aires sites and all Cusuco sites. However, Buenos Aires sites had a significantly lower tre:
(t=3.804, df=16, P>0.05), leaf litter depth (t=3.268, df=84, P>0.05) and cut sapling count (t=2.154,
df=16, P>0.05) than all Cusuco sites. And additionally, GBH (t=5.628, df=647, P>0.05) and canop!
openness (t=4.603, df=84, P>0.05) were significarghttaghfor all survey sites. These trends are
most likely explained by the high levels of deforestation and forest degradation at Buenos Aires sites
especially in the case of shade grown coffee plantations, leaves only high GBH trdasestanding and
overall canopy coverage.

Soil
Elevatior Tree GBH Leaf Litte Density Canop' Saplings Cut
(m) count (cm) depth (mm) (mm) Score perm2 Stumps saplings
BA 12454 38.1 62.7 42.2 38.0 8.0 0.76 4.4 6.4
Cusucc 1581.8 65.0 49.9 51.8 38.1 4.4 0.84 4.9 100

Mean values for Buenos Aires survey sites and all survey sites in 2017

Buenos Aires sites had a much higher percentage of pine trees compared to Cusuco overall,
corresponding much lower percentage of fern and palm trees. The petrearsdgeaf idddenos
Aires sites was slightly lower than the Park average, however this is misleading as Buenos Aires si
suffered the heaviest historic deforestation in the Park (evidenced now by the significantly lower tree
% % % % %
Broadlea Fern Palm Pine Dead
BA 77.2 99 0.3 11.7 10.0
Cusucc 74.9 19.5 3.6 1.8 127
Tree percentage breakdown for Buenos Aires and all survey sites in 2017
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ii) Comparison with 2016
Sites in Buenos Aires were found to have significantly higher saplmgs{ts@t594, df=16,
P>0.05) in 2017 than in 2016. No other variables were found to have significantly changed betwee
two years.

Sail
Elevatioi Tree GBH Leaf Litte Density Canop) Saplings Cut
(m) count (cm) depth (mm) (mm) Score perm? Stumps saplings
BA_2016 1240.1 39.2 60.7 55.2 33.3 9.9 0.64 2.4 1.8
BA 2017 12454 38.1 62.7 42.2 38.0 8.0 0.76 4.4 6.4

Mean values for Buenos Aires in 2016 and 2017

Palm tree cover was found to be much lower in 2017 than in 2016. Similar to Base Camp, the perc
of deatfees in Buenos Aires sites was found to have increased by around a third over the year.
% % % %
Broadlea Fern Palm Pine % Dea
BA_2016 78.8 89 18 105 74
BA_2017 77.2 99 0.3 11.7 10.0
Tree percentage breakdown for Buenos Aires in 2016 and 2017
*one additional site was surveyed in 2016

Cantiles

i) Comparison with all Cusuco survey sites
Cantiles survey sites are situated between 1789m and 2183m above sea level and on avera
approximately 400m higher than the average elevatiosdoregleditesross the Park. Cantiles sites
showed no significant difference in leaf litter depth, soil density depth, or sapfimdh@ount per m
compared to all survey sites in Cusuco. However, tree count (t=2.798, df=20, P>0.05) was found tc
significaty higher than at all survey sites. Whilst GBH (t=4.826, df=1730, P>0.05) and canopy
openness (t=8.959, df=104, P>0.05), along with number of stumps (t=4.799, df=20, P>0.05) and
cut saplings (t=8.694, df=20, P>0.05) were all found to be significaindly toxeeall Cusuco sites.
These trends can be accounted for by the higher elevation of Cantiles survey sites, which tends to
tree GBH, and by the relatively undisturbed nature of the habitat found at these elevations which |
lower canoppenness and human disturbance values.

Sall
Elevatio Tree GBH Leaf Litte Density Canop' Sapling:s Cut
(m) count (cm) depth (mm) (mm) Score perm?2 Stumps saplings
CA 1985.0 82.4 445 51.2 37.5 2.8 0.78 1.9 2.9
Cusucc 1581.8 65.0 49.9 51.8 38.1 4.4 084 4.9 10.0

Mean values for Cantiles survey sites and all survey sites in 2017
Cantiles has the highest tree fern percentage cover of any camp in Cusuco, and correspondingly hz

broadleaf, pine and palm percentage cover. The percentagefotini@ad Captiles is below the
Park average, which again is due to the relatively undisturbed nature of this area of the Park.
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% % % % %
Broadlea Fern Palm Pine Dead
CA 60.1 372 21 0.2 109
Cusucc 74.9 19.5 3.6 1.8 127
Tree percentage breakidow@antiles and all survey sites in 2017

ii) Comparison with 2016
At Cantiles survey sites leaf litter depth (t=4.218, df=104, P>0.05), soil density depth (t=5.060,
df=104, P>0.05), and canopy openness (t=3.585, df=104, P>0.05) were all found tah8ye signifi
increased from 2016 to 2017, with all over variables not significantly changed.

Sail
Elevatioi Tree GBH Leaf Litte Density Canop' Saplings Cut
(m) count (cm) depth (mm) (mm) Score perm2 Stumps saplings
CA_201E 1989.5 715 422 354 26.5 1.9 0.68 1.7 3.4
CA 2017 1985.0 82.4 445 51.2 37.5 2.8 0.78 1.9 2.9

Mean values for Cantiles in 2016 and 2017

Percentage covers of each tree category were found to be relatively unchanged between 2016 an
with only minor increase in the percentage of dead trees present.

% % % % %
Broadlea Fern Palm Pine Dead
CA_20186 59.0 39.2 18 01 91
CA_2017 60.1 37.2 21 0.2 109
Tree percentage breakdown for Cantiles in 2016 and 2017
*one additional site was survegbéd6

Cortecito

i) Comparison with all Cusuco survey sites
Cortecito survey sites are situated between 1174m and 1681m above sea level and on avera
approximately 120m lower than the average elevation for all sites surveyed acrosstthe Park. In Ce
sites were found to have no significant difference in soil density depth and s&iliag ebadit per m
Cusuco survey sites. However, sites were found to a have significantly higher GBH (t=4.264, df=
P>0.05), canopy openness score (t=41869, #>0.05), stump count (t=2.158, df=13, P>0.05),
and cut sapling count (t=1.967, df=13, P>0.05). Along with a significantly lower tree count (t=2.677
df=13, P>0.05) and leaf litter depth (t=4.334, df=69, P>0.05). All of these trends are undoubtedly
linked to the heavy deforestation and forest degradation found along Cortecito transects. Survey si
and 3 on Transect 1 and (new in 2017) survey site 2 on Transect 2 are completed deforested. The r
high stump count and cut sapling caimttéaito survey sites heavily affects the Cusuco mean value
for these two variables.
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Sail

Elevatior Tree GBH Leaf Litte Density Canop) Saplings Cut

(m) count (cm) depth (mm) (mm) Score perm? Stumps sapling
CcoO 1463.0 51.7 583 37.1 35.1 9.4 0.68 21.4 528
Cusucc 1581.8 65.0 49.9 51.8 38.1 4.4 0.84 4.9 10.0

Mean values for Cortecito survey sites and all survey sites in 2017

Cortecito has an above average percentage cover of broadleaf and palm trees, with well below
cover of fernsguines. Deforestation along Transects 1 and 2 has led to a huge percentage of dead
in Cortecito, with over 1 in every 4 trees surveyed being dead.

% % % % %
Broadlea Fern Palm Pine Dead
CO 85.5 51 91 03 27.2
Cusucc 74.9 19.5 3.6 1.8 127
Tee percentage breakdown for Cortecito and all survey sites in 2017

ii) Comparison with 2016
No measured variables were found to have significantly changed at Cortecito sites between 2016 ar
however the mean values for canopy score, stumpsrgsican bamieen to have greatly increased.

Soil
Elevatior Tree GBH Leaf Litte Density Canop' Saplings Cut
(m) count (cm) depth (mm) (mm) Score perm? Stumps sapling
CO_201¢ 1463.0 514 55.2 415 374 6.8 1.58 6.7 4.6
CO 201 1463.0 51.7 58.3 37.1 35.1 9.4 0.68 21.4 528

Mean values for Cortecito in 2016 and 2017

Percentage cover of the various tree categories were roughly unchanged between 2016 and
meanwhile the percentage of dead trees was found to have more than doubled.

% % % % %
Broadlea Fern Palm Pine Dead
CO_201( 86.3 43 94 0.0 129
CO_201" 85.5 51 9.1 03 27.2
Tree percentage breakdown for Cortecito in 2016 and 2017

These trends are due to the complete deforestation of an additional site in Cortecito (Transect 2 Si
2017, and the lack of data collected on previously deforested sites (Transect 1 Sites 1, 2, 3) in 201¢

Danto

i) Comparison with all Cusuco survey sites
Danto survey sites are situated between 1536m and 1724m above sea level and on averag
approximated$m higher than the average elevation for all sites surveyed across the Park. Survey si
Danto show no significant difference in leaf litter depth, canopy openness, s&pbngtmopt per m
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count when compared to all Cusuco survey sitestrelweuat (t=2.755, df=15, P>0.05) and

soil density depth (t=3.618, df=79, P>0.05) were found to be significantly higher at Danto sites than
all sites in the Park. Danto is the only camp to show a significantly different soil dersail value to the
Cusuco mean. Additionally, GBH (t=2.648, df=1369, P>0.05) and cut sapling count (t=5.163, df=15
P>0.05) were both found to be significantly lower at Danto sites than at all survey sites.

Sol
Elevatioi Tree GBH Leaf Litte Density Canop' Saplings Cut
(m) count (cm) depth (mm) (mm) Score perm2 Stumps saplings
DA 1615.5 85.6 47.2 53.9 45.2 3.9 0.83 3.9 3.3
Cusucc 1581.8 65.0 49.9 51.8 38.1 4.4 0.84 4.9 10.0

Mean values for Danto survey sites and all survey sites in 2017

Danto has a high pergergaver of tree ferns and palms when compared to Cusuco averages, but is s
dominated by broadleaf trees. There were no pine trees found at Danto survey sites. The percentag
trees found in Danto was slightly above average for the Park.

% % % % %
Bradleaf Fern Palm Pine Dead
DA 61.8 285 96 0.0 136
Cusucc 74.9 195 36 1.8 127
Tree percentage breakdown for Danto and all survey sites in 2017

i) Comparison with 2016
In Danto survey sites leaf litter depth (t=5.582, df=79, P>0.05¢asitystéadh (t=4.613, df=78,
P>0.05) were both found to have significantly increased between 2016 and 2017, with all other var
not significantly changed.

Soil
Elevatior Tree GBH Leaf Litte Density Canop) Saplgs Cut
(m) count (cm) depth (mm) (mm) Score perm? Stumps saplings
DA _ 2016 1607.7 75.6 48.2 34.7 32.6 2.8 0.69 134 84
DA 201% 16155 85.6 47.2 53.9 45.2 3.9 0.83 3.9 3.3

Mean values for Danto in 2016 and 2017

Percentage tree cover in Danto was found to have shifted slightly between 2016 and 2017 with a d
in tree f@ cover and an increased in broadleaf cover. The percentage of dead trees found at surve
was similar for both years.
% % % % %
Broadlea Fern Palm Pine Dead
DA_201E 55.7 347 9.6 0.0 127
DA 2017 61.8 285 96 0.0 13.6
Tree percentage braeakdor Danto in 2016 and 2017
lone site was surveyed in each year but not the other
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Guanales

i) Comparison with all Cusuco survey sites
Guanales has the highest range of elevation of any camp, with survey sites situated between 119
1964m above sezeleOn average these sites are approximately 80m below the average elevation fc
sites surveyed across the Park. Guanales sites showed no significant difference in GBH, soil densit
or sapling count pémhen compared to all survey siteveddhvere was a significantly higher leaf
litter depth (t=3.209, df=104, P>0.05) than at all survey sites; along with a significantly lower tree co
(t=1.956, df=20, P>0.05), canopy score (t=17.184, df=104, P>0.05), number of stumps (t=15.075,
df=20, P-0.05) and number of cut saplings (t=8.812, df=20, P>0.05). All of these trends correspond
to the highly undisturbed nature of the habitat surrounding Guanales camp.

Soil
Elevatior Tree GBH Leaf Litte Density Canop' Saplings Cut
(m) count (cm) depth (mm) (mm) Score perm2 Stumps saplings
GU 1499.4 57.3 50.5 61.0 39.9 1.7 0.93 1.0 2.9
Cusucc 1581.8 65.0 49.9 51.8 38.1 4.4 0.84 4.9 10.0

Mean values for Guanales survey sites and all survey sites in 2017

Guanales is almost entirely dominated by trezeledth below average percentage cover of pines
and well below average cover of tree ferns and palm trees. The percentage of dead trees found in (
€u Ebtf Fbi'E %}b (821 8Eb28ub YAb %*' %}b O8Se+ u }Eu}tE A.Y

% % % % %
Broadlea Fern Palm Pine Dead
GU 91.3 6.0 12 12 82
Cusucc 74.9 195 36 1.8 127
Tree percentage breakdown for Guanales and all survey sites in 2017

i) Comparison with 2016
In Guanales leaf litter depths (t=4.948, df=99, P>0.05) and soil density depiidf{8.73
P>0.05) were found to have significantly increased from 2016 to 2017, whilst canopy openness (t=4.
YnkZZV (x1¢lp PEU*€NE€EO8%FIE YbO2b8ubY¢ %}b2 E82€8Ftbu E

Elevatior Tree GBH Leaf Litte Soil Densit Canop) Sapling: Cut

(m) count (cm) depth (min (mm) Score perm? Stumps saplings
GU_201€ 1500.7 56.6 50.0 41.0 33.6 3.8 0.73 0.6 1.9
GU_2017 14994 57.3 50.5 61.0 39.9 1.7 0.93 1.0 2.9

Mean values for Guanales in 2016 and 2017
Tree percentage cover and percentage of dead trees in Guanales was unchanged between 2016 a
% % % % %
Broadlea Fern Palm Pine Dead
GU_201€ 90.7 60 13 19 7.8
GU_201%7 91.3 60 12 12 8.2
Tree percentage breakdown for Guanales in 2016 and 2017
Yone additional site was surveyed in 2017
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Summary

i) Comparisons with all Cusuco survey sites
- Camps affected most heavily by deforestation (Buenosdiod sBo@edeelow average numbers
of trees per site along with above average GBH values, however the most undisturbed site (Guana
showed below average numbers of trees per site
- Camps at higher elevations (Cantiles & Danto) showed teadpptisaddve average numbers
of trees per site along with lower average GBH values
- Leaf litter depth was below average for the most disturbed sites in the Park (Buenos Aires & Cor
and above average for the most undisturbed site ind@halPsyrk (Gu
- Soil density depth differed from the Cusuco average at only one site (Danto)
- Canopy openness score was lower than average at more undisturbed sites (Base Camp, C:
Guanales) whilst being higher than average at the most disteriesiAites €8T ortecito)
- The average number of stumps and cut saplings across the Park was heavily influenced by the larg
of each seen in Cortecito survey sites. When removing Cortecito sites from the analysis only Buenc
has a noticeabl#atence in these two values, with higher than average values for both.
- Sapling count pehwas no different to the Cusuco average at any camp

ii) Comparisons with 2016
- Leaf litter depth was found to have increased at the 4 more undisturbecsi@sniBaselizanto,
Guanales) between 2016 and 2017
- Soil density depth was found to have increased at 3 of the more undisturbed sites (Cantiles, [
Guanales) between 2016 and 2017
- Canopy openness was found to only have changed at theuPbmositesdiSantiles & Guanales)
between 2016 and 2017, with canopy openness reducing in Guanales whilst increasing in Cantiles.
- In Base Camp and Buenos Aires the number of cut saplings was found to have increased betwe
and 2017, and the peagenof dead trees had risen by approximately a third, suggesting an increast
level of human disturbance at these camps.
- Tree count per site, mean GBH, sapling c8uahgerumber of stumps per site were found to have
not changed at any camp b&@kegiand 2017.

9.7BatsEnd of 2016 Season Report by Dr. Pamela Thompson and Dr. Kevina Vuline

MistNet Report

The bat team conductedmaighg and acoustic surveys for bats omeé8 migéits, across six sites

in Cusuco National Park duriSgrtitaer 2016 season (16 Junej20AGgust 2016). Members of

the bat team