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Abstract 

 
Neotropical cloud forests are some of the most biodiverse and yet threatened 

ecosystems. Terrestrial mammals play key roles delivering numerous ecosystem 

services within such systems including seed dispersal and nutrient cycling. Yet like the 

habitat in which they reside, some mammal species are also highly threatened; 

sensitive to deforestation and hunting. Protected areas are a cornerstone of 

conservation policy and National Parks have notionally one of the highest status 

designations, yet in many instances such designation may not be effective in 

conserving biodiversity. This study assessed the efficacy of Cusuco National Park in 

preserving Neotropical cloud forest mammal fauna in northwest Honduras, Central 

America. A comprehensive list of all non-volant mammal species was assembled, 

reflecting a highly biodiverse ecosystem. The park’s more protected core zone was 

more biodiverse with high mammal abundance than its less protected buffer zone. 

Species Distribution Models (SDMs) suggested that anthropogenic pressures were the 

principal driving factors in determining species ranges throughout the park rather 

than local environmental variation. General Additive Models (GAMs) were used to 

assess temporal trends in mammal populations revealing all groups, most notably 

large hunted species, declining dramatically in recent years with near complete 

mammalian defaunation of the park predicted as early as the mid-2020s. Analysis of 

camera trapping surveys indicated that large mammalian species detections were 

negatively associated with proximity to scientific research stations. Additionally 

smaller species were negatively associated with proximity to survey transects used for 

monitoring and surveillance of mammal tracks and signs. These results suggest a need 

for conservationists to be mindful of the impact of their activities on the systems they 

aim to protect. Analysis of satellite imagery captured widespread deforestation within 

the park with the highest rates of loss in recent years. Under ‘business-as-usual’ it is 

predicted that 20% of forest within the park will be lost by 2040. Areas of greatest 

forest cover are most likely to be lost especially in the northeast of the park’s buffer 

zone. Spatial predictions of the probability of both mammal occurrence and 

deforestation risk should empower government, law enforcement, forest managers and 

conservation organisations to target conservation resource investment into enforcing 

legal protections in-and-around villages associated with greatest risk of illegal 

activities. 
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1.1 Global Ecocide in the Anthropocene 

 

Earth’s current geological epoch, the Anthropocene (1945 to present), includes among 

major human impacts on the planet’s systems: the current biodiversity crisis and global 

climatic breakdown attributed to human population growth and consumption. Global 

climate change has received much media attention and although responses by 

Government, big business and industry are insufficient to arrest affective change, the 

public are nonetheless increasingly aware of the urgent need for action. The concurrent 

biodiversity crisis, also referred to varyingly as global ecocide, biosphere collapse, or 

the 6th Mass Extinction (Ceballos et al., 2015, Dirzo and Raven, 2003, Ceballos and 

Ehrlich, 2002) remains less well covered in the media with the public largely ignorant 

of the scale of plant and animal population losses and/or extinction rates requiring 

equally, or arguably more urgent action (Barnosky et al., 2011, Dirzo et al., 2014). To 

understand the urgency of this issue it is important to recognize that biodiversity 

matters beyond its emotive or aesthetic appeal. The significance of biodiversity to 

human wellbeing can be broken down into four broad categories of ‘ecosystem 

services’; i) support and ii) regulation of biological processes, iii) provisions, and iv) 

cultural benefits (WWF, 2018). 

Biodiversity supports nutrient cycling, photosynthesis (primary production) and 

soil formation; it is important for regulating air quality, climate, water, soil erosion, 

waste treatment, disease and pest control, pollination and moderating extreme events 

such as water storage in flood mitigation (WWF, 2018, e.g. Fig. 1.1). Biodiversity is 

also vital in provisioning food, raw materials, pharmaceuticals and potable water as 

well as providing for spiritual, religious, aesthetic, recreational, physical and mental 

wellbeing (WWF, 2018, e.g. Fig. 1.1). 
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Fig. 1.1. (A) Echidnas are just one species that play an important role in soil formation (Davies 

et al., 2019). (B) Mangroves provide important structural roles in flood defences in coastal 

areas during extreme events (Narayan et al., 2016). (C) Pine species (ocote) are favoured in 

Central America for their fire lighting properties (Dvorak et al., 2005). (D) Howler monkeys 

were considered deities in Mayan culture (Braakhuis, 1987). 

 

 

 

There has been an average 60% decline in the abundance of global wildlife since 1970, 

with up to an average 89% loss in the Neotropics (WWF, 2018; Fig. 1.2). The 

International Union for the Conservation of Nature (IUCN) lists 27,159 species under 

threat from extinction; over a quarter of those assessed (IUCN, 2019), with recorded 

species extinctions between 100 to 1,000 times greater than natural background rates 

(Ceballos et al., 2015) and over 1 million species projected at risk of being lost (IPBES, 

2019). The staggering scale of current biodiversity loss has lead E.O. Wilson to suggest 

the next geological epoch may be the “Eremozoic era” or age of loneliness (Wilson, 

2006) where ecosystems are irrevocably altered with severe, unpredictable, global 

consequences (Hooper et al., 2012, Steffen et al., 2011). 
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Fig. 1.2 Average declines in the abundance of vertebrates (derived from the Living Plant 

Index) within each biogeographical realm from 1970-2014 (WWF 2018). The global average 

was -60%. Note the highest average decline was -89% in the Neotropics. 

 

 

 

Biodiversity loss is driven by five broad categories of threat: i) habitat degradation and 

loss, ii) overexploitation (e.g. overhunting), iii) invasive species and disease, iii) 

pollution, and iv) climatic change (see Table 1.1 for evidence-based case study 

examples). It is through quantification of threats within specific systems, taxa and/or 

geographical regions that conservation efforts to decelerate loss may be formulated 

(Driscoll et al., 2018). 



 

 

 

 

 

 

 

Table 1.1 Evidence-based case study examples demonstrating major global threats to biodiversity drawn from the Neotropics. Note that threats are non- 

independent and highly correlated in many instances. 
 

 
Global threat Example from the Neotropics Consequence Reference 

Habitat 

degradation and 

loss 

In the southern most region of the jaguar’s (Panthera onca) range, on- 

going deforestation has led to loss of suitable habitat. 

Loss of genetic diversity that decreases viability of remnant 

populations. 

(Thompson and Velilla, 

2017) 

A disused, non-paved road caused changes to herpetofauna diversity and 
abundance in Ecuadorian rainforest. 

The lasting edge effect of roads was uncovered even in spite of no 
compounding factors such as noise or direct collisions. 

(Maynard et al., 2016) 

Overexploitation 

(e.g. overhunting) 

Intense hunting in some areas of Brazilian Atlantic forest. The area has the capacity for high abundance and diversity of 

mammals, but overhunting may cause loss of biodiversity through 
total local extirpation and thus loss of ecosystem function. 

(Bagchi et al., 2018) 

Cascading effects of local extirpation of white-lipped peccary (Tayassu 

pecari) on non-target mammal species (rodents). 

Functional loss of non-predator caused rodent population 

diversity to shift and become dominated by two species with 
disease-related implications for human health. 

(Galetti et al., 2017) 

Invasive species 

and disease 

Wild boar introduction to Brazilian Atlantic fragmented forests. Decreased the ability for regeneration of forest through seed 

predation at much higher levels than related native species (i.e. 
peccaries). 

(Brocardo et al., 2018) 

The consequence of the disease induced by Batrachochytrium 

dendrobatidis for amphibians of highland Panama was investigated and 

linked to population declines. 

This study showed the direct consequence of the fungus within 

Panama highlighting that Bd (or chytrid fungus) has caused 

amphibian declines globally and demonstrating that it has likely 
caused loss of swaths of herpetofuanal diversity. 

(Crawford et al., 2010) 

Pollution Mercury pollution as a consequence of gold mining in Madre de Dios, 
Peru. 

Risk of poisoning to amphibians particularly concerning due to 
the impact of pollution to highly diverse watersheds. 

(Markham and 
Sangermano, 2018) 

Microplastics found in an Amazonian cichlid. Shown to cause a decrease in predatory performance, digestion 
functioning and energy production. 

(Wen et al., 2018) 

Climate 

breakdown 

Future exposure to changing climate was modelled for mammals in 
Brazilian Amazon. 

Over 80% of species modelled will have the majority of their 
range affected by non-analogues climate change. 

(Ribeiro et al., 2016) 

Future prospects of hummingbird distributions were modelled using 

records for Ecuador. 

Likely changes to assemblages including loss of some are 

predicted creating complications for current and future 
conservation actions. 

(Graham et al., 2017) 
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1.2 Terrestrial mammals 

 

Species of the class Mammalia encompass a wide variety of life history traits; thus, 

the various terrestrial orders of this class provide numerous ecosystem services that 

are particularly important to, for example, forested ecosystems (Corlett and Hughs, 

2015). Mammals provide regulatory, regenerative, structural and dynamic ecosystem 

services (Corlett and Hughs, 2015). Seed dispersal by frugivorous mammals is 

important for promoting diverse, healthy forests that are less vulnerable to damage, 

i.e. from fire or disease, as well as being capable of maintaining diverse systems of 

flora and fauna (Kurten, 2013, Villar et al., 2019). Carnivorous mammals are 

important for their top-down roles in maintaining food webs and regulating trophic 

cascades, which is why loss of top carnivores ultimately damages and/or threatens 

forests (Ripple et al., 2014). 

Globally, 32% of land vertebrate species have been in decline since the turn of the 

20th century with mammals experiencing comparable losses with up to 40% 

experiencing acute loss of abundance (Ceballos et al. 2017). Likely total local 

extinction (extirpations) for numerous mammal species is indicative of general range 

contraction throughout the class (Ceballos et al., 2017; Smith et al., 2019). Loss of 

terrestrial mammals is highest in the Neotropics and Southeast Asia (Ceballos et al. 

2017). 

Both local and total extinctions of terrestrial mammals can lead to forested systems 

being increasingly vulnerable (Bagchi et al., 2018). Monitoring and surveillance of 

terrestrial mammals, particularly those at threat from habitat fragmentation (leading to 

several artificially separated patches within proximity to one another) and islandised 

isolation (leading to a singular distinct unaltered patch unlike the landscape in which 

they are present) is necessary to establish the current conservation status of remaining 
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remnant communities and populations. As the adage goes: “think global, act local”; 

that being said, the extent of the need for conservation and recovery cannot be 

underestimated (especially as pre-industrial mammal diversity was already critically 

diminished; Davis et al., 2018). Thus there is an imperative to maintain mammal 

diversity (Davis et al., 2018) particularly in forested systems in light of the increased 

global loss of primary forest (e.g. frugivores play key roles in forest regeneration; 

Nagy-Reis et al., 2017), demonstrating a negative feedback loop in maintaining forest 

cover. 

 

1.3 Habitat degradation and loss 

 

It is predicted that the shift from wild to human-impacted biomes has led to over 50% 

of terrestrial biomes being anthropogenically degraded since the industrial revolution 

(Ellis et al., 2010). Satellite remote-sensing data on global forest cover has revealed 

worsening rates of forest destruction over the past 20 years (Hansen et al., 2013; Fig. 

1.3) with a peak in forest loss during 2016-17 globally as well as locally within, for 

example, the Central American country of Honduras (Fig. 1.3; Global Forest Watch, 

2019). 
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Fig. 1.3 Tree cover loss 2001-2018 in hectares extracted from Global Forest Watch (Hansen 

et al., 2013). Solid black line is annual global tree cover loss; dashed line is loss for the Central 

American country of Honduras. 

 

Central and South American rainforests face multiple threats (Brooks et al., 2002, 

Cayuela et al., 2006) arising from their vulnerability to clearance for farming (Gomez- 

Diaz et al., 2018, Rompre et al., 2008), susceptibility to local subsistence level fuelwood 

extraction and local human population growth associated with road construction and 

increasing rural and urban development. Fuelwood use diminishes with greater 

urbanization (affluence) but is counteracted by a subsequent increase in highway 

(Laurance et al., 2014a), hydroelectric dam (Benchimol and Peres, 2015) or mine 

construction (Perez-Escobar et al., 2018, Sonter et al., 2018). Outside the contiguous 

expanse of the Amazon, remaining rainforest systems are typically shrinking remnant 

fragments (Haddad et al., 2015). 

Although, deforestation of native (primary) forests continue, there has been an 

overall increase in tree cover due to increases in secondary regrowth (reforestation), 

agroforestry (plantations), afforestation and woody (shrub) cover (Song et al., 2018). 

However, there is some debate over precise trajectories of forest loss and gain as 
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satellite data may miss more subtle and nuanced processes such as fine-scale 

degradation and fragmentation (Skutsch et al., 2011). 

Habitat fragmentation, by discontinuous deforestation demonstrated by so- called 

‘fishbone’ spatial patterning on satellite land-cover images associated with branching 

road construction (Fig. 1.4), negatively impacts biodiversity beyond simple loss of 

habitat extent. Populations become artificially isolated from one another (Makki et al., 

2013); individuals can be restricted to smaller home ranges than required (Jordan et 

al., 2016) and human-wildlife conflicts increase (i.e. crop raiding etc.; Laurance et al., 

2015). Roads increase mammalian mortality through collisions with vehicles (Caceres, 

2011, Poot and Clevenger, 2018) whilst providing greater forest access fuelling 

deforestation, product extraction, and hunting (Constantino, 2016, Espinosa et al., 

2018, Wilkie et al., 2000). Roads also change wild animal behaviour, for example, 

jaguar and puma have been shown to utilise newly constructed roads within days as 

they provide linear features that can be utilised for hunting, which in turn increases 

vehicle collision risk and concentrates depredation nearby road corridors (Tobler et 

al., 2018; Kertson et al., 2011).  
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Fig. 1.4 The ‘fishbone’ pattern of deforestation associated with roads and farm establishment 

in Rondônia, west Brazil; one of the most deforested parts of the Amazon. By 2003, an 

estimated 67,764 km2 (an area larger than the US state of West Virginia) had been cleared. 

Image is from NASA’s Terra satellite MODIS (Moderate Resolution Imaging 

Spectroradiometer); see https://earthobservatory.nasa.gov 

 

 

Deforestation has also induced species range contractions, for example, species native 

to cloud forests are naturally isolated on mountain tops making them particularly 

vulnerable to upslope range shifts due to increasing threats from surrounding lowlands 

(Aldrich et al 1997). This in turn makes forest fragments increasingly vulnerable to 

other threats, principally road construction and hunting of terrestrial mammals 

(Constantino, 2016, Espinosa et al., 2018, Wilkie et al., 2000). 

Deforestation is the second leading cause of atmospheric carbon enrichment 

(Nabuurs et al., 2007), thus a key contributor to global climate change (see below). 

Halting deforestation is as important as controlling industrial CO2 emissions in 

mitigating climate change impacts (Poorter et al., 2015, Sullivan et al., 2017). 

Deforestation is also responsible for the loss of stable substrates (soils), particularly 

in mountainous regions, resulting in increased soil erosion, surface run-off, 
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sedimentation and contamination of potable water (Khatri and Tyagi, 2015). The loss 

of naturally clean water can lead to increased incidences of human ill health with 

associated economic consequences and further increases in carbon emissions due to 

the need to transport and supply water regionally if local sources are lost (Cutillas et 

al., 2019). 

 

 
1.4 Overexploitation 

 

Beyond habitat degradation and loss, terrestrial mammal population (over)exploitation 

is a major threat. Food insecurity results in local peoples hunting ‘bushmeat’ (wild 

mammal protein) within forest ecosystems resulting in defaunation and so-called 

“empty forests”, most notably in Central and West Africa (Redford, 1992, Wilkie et 

al., 2011, Ripple et al., 2016). The practice is also widespread in other regions, for 

example, Central and South America (Suarez and Zapata-Rios, 2019). Species targeted 

for bushmeat (for example, peccaries or deer) are often key in shaping forests through 

herbivory (browsing), nutrient cycling (defecation, death and decomposition), energy 

transfer (being preyed upon), seed dispersal and so on, further damaging already 

threatened systems (Kurten, 2013). 

With respect to global mammals, exploitation by humans has ultimately led to a 

reduction in mean body size across extant groups (Smith et al., 2018) with the loss of 

(typically) larger-bodied mammals (Smith et al., 2019, Cooke et al., 2019) in particular 

large herbivores (Ripple et al., 2015). Such changes to populations and characteristics 

of mammal communities cause ecosystem-wide functional effects and collapse 

(Ripple et al., 2015, Smith et al., 2019, Cooke et al., 2019) 

Within Neotropical forests mammalian defaunation through hunting is a notable 

threat (Benitez-Lopez et al., 2019) that can be highly complex (Suarez and Zapata-

Rios, 2019) and ultimately detrimental to overall ecosystem function (e.g. Galetti et 
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al., 2015) whilst compounding other drivers of biodiversity loss (Brook et al., 2008, 

Culot et al., 2017). 

The overall ability to predict hunting patterns on a geographical basis within the 

Neotropics may be nuanced (Stafford et al., 2017), and there may be an overall trend 

for species loss, however, the opportunity to combat total faunal collapse remains 

(Dirzo et al., 2014). 

 

 

1.5 Global climate breakdown 

 

Quantification of anthropogenically-induced global climate breakdown has 

demonstrated that changes to the global climate between 1880 and 2012 have produced 

an average temperature increase of 0.85°C (IPCC, 2014). This has led to more frequent 

extreme climate events, species range shifts and species extinctions (IPCC, 2014); 

including the first mammalian extinction, the Bramble Cay rat (Melomys rubicola) from 

an island off Australia, directly linked to anthropogenic climatic change (Waller et al., 

2017). Projections in the way climate breakdown may develop have been created 

providing indications of potential future trajectories under differing scenarios i.e. 

‘business-as-usual’, reduced emissions or increased emissions (IPCC, 2014). Even 

under various reduced emissions scenarios, consequences of change have already been 

realised and some are potentially unavoidable (IPBES, 2019). 

Consequences to biodiversity are numerous. For example, climate change causes 

species range contraction, shift, increased risk of extinction (Thomas et al., 2004) and 

population declines (Spooner et al., 2018). A major issue is the rate of change 

outpacing the ability of populations to adapt (Wiens, 2016). 

Rainforests are vulnerable to climate change due to predicted shifts to rainfall and 

other weather patterns (Malhi et al., 2008, Betts et al., 2004). For example, intensified 
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loss of Amazonian forest has been linked to climatic drying (Zemp et al., 2017) and 

increased risk from invasive plants following storms (Murphy and Metcalfe, 2016). 

Furthermore, climate change can be compounded by other threats such as deforestation 

(pertinent for rainforests) as shown by the collapse of major sections of the Mayan 

civilisation resulting from rainfall pattern shifts, due in part, to local deforestation 

(Kennett and Beach, 2013). Moreover, climatic (from temperature changes) and 

physical (from forest loss) species range contractions have synergistic effects whereby 

if local climate becomes less suitable in an already degraded habitat for a species 

capable of ecosystem engineering then the ability for that habitat to regenerate post-

disturbance may be lost (Travis, 2003). This is coupled with defaunation within intact 

forests reinforcing the negative impacts of climatic change (Brodie and Gibbs, 2009) 

due to reduced carbon sequestration where ecosystem functioning is degraded. 

Mountainous cloud forests are especially at risk from the consequences of climate 

change (Chu et al., 2014, Oliveira et al., 2014, Aparecido et al., 2018) as habitats and 

species are pushed to higher elevations.  Lower range edge margins will be affected 

by increases to temperatures as elevational limits will move in an upslope direction 

reflecting changes to elevation location of upper thermal tolerances (Pouteau et al., 

2018). 

 

 

1.6 Neotropical cloud forests 

 

Tropical forests are simultaneously the most biodiverse (Myers, 1984) and the most 

threatened ecosystems globally (Bradshaw et al., 2009). Continued negative trends in 

habitat extent and quality as well as an increase in the number of threatened species 

alongside increasing numbers of invasive species in the tropical forests of Central 

America over the past 40 years are largely driven by agriculture, biological resource 
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use and residential and commercial development amongst other factors (Cavender- 

Bares et al., 2018). Central America accounts for 6% of the land mass of the Americas 

yet holds 32% of terrestrial mammal species (Cavender-Bares et al., 2018). Of all 

species across all taxa in the region, 22% are threatened of which 44% are endemic 

(Brooks et al., 2016). 

Neotropical cloud forests, part of the Mesoamerican biodiversity hotspot (Olivet 

and Asquith, 2004) are located within the Panamanian biogeographical realm (Myers 

et al., 2000), the site of the “Great American Interchange” (Wallace, 1876) during 

which species dispersed north from the Neotropics and south from the Nearctic after 

the emergence of the Panamanian isthmus (Marshall et al., 1988). Cloud forests are 

(sub/)tropical evergreen montane moist forest that experience regular immersion in 

cloud/mist at the canopy level promoting near-year round 100% humidity which 

account for less than 2.5% of global tropical forested habitats (Stadtmüller, 1987; 

Scatena et al., 2010). The high level of cloud cover produces phenomena known as 

horizontal precipitation and lateral cloud filtration, allowing vegetation to receive 

moisture that would not have arrived as precipitation (Scatena et al., 2010), and such 

filtration means that levels of ground and surface water in these forests are higher than 

would be the case in the absence of trees. They are generally high altitude with those 

of the humid tropics located from 500 to 3500 a.s.l  and although climates vary, typical 

average temperature is 17.7°C and annual rainfall 2200mm (Stadtmüller, 1987; 

Scatena et al., 2010). In the case of Neotropical cloud forests, high biodiversity results 

from their physical isolation, on mountain summits, and high humidity promoting 

moisture specialist flora combined with their aforementioned geographical location, which has 

led to high rates of endemism across numerous taxa (Bruijnzeel et al., 2010). 

Cloud forests are highly threatened (Higuera et al., 2012; Rojas-Soto et al., 2012), 
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in common with forests globally, by human encroachment, deforestation, forest 

degradation (e.g. fuel wood collection), hunting for bushmeat (e.g. food insecurity), 

road construction and climate change (Foster, 2001, Luna-Vega et al., 2001, Ponce- 

Reyes et al., 2013, Pouteau et al., 2018). All compounded by altitudinal isolation 

(Rojas-Soto et al., 2012, Ponce-Reyes et al., 2012) and the topographical complexity 

of cloud forest ecosystems (González-Maya et al., 2017). Despite the scale of 

biodiversity loss in the Neotropics, the limited extent of cloud forests, and the 

multiplicity of threats to and the losses of terrestrial mammals, there is nevertheless a 

paucity of empirical data on the conservation status of terrestrial mammals in isolated 

remnant Neotropical cloud forest fragments (Benítez-López et al., 2017). In many 

systems it is not known what species are present (the local ‘Linnean shortfall’), the 

extent of their ranges (the local ‘Wallacean shortfall’), and variation of their relative 

abundance across space and time (population biology) or how these are impacted by 

ongoing threats from habitat degradation and loss (deforestation) and overexploitation 

(hunting). 

 

 

 

1.7 Cusuco National Park, Honduras 

 

Parque Nacional Cusuco (hereafter, Cusuco National Park) is 23,440 hectares of 

protected land in the Sierra de Omoa, a mountain range of the Merendón mountain 

system, Cortés, north- west Honduras (15°32′31″N, 088°15′49″W; Fig. 1.5). It is listed 

as the 123rd most irreplaceable (48th considering threatened taxa alone and 25th for 

amphibian diversity) protected area globally out of 173,000 designated sites (Le Saout 



Chapter one 

16 

 

 

et al., 2013). The Honduran Government designated it under the Water Protection Act 

87-87 in 1987 (ICF, 2015). The Sierra de Omoa are isolated by the alluvial Sula valley 

to the east and the Río Chamelecón valley to the south and southeast, the Río Motagua 

alluvial plain to the west and northwest and the Bahía de Omoa to the north. The park, 

a mountainous cloud forest region, rises to 2,240m above sea level, annual 

precipitation is 2,788mm, with mean monthly temperatures ranging from 12.9°C in 

December to 20.2°C in April (Fundación Ecologista, 1994). There are four principal 

habitats within Cusuco National Park; i) tropical lowland dry forest, ii) tropical moist 

forest, iii) montane (cloud) forest and iv) ‘bosque enano’ (dwarf forest) occurring 

>2,000m. 

 

Fig. 1.5 Cusuco National Park, Honduras (15°32′31″N, 088°15′49″W). Grey triangles = 

recording stations, black lines = transects, dotted line = core zone delineation. Core zone camps;   

Base   camp   (15°29ʹ47ʺN,   088°12ʹ43ʺW),   Cantiles   (15°30ʹ48ʺN,   088°14́30̋W), Capuca    (15°30ʹ37ʺN,    

088°12ʹ55ʺW),    Cortecito    (15°31ʹ24ʺN,    088°17ʹ19ʺW),    Danto (15°31ʹ42ʺN, 088°16ʹ39ʺW), Guanales 

(15°29ʹ19ʺN, 088°14ʹ03ʺW) and buffer zone camps; Buenos Aires (15°29ʹ59ʺN, 088°10ʹ46ʺW) and Santo 

Tomas (15°33ʹ42ʺN, 088°18ʹ01ʺW). 
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Originally designated (ICF, 1987) to protect the water source of the nearby city of 

San Pedro Sula with an urban population of ~700,000 (INE, 2013), the park has two 

levels of zonal protection; a core zone of 7,690ha surrounded by a buffer zone of 

15,750ha. This zonal delineation occurred during 1994, designed by the Corporación 

Hondureña de Desarrollo Forestal (COHDEFOR), implementing a park management 

plan where in the ‘core zone’ agriculture, burning, mining, hunting, construction of 

roads, houses, or commercial, public and private institutions or any human settlements 

are not permitted (ICF, 1987). In the 1950s, much of the area now designated was 

heavily exploited for timber but post-designation, has undergone secondary 

reforestation. In the ‘buffer zone’ construction of human settlements, excluding those 

that existed before the implementation of the management plan, are permitted but only 

under license as well as limited livestock grazing, burning, deforestation, mining, 

fishing, housing and road construction. Subsistence hunting may be permitted in this 

area but only if a permit is obtained, which requires travelling to San Pedro Sula, the 

regional administrative capital (a minimum of 4 hours travel away), and requires 

applicants to be literate, have an understanding of the relevant paper work and 

transport; consequently, bushmeat hunting is unlicensed and, therefore, illegal. 

The forests within the Merendón mountain range are impacted by increasing 

fragmentation from logging, road construction and settlement expansion in recent 

years (Martin and Blackburn, 2009). Educational programs have targeted local 

villagers in the park’s buffer zone in an attempt to curtail ongoing deforestation with 

respect to improving the region’s water holding capacity, slowing percolation of 

rainfall after storms and preventing downstream flash flooding of urban areas. 
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Notionally, protected areas are important pillars at the forefront of conservation 

strategy (Gray et al., 2016) as well as facilitators for fostering other conservation 

actions (Oldekop et al., 2016). National Parks typically have some of the highest levels 

of protection of any designation status. However, a lack of comprehensive protection 

of regional biodiversity in some areas leaves many species vulnerable in spite of being 

apparently (yet superficially) well protected (e.g. the Tropical Andes may appear to 

have an above-target percentage of land protected but what lies outside protected areas 

includes many of the region’s most vulnerable species; Bax and Francesconi, 2019). 

There is a lack of local enforcement of protection and no (or very few) prosecutions 

meaning that Cusuco National Park may represent little more than a “paper park” 

(Martin and Blackburn, 2009). Bushmeat hunting is locally common from August to 

September when the fruit preferred by lowland paca (Cuniculus paca), a key target 

species, are ripe and have fallen to the forest floor acting as bait, whilst deforestation 

occurs converting land to agriculture including crops (e.g. maize etc.) and forest 

degradation occurs due to continuous low-level fuelwood extraction (subsistence 

heating). For a brief period, armed military patrols were implemented but were 

localized and infrequent (Franklin Castañeda pers. comm.). Much of the forest loss in 

Cusuco National Park has taken place in the west of the park; an area of (dangerous) 

conflict between local peoples and under-resourced army patrols resulting in the 

subsequent cessation of patrols in the west. 

Operation Wallacea Ltd. conducts annual biodiversity monitoring and surveillance 

at numerous sites across the globe, under a tuition-fee based funding approach in order 

to resource logistics, research and localized conservation projects. Their ethos is 

“conservation research through academic partnership” and they manage a global 

network of academics who design and implement biodiversity monitoring and 
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surveillance programmes on research expeditions at 25 sites across the globe for the 

purposes of conservation management (www.opwall.com). Students join the 

programme either to gain experience as a Research Assistant or to collect data for an 

undergraduate dissertation, masters or PhD-level thesis. Participating academics 

benefit from funding for fieldwork enabling them to publish peer-reviewed papers. 

This model enables the collection of long-term temporal and large-scale spatial 

biodiversity datasets used for assessing the effectiveness of conservation management 

interventions. 

Since 2006, eight research stations (camps; flat areas, cleared of vegetation, near to 

a water source, allowing tents and hammocks to be erected temporarily for the season) 

were established throughout Cusuco National Park, six within the core zone and two 

in local villages within the buffer zone (Fig. 1.5). Typically, three Opwall core staff, 

60 local support staff, 70 research scientists and 200 students are on site each year 

(approximately 330 people in total). The number of people at each research camp 

fluctuate between weeks throughout the survey season as staff and students come and 

go. 

A network of line transects was established by annually cutting (with machetes) up 

to four approximately 2km transects radiating out from each camp along natural 

features including valley bottoms or ridges that could be relatively easily traversed. 

Transects were established to provide repeatable constant-effort survey sites that are 

monitored for a wide range of taxonomic groups including mammals. Each year, 

annual reports detail the outputs from surveys that allow for broad trends in 

biodiversity and abundance of numerous taxa to be monitored (e.g. Gilroy et al., 2017). 

Herpetofauna surveys involved night and day river and terrestrial transects to 

monitor amphibian and reptile abundance (including collection of swabs for 
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Batrachochytrium dendrobatidis detection). Bird point count and mist net surveys 

monitor avifauna. Species records are collected annually for four invertebrate families; 

Scarabidae (through pit-fall trapping), Sphingidae, Saturniidae and Chrysina sp. 

(through light trapping). Mist netting and more recently, acoustic surveys, monitor bat 

populations. Habitat structure surveys are carried out to assess understory and canopy 

vegetation. Species records for non-volant, terrestrial mammals are collected using 

three techniques: the core monitoring involves the collection of mammal occurrence 

data using tracks and signs (large mammals) and live trapping (small mammals). Since 

2014, camera trapping was incorporated into the large mammal survey to provide 

photographic records of elusive mammals that may be difficult to identify from tracks 

and signs. Whilst scientists led surveys, post-16 school students, undergraduate 

students, dissertation students and local trackers assist. This has led to 98 peer- 

reviewed publications resulting from field research conducted in this manner within 

Cusuco National Park as well as yearly reports and numerous talks at international 

conferences. 
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1.8 Aims & Objectives 

 

The overall aim of this PhD thesis was to establish the current conservation status of 

terrestrial, non-volant, mammal populations in Cusuco National Park and their main 

threats and pressures. The specific objectives were to: 

i. Chapter 2 – use a decade of species-specific tracks and sign surveys, trapping and 

deployment of camera traps to assemble a full species inventory of mammals in Cusuco 

National Park, i.e. What species are present? 

ii. Chapter 3 – use Species Distribution Models (SDMs) to determine local anthropogenic 

drivers of species ranges (e.g. deforestation, distance from villages, roads etc.), i.e. 

Where is each species to be found and what determines its presence? 

iii. Chapter 4 - use General Additive Mixed Models (GAMMs) to generate temporal trends 

in mammal relative abundance over time, i.e. How have populations changed? 

iv. Chapter 5 – use a bespoke camera trapping survey to test where monitoring and 

surveillance itself impacts studied mammal populations, i.e. Do surveys cause 

disturbance? 

v. Chapter 6 – use remote-sensing satellite data to map and model deforestation processes 

using Generalised Linear Models (GLMMs) to identify key drivers (proximity to 

villages, roads etc.), enabling future projections of loss to be made under business-as-

usual, i.e. How much forest has been lost recently, and how much will be lost in the 

future? 

These data and analyses should inform the targeting of proactive and reactive 

conservation strategies, directing local government, conservation NGOs, forest 

managers, and army officials etc. to focus on the most vulnerable areas providing a 

conservation policy evidence-base by which to protect this unique cloud forest and its 

mammalian fauna. Recommendations are made regarding future research and 

protection enforcement activities. Frequently used acronyms can be found in the 

appendix that follows the reference list. 



 

 

Chapter 2 

 
Mammal inventory of 

Cusuco National Park, 

north-west Honduras 

 

 

 

 

 

 

A paper based on this chapter has been published as: 

 
HOSKINS, H. M. J., BURDEKIN, O. J., DICKS, K., SLATER, K. Y., MCCANN, N. 

P., JOCQUE, M., CASTAÑEDA, F. & REID, N. 2018. Non-volant mammal 

inventory of Cusuco National Park, north-west Honduras: reporting the presence of 

Jaguar, Panthera onca (Linnaeus, 1758), and demonstrating the effects of zonal 

protection on mammalian abundance. Check List, 14, 877–891. 

https://doi.org/10.15560/14.5.877 



Chapter two 

23 

 

 

Abstract 

 

Neotropical cloud forests are one of the most biodiverse yet threatened ecosystems 

with deforestation and hunting creating major problems. We report a non-volant 

mammal species inventory for Cusuco National Park, Honduras, spanning 2006–2016. 

Data were collected using 4 methods: tracks and signs, camera trapping, direct 

sightings and live trapping. Recorded species of conservation importance included 

Central American red brocket (Mazama temama (Kerr, 1792)), Baird’s tapir (Tapirus 

bairdii (Gill, 1865)), margay (Leopardus wiedii (Schinz, 1821)), and jaguar (Panthera 

onca (Linnaeus, 1758)); the latter recorded for the first time. Cusuco National Park is 

a site of strategic geographical importance within the Central American jaguar 

corridor. In total, 43 species were recorded from 26 families. We demonstrate the 

impact of zonal protection measures with higher mammal abundance recorded in the 

park’s highly protected core compared to the less protected buffer zone. We advise 

continued monitoring to provide robust time-series of population trends. 
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2.1 Introduction 

 

Neotropical cloud forests form part of the Mesoamerican biodiversity hotspot located 

within the Panamanian biogeographical realm (Myers et al. 2000). Cloud forest is one 

of the most threatened ecosystems (Higuera et al. 2012, Rojas-Soto et al. 2012) due to 

human encroachment, deforestation, forest degradation (e.g. fuel wood collection), 

hunting (e.g. for bushmeat due to food insecurity, reducing family expenditure, sport 

or tradition), road construction, and global climate change (Foster 2001, Luna-Vega 

et al. 2001, Ponce-Reyes et al. 2013) compounded by altitudinal isolation (Rojas-Soto 

et al. 2012). 

Neotropical cloud forests are typified by high altitude, high precipitation and 

regular immersion in cloud (Stadtmüller 1987, Scatena et al. 2010). Parque Nacional 

Cusuco (hereafter referred to as Cusuco National Park), in north-west Honduras, is a 

protected high altitude forest within which there are 4 principal habitats; i) tropical 

lowland dry forest, ii) tropical moist forest, iii) montane (cloud) forest and iv) ‘bosque 

enano’ or dwarf forest occurring above 2,000 m a.s.l. Originally granted protected 

status due to its importance as a water catchment (Mejía 2001), the park is recognized 

by the International Union for the Conservation of Nature (IUCN) as a Key 

Biodiversity Area (KBA) due to the overlapping ranges of several globally threatened 

endemic amphibians (BirdLife International 2017). Cusuco National Park is ranked as 

the 123rd most irreplaceable site, from over 173,000 protected areas, for the 

conservation of threatened amphibians, birds and mammals (Le Saout et al. 2013). 

Furthermore, jaguar (Panthera onca (Linnaeus 1758)); an IUCN Red-Listed Near 

Threatened species with a decreasing population trend (Quigley et al. 2017) has gone 

unrecorded in Cusuco National Park, which is considered to be an important and 

critical section of the Central American jaguar corridor (Petracca et al. 2017, Wultsch 
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et al. 2016). Additionally, it has been identified as a regional hotspot and important 

connection node for Baird’s tapir (Tapirus bairdii Gill 1865) (Schank et al. 2017), an 

IUCN Red-Listed Endangered species with a decreasing population trend (Garcìa et 

al. 2016). 

Despite its designation, Cusuco National Park is threatened by illegal logging 

(particularly in the north and west) and agricultural encroachment due to coffee, 

cardamom, crop and grassland agriculture. Large mammals in the region are 

threatened by illegal hunting for bushmeat and sport. Baird’s tapir has declined within 

the park as demonstrated by dramatically decreased encounter rates and apparent range 

contraction with VORTEX population viability modelling suggesting its imminent 

local extirpation (McCann et al. 2012). Despite previous research focusing on tapir, 

there is a paucity of published data on the mammalian community within the park. 

There is no published species inventory for the region. 

Bushmeat hunting is prevalent within the park, yet conservation action can only be 

effective with accurate data capture and characterization of the biodiversity present 

and the species that are rare or threatened. Consequently, we report here a species list 

for Cusuco National Park with the frequency and type of species records. 
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2.2 Methods 

 

2.2.1 Study area 

 

See Chapter 1.7 for full details & Fig. 2.1. 
 

 

 
 

 
Fig. 2.1 Cusuco National Park, North West Honduras. 

 

 

 

2.2.2 Data Collection. 

 

Monitoring and surveillance of small and large mammals was conducted annually 

during the decade 2006–2016 by Operation Wallacea Ltd (http://opwall.com) as part 

of their global biodiversity monitoring effort. Camera trap surveys were also 

conducted independently by Panthera (https://www.panthera.org/) during 3 years 

http://www.panthera.org/)
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(2014– 2016) as part of their Jaguar Corridor Initiative. 

Small mammals were categorized as those < 2 kg in body weight. A combination 

of 6 Freya (320 × 173 × 140 mm) and 6 Sherman traps (508 × 635 × 1651 mm) were 

set in alternate pairs placed at 10 m intervals for 60 m for a period of 4 consecutive 

nights and checked daily at sunrise. Traps were baited alternately with a mixture of 

oats, peanut butter and syrup or tuna. Typically, 2 trap lines were set out on each 

transect with one placed < 5 m from and parallel to a stream or river (sampling the 

riparian corridor) and another placed > 150 m from the nearest watercourse (sampling 

the forest floor) (see Appendix 1 for the list of camps surveyed each year). Surveys 

were conducted annually between June and August from 2006–2016, totaling 2,376 

trap nights in the core zone and 1,272 trap nights in the buffer. 

Captures were identified by means of gross external morphology; usually a 

combination of coloration (including presence of countershading, bicoloration of the 

tail, etc.), shape and head-body length, tail length, hind foot length and body weight 

following Reid (1997, 2009) and Wilson et al. (2017). For the majority, species 

specific identification was not contentious as most were well described and commonly 

found species. However, 2 genera presented particular issues: Handleyomys and 

Cryptotis, which have undergone recent taxonomic revision with the description of 

new cryptic species (e.g. Woodman 2011, 2015, Almendra et al. 2018). Thus, 

notwithstanding cryptic species, we used gross morphological characters to 

differentiate captures to species level but, when reporting here, we adopt the use of 

“cf.” to suggest a specimen’s species membership. 
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Cryptotis presented particular problems as many shrew species are 

indistinguishable by external morphology, with a number of cryptic species being 

described recently (Woodman 2011, 2015). Thus, a small number of voucher 

specimens were taken by lethal sampling and lodged with the Royal Museum of 

Scotland, Edinburgh. Tissue samples were extracted from 10 individuals (2 of which 

were long-tailed with a TL = 50–53 mm and the rest short-tailed with a TL = 19–29 

mm) indicative of the presence of at least 2 species. DNA was extracted using the 

Qiagen DNeasy blood and tissue kit following the manufacturer’s protocol. The 

cytochrome B (cytB) locus was amplified using primers MVZ05 (5ʹ – CGA AGC TTG 

ATA TGA AAA ACC ATC GTT G) (Smith and Patton 1993) and H15915 (5ʹ – AAC 

TGC AGT CAT CTC CGG TTT ACA AGA C) (Irwin et al. 1991). PCR reactions 

were carried out at a final volume of 20 μL containing 1 × ThermoScientific DreamTaq 

Green Master Mix (includes 0.2 mM dNTP and 2 mM MgCl2), 0.5 μM each primer 

and water and 2 μL DNA template. PCR cycling conditions were 95 °C for 2 min, 

followed by 35 cycles of 95 °C 30 s, 58 °C 30 s, 72 °C 30 s, and a final extension of 

72 °C 10 min. Amplified products were cleaned by adding 10 U exonuclease I and 1 

U shrimp alkaline phosphatase and incubating at 37 °C for 15 min, then 80 °C for 15 

min. Products were Sanger sequenced on an ABI 3730XL genetic analyzer (GATC 

Biotech, Konstanz, Germany). Geneious v. 7.1 was used to edit the sequences. 

Samples were checked and cleaned for pseudogene co-amplification (identified in 1 

sample with a positive cytB sequence). Sequences were compared to GenBank by 

carrying out a BLAST search and molecular species identification was confirmed if 

there was a 99–100% match to voucher specimens of a single species in GenBank. 

Large mammals (> 2 kg in body weight) were surveyed annually between June and 

August 2006–2016, these months fall outside of the rainy season (heaviest rainfall is 
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from October to February; Fundación Ecologista 1994). Any bias that this method 

introduced due to seasonal activity of mammals was logistically unavoidable. Each 

line transect was walked in its entirety once or twice during this period (see Appendix 

1 for details) and species tracks and signs were recorded and, where possible, 

identified following Reid (1997, 2009). These diurnal transect surveys began at 8 am 

after 48 hours of no disturbance. This non-disturbance period was to minimize bias 

toward nocturnal species created by an early morning start time. Although 3 local 

trackers were involved throughout this study, their identity varied from year to year 

due to availability. This was an unavoidable source of potential error due to logistical 

constraints and the long-term nature of the time-series. Typical walking speed was 1– 

2 km/h, culminating in a total of 600 km of transect survey in the core and 216 km in 

the buffer zone. Indirect detections were footprint tracks (a.k.a. spoor), whilst signs 

were any species-specific markings, for example, scat, distinctive scratch marks or 

food remains with identifiable tooth marks. Indirect signs also included vocalizations, 

particularly for arboreal species such as primates. Direct sightings of any species were 

also recorded but rare. 

Additionally, camera traps (Bushnell Trophy Cam HD model 119477) were placed 

either in pairs or in triplets at locations on each transect approximately 1 km apart 

(minimum separation along transects was 200 m and maximum was 1.5 km). Paired 

deployments (2014 only, were part of a pilot study) were placed < 20 m and ca 75 m 

perpendicular from the transect, whilst triplet deployments (2015–2016) were placed 

off-trail at < 20 m, ca 150 m and ca 300 m, perpendicular to the transect in an attempt 

to quantify differences in detection with distance from access trails. Cameras were 

deployed for ca 29 consecutive nights in 2014 but just 3 consecutive nights during 

2015–2016 (all survey effort was approximately equal between cameras within- and 

between-transects within-years). This decrease in survey effort per session was to 
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increase the number of independent sampling locations as we wanted to minimize 

problems associated with field of view, theft etc. Cameras were strapped to trees at 

approximately 30 cm height from the ground at locations where areas were clear from 

vegetation for a distance of up to 3 m directly in front of the camera. Camera trapping 

occurred at Buenos Aires during 2014 only and was not conducted at Santo Tomas, 

there were also occasions where cameras were stolen or malfunctioned (see Appendix 

1 for camera numbers each year). In total, 1,043 trap nights occurred in the core zone 

and 402 trap nights in the buffer zone. Traps were deployed upon completion of line 

transect surveys to minimize capturing the same individuals on cameras as detected 

by tracks and signs. Cameras were set to record 20 second videos with a minimum 

trigger interval of 1 minute. Any videos of the same species recorded within 1 hour 

were excluded from analyses as they may represent repeat detections. 

For the camera trap survey carried out by Panthera (a conservation organisation 

primarily focused on the protection of cat species globally), cameras of model 

Moultrie M-100 and Panthera Cams were used. Cameras were placed on human trails 

and mountain ridges to maximize the probability of capturing jaguar images. Between 

3 and a maximum of 12 cameras were deployed at a time for 30–90 consecutive nights 

from 2014–2016 during both the dry and rainy season. Cameras were strapped to trees 

at approximately 30 cm height from the ground and aimed directly at trails. Panthera 

data were used solely for the purpose of providing a comprehensive species inventory 

and were not included in analysis, thus only species not detected by the main Operation 

Wallacea Ltd. camera trapping surveys have been included here.  
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2.2.3 Data Analysis. 

 

We processed camera trap videos manually. For image organization and management, 

we used the camtrapR package (Niedballa et al. 2017) for R (R Core Team 2018) in 

RStudio (RStudio Team 2015). 

We calculated indices of abundance for each survey technique separately for data 

collected within the core and buffer zones (for the purposes of comparison). For line 

transect surveys, the number of records were divided by the total kilometres surveyed 

in each zone and multiplied by 10 to give detections/10 km. For live trapping, we 

divided the number of records by the total number of trap nights in each zone 

multiplied by 30 nights to give detections/month for each zone. For camera trapping 

surveys, we divided the number of records for each zone by the total number of 

fractional days (to account for time of day at which cameras were deployed/collected) 

multiplied by 30 to give detections/month within each zone. Standardization of the 

units allowed direct comparison of detection rates between zones. 

We calculated Shannon’s Evenness Index for species community composition for 

small mammals using live trapping data and large mammals using tracks and signs 

from walked transects using the R package vegan (Oksanen et al. 2018). Whittaker 

rank abundance plots were also created using the same data. Both metrics accounted 

for the standardization of detection rates. We created Species Accumulation Curves 

for all small and large mammals pooled across survey methods to determine if our 

species inventory was nearing asymptote. 

To assess differences in detection rates between the core and buffer zones, we 

conducted Wilcoxon rank sum tests on indices of abundance on data from each survey 

method separately. These analyses were carried out in RStudio and plotted using the 

package ggplot2 (Wickham 2016). 
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Additionally, all species weighing less than 2kg (hereafter “small mammals”) and 

those weighing greater than 2kg (hereafter “large mammals”) were separately pooled 

irrespective of survey type (but still accounting for survey effort).  The difference in 

detection rates between the core and buffer zones were then assessed through the 

employment of a zero-inflated generalized linear model with a negative binomial 

distribution using the glmmTMB package (Brooks et al., 2017) in RStudio. 

 

 

 
2.3 Results 

 

Species Accumulation Curves for large mammals reached asymptote in 2014; 9 years 

after surveys began (Fig. 2.2.A), notwithstanding the detection of jaguar during 2016. 

Small mammal data have yet to reach asymptote increasing with a decelerating rate of 

discovery throughout the times-series with the addition of new species in virtually 

every year of survey. 

The small mammal community (21 species) was unevenly structured being dominated 

by two species (Fig. 2.2.B; Table 2.1), the Mexican deer mouse (Peromyscus 

mexicanus (Saussure, 1860)) with 25 records/month and Desmarest’s spiny pocket 

mouse (Heteromys desmarestianus Gray, 1868) with 20 records/month. Of the 3 

candidate Handleyomys species possibly present at the site, 2 were tentatively 

identified as Handleyomys cf. rostratus and Handleyomys cf. alfaroi (Table 2.1); 

further work including molecular genetic analyses may be required to confirm these 

identities. 

The large mammal community consisted of 22 species with a more even structure 

than the small mammal community, i.e. not dominated by a few common species 

(Table 2.2, Fig. 2.2.B). The small mammal community had a Shannon index = 1.14 

compared to that of the large mammal community with a Shannon index = 2.25 
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(further confirming that the small mammal community was skewed by a few 

hyperdominant species). Of the large mammals, the most commonly detected species 

included Central American red brocket deer (Mazama temama (Kerr, 1792)) with 12 

records/10 km, white-nosed coati (Nasua narica (Linnaeus, 1766)) with 11 

records/10km, Baird’s tapir with 9 records/10 km and spotted paca (Cuniculus paca 

(Linnaeus, 1766)) with 7 records/10 km surveyed. Species of conservation importance 

included the Data Deficient Central American red brocket deer, the Near Threatened 

jaguar and margay (Leopardus wiedii (Schinz, 1821)) and the Endangered Baird’s 

tapir (Fig. 2.3). Twelve other species recorded on camera traps are shown in Fig. 2.3. 

Jaguar had previously gone unrecorded in Cusuco National Park and its detection 

(Table 2.2; Fig. 2.3) is strategically and geographically important within the Central 

American jaguar corridor. 

Standardized relative indices of mammal abundance did not differ significantly 

between the core and buffer zones (due to the high prevalence of zero detections and 

wide variation in detection at sites within each zone) but were consistently higher 

within the core and buffer zone, specifically, mammal tracks and signs on line transect 

surveys were 30% higher (W = 219.5, P =0.79, Not Significant), camera trap 

detections were 46% higher (W = 127, P =0.56, Not Significant) and small mammal 

live trapping capture rates were 33% higher (W= 128, P= 0.58, Not Significant) within 

the core compared to buffer zone (Fig. 2.4).  

The large mammal community was detected significantly more in the core than the 

buffer zone (Z=2.44, P=0.0148) and the small mammal community differed, but not 

significantly between zones, with marginally greater detection in the core zone than 

the buffer (Z=1.74, P=0.08). 
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Fig. 2.2 A) Species accumulation curves for small mammal species detections (Note: small 

mammals were not surveyed in 2011). B) Whittaker rank abundance plot exhibiting species 

richness from two survey methods. 

A) 

B) 
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Table 2.1 Non-volant (small) mammals < 2 kg. IUCN Red List code: DD= Data Deficient, 

LC = Least Concern (IUCN statuses extracted from http://www.iucnredlist.org, version 

2016.3). †: there have been identifications to species level (Sciurus variegatoides and Sciurus 

deppei) in the study area by the author MJ; however, most were recorded just to genus only. 

‡: Detection type: LT = captures/month, TS = tracks and/or signs/10 km, DS = direct 

sighting/10 km, CT = Camera trap detection/month, PCT = Panthera camera trap (index of 

abundance not included). 
Species recorded Common name IUCN 

status 

Core 

zone 

index of 

abunda 

  nce  

Buffer 

zone index 

of 

abundance 

Detectio 

n type‡ 

RODENTIA      

Cricetidae      

Handleyomys cf. rostratus (Merriam 
1901) 

 

Long-nosed rice rat 
 

LC 
 

0.03 
 

0.07 
 

LT 

Tylomys nudicaudus Peters 1866 Peters’s climbing rat LC 0.04 0.02 LT 

Nyctomys sumichrasti (Saussure 1860) Vesper rat LC 0.05 0 LT 

Peromyscus mexicanus (Saussure 1860) Mexican deer mouse LC 13.25 11.51 LT 

Handleyomys cf. alfaroi (J.A. Allen 1891) Alfaro’s rice rat LC 0.49 0.09 LT 

Oligoryzomys fulvescens (Saussure 1860) Fulvous pygmy rice rat LC 0.01 0 LT 

Reithrodontomys cf. gracilis J.A. Allen & 
Chapman 1897 

 
Slender harvest mouse 

 
LC 

 
0.05 

 
0.21 

 
LT 

 

Scotinomys teguina (Alston 1877) 
Short-tailed singing 

mouse 

 

LC 
 

1.25 
 

1.79 
 

LT 

Erethizontidae      

 

Sphiggurus mexicanus (Kerr 1792) 
Mexican hairy dwarf 
porcupine 

 

LC 
 

0.02 
 

0.05 
TS 

(DS) 

Geomyidae      

Orthogeomys sp. Pocket gopher LC 0.18 0.14 TS 

Heteromyidae      

 

Heteromys desmarestianus Gray 1868 
Desmarest’s spiny 
pocket mouse 

 

LC 
 

14.53 
 

5.61 
 

LT 

Muridae      

Mus musculus Linnaeus 1758 House mouse LC 0 0.05 LT 

Sciuridae†      

Sciurus sp. Squirrel LC 2.39 1.57 CT 

DIDELPHIMORPHIA 
     

Didelphidae      

Didelphis marsupialis Linnaeus 1758 Black-eared opossum LC 0.27 0.47 LT 

 

Marmosa mexicana Merriam 1897 
Mexican mouse 

opossum 

 

LC 
 

0.28 
 

0.35 
 

LT 

LAGOMORPHA      

Leporidae      

Sylvilagus gabbi gabbi (J.A. Allen 1877) Tapeti rabbit LC 0.01 0 LT 

CARNIVORA      

Mustelidae      

Mustela frenata Lichtenstein 1831 Long-tailed weasel LC 0.05 0 LT 

   0.03 0.15 CT 

Procyonidae      

Bassariscus sumichrasti (Saussure 1860) Cacomistle LC NA NA PCT 

EULIPOTYPHLA 
     

Soricidae      

 
Cryptotis mccarthyi Woodman 2015 

Omoa broad-clawed 
shrew 

 
DD 

 
NA 

 
NA 

 
LT 

 
Cryptotis merriami Choate 1970 

Merriam’s small-eared 
shrew 

 
LC 

 
NA 

 
NA 

 
LT 

http://www.iucnredlist.org/
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Cryptotis orophila (J.A. Allen 1895) 

Central American least 
shrew 

 
DD 

 
NA 

 
NA 

 
LT 
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Table 2.2 Non-volant (medium-sized to large) mammals > 2 kg. Station codes: BA = Buenos 

Aires, BC = base camp, CA = Cantiles, CO = Cortecito, CP = Capuca, DA = Danto, GU = 

Guanales, ST = Santo Tomas. IUCN Red List codes: DD = Data deficient, LC = Least 

Concern, NT = Near Threatened and EN = Endangered (IUCN statuses extracted from 

http://www.iucnredlist.org, version 2016.3). †: Index of abundance not stated for those records 

provided by Panthera. ‡: Detection type: LT = captures/month, TS = tracks and signs/10 km, 

DS = direct sighting/10 km, CT = Camera trap detections/month, PCT = Panthera camera trap. 
 

 
 

Species recorded 

 
 

Common name 

 
IUCN 

status 

Core 

zone 

index of 

abundan 
ce† 

Buffer 

zone 

index of 

abunda 
nce 

Type 

of 

detecti 

on‡ 

PRIMATES 
     

Atelidae      

 
Alouatta palliata (Gray 1849) 

Mantled howler 
monkey 

 
LC 

 
1.5 

 
0.46 

 
TS (DS) 

CARNIVORA 
     

Canidae      

Urocyon cinereoargenteus (Schreber 

1775) 

 

Gray fox 
 

LC 
 

0.13 
 

0.09 
 

TS 

Felidae      

Leopardus wiedii (Schinz 1821) Margay NT 0.04 0 TS 

   0.26 0.22 CT 

Leopardus pardalis (Linnaeus 1758) Ocelot LC 0.39 0.28 TS 

Herpailurus yagouaroundi (É. 
Geoffroy-Hilaire 1803) 

 

Jaguarundi 
 

LC 
 

0.13 
 

0.14 
 

TS 

   0.03 0 CT 

Panthera onca Linnaeus 1758 Jaguar NT NA NA PCT 

Mephitidae      

 

Conepatus semistriatus (Boddaert 1785) 
Striped hog-nosed 

skunk 

 

LC 
 

0.25 
 

0.74 
 

TS (DS) 

Mustelidae      

Eira barbara (Linnaeus 1758) Tayra LC 0.11 0.19 TS 

   0.03 0.08 CT 

Galictis vittata (Schreber 1776) Greater grison LC NA NA PCT 

Procyonidae      

Potos flavus (Schreber 1774) Kinkajou LC 0.39 0.23 TS 

   0.06 0.15 CT 

Nasua narica (Linnaeus 1766) White-nosed coati LC 6.09 4.44 TS 

   0.72 0.08 CT 

Procyon lotor (Linnaeus 1758) Northern raccoon LC 0.3 0.14 TS 

CETARTIODACTYLA 
     

Cervidae      

 

Mazama temama (Kerr 1792) 
Central American 

brocket 

 

DD 
 

6.36 
 

5.56 
 

TS 

   0.63 0.6 CT 

Odocoileus virginianus (Zimmermann 
1780) 

 

White-tailed deer 
 

LC 
 

0.86 
 

0.88 
 

TS 

   0 0.15 CT 

Tayassuidae      

Pecari tajacu (Linnaeus 1758) Collared peccary LC 0.43 0.32 TS 

   0.58 0 CT 

   RODENTIA  
     

http://www.iucnredlist.org/
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Cuniculidae 
     

Cuniculus paca (Linnaeus 1766) Spotted paca LC 3.97 3.1 TS 

   1.73 0.22 CT 

Dasyproctida      

Dasyprocta punctata (Gray 1842) Agouti LC 0.45 0.19 TS 

   0.06 0.08 CT 

CINGULATA 
     

Chlamyphoridae      

 

Cabassous centralis (Miller 1899) 
Northern naked-tailed 

Armadillo 
 

DD 
 

NA 
 

NA 
 

PCT 

Dasypodidae      

Dasypus novemcinctus Linnaeus 1758 Nine-banded armadillo LC 3.22 2.08 TS 

   0.09 0.08 CT 

DIDELPHIMORPHIA      

Didelphidae      

Didelphis virginiana (Kerr 1792) Virginia opossum LC 0.03 0.05 LT 

   1.54 1.11 TS 

   0.43 0.6 CT 

PILOSA 
     

Myrmecophagidae      

Tamandua mexicana (Saussure 1860) Northern tamandua LC 0.01 0 LT 

PERISSODACTYLA 
     

Tapiridae      

Tapirus bairdii (Gill 1865) Baird’s tapir EN 7.22 1.44 TS 

   0.17 0 CT 
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2.3.1 Identification 

 

Species accounts of uncommon species (< 10 records) or those where identification 

required some further explanation are included below for reference with the exception 

of the house mouse (Mus musculus) as it is sufficiently recognized globally. 

Oligoryzomys fulvescens (Saussure, 1860) 

 

Material examined. Honduras, Cortés, Cusuco National Park, 15°31ʹ24ʺ N, 

088°17ʹ19ʺ W, Neil Reid, 2012, Table 2.1. Longer tail than other Central American mice 

of similar size. The differences in ratio of toe lengths as well as differences in upper 

incisors with similar harvest mouse species (Reid 2009) were used to identify this 

species. 

 

Sphiggurus mexicanus (Kerr, 1792) 

 

Material examined. Honduras, Cortés, Cusuco National Park, 15°30ʹ48ʺ N, 

088°14ʹ30ʺ W, Katy Wilson, 2008, Table 2.2, Fig. 2.3.L. The only species of 

porcupine found in Honduras (Reid 2009). 

Bassariscus sumichrasti (Saussure, 1860) 

 

Material examined. Honduras, Cortés, Cusuco National Park, Franklin Castañeda, 

2014, Table 2.2; Fig. 2.3.M. From camera trap footage it was distinguished from other 

similar species due to its bushier and very clearly banded tail (Reid 2009). 

Tylomys nudicaudus Peters, 1866 

 

Material examined. Honduras, Cortés, Cusuco National Park, 15°31ʹ24ʺ N, 

088°17ʹ19ʺ W, David Beaune, 2008, Table 2.1. Distinguished from other species of its 

genus by its geographic range (Reid 2009), it differed from other similar species due 

to a white-tipped tail (Reid 2009). 
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Fig. 2.3 Photographs of key species detections including: (A) Data Deficient Central American 

red brocket deer (Mazama temama), (B) Near Threatened margay (Leopardus wiedii), and (C) 

Endangered Baird’s tapir (Tapirus bairdii). Further photographs of species detected on camera 

traps including: (D) White-nosed coati (Nasua narica), (E) Jaguarundi (Herpailurus 

yagouaroundi), (F) Collared peccary (Pecari tajacu), (G) Paca (Cuniculus paca), (H) 

Kinkajou (Potos flavus), (I) White-tailed deer (Odocoileus virginianus), (J) Agouti 

(Dasyprocta punctata), (K) Tayra (Eira barbara), (L) Mexican hairy dwarf porcupine 

(Sphiggurus mexicanus) [photo credit: Katie Rapson], (M) Cacomistle (Bassariscus 

sumichrasti) [Photo credit: Panthera Honduras], (N) Greater grison (Galictis vittata) [photo 

credit: Panthera Honduras], (O) Northern naked-tailed armadillo (Cabassous centralis) [photo 

credit: Panthera Honduras], (P) Jaguar (Panthera onca) caught by camera trap at 2,200 m a.s.l. 

[photo credit: Panthera Honduras], (Q) Tapeti rabbit (Sylvilagus gabbi gabbi) when removed 

from a trap in 2010 [photo credit: Rachael Forster], (R) hunter carrying weapon stands in front 

of camera trap. 
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Fig. 2.4 A) Relative abundance of tracks and signs on line transects surveys/10 km in the core 

vs buffer. B) Relative camera trap detections/month. C) Relative capture rate by live 

trapping/month. All 3 plots include standard error bars. 
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Nyctomys sumichrasti (Saussure, 1860) 

 

Material examined. Honduras, Cortés, Cusuco National Park, Dario Rivera, 2007, 

15°30ʹ48ʺ N, 088°14ʹ30ʺ W, Table 2.1. Geographically distant to similar species (Reid 

2009). 

Reithrodontomys gracilis J.A. Allen & Chapman, 1897 

 

Material examined. Honduras, Cortés, Cusuco National Park, 15°31ʹ24ʺ N, 

088°17ʹ19ʺ W, Dario Rivera, 2007, Table 2.1. Small size distinguished it from other very 

similar species (Reid 2009). 

Mustela frenata (Lichtenstein, 1831) 

 

Material examined. Honduras, Cortés, Cusuco National Park, 15°29ʹ19ʺ N, 

088°14ʹ03ʺ W, Dario Rivera, 2007, Table 2.1. Elongated body and narrow tail, easily 

distinguishable from similar species due to much smaller size and clearly different tail 

to squirrel species (Reid 2009; screen-grabs of camera trap recordings from 2015 or 

2016 have not been included as they are not clear as still images). 

Tamandua mexicana (Saussure, 1860) 

 

Material examined. Honduras, Cortés, Cusuco National Park, 15°30ʹ48ʺ N, 

088°14ʹ30ʺ W, Dario Rivera, 2007, Table 2.2. Nothing else in the region with which it 

may have been mistaken (Reid 2009). 

Galictis vittata (Schreber, 1776) 

 

Material examined. Honduras, Cortés, Cusuco National Park, Franklin Castañeda, 

2014, Table 2.2; Fig. 2.3.N. The gray colour distinguishes this species easily from 

other, similar species (Reid 2009). 

Cabassous centralis (Miller, 1899) 
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Material examined. Honduras, Cortés, Cusuco National Park, Franklin Castañeda, 

2014, Table 2.2; Fig. 2.3.O. Flatter body shape than that of Dasypus novemcinctus, 

with a shorter, less robust tail (Reid 2009). 

Panthera onca (Linnaeus, 1758) 

 

Material examined. Honduras, Cortés, Cusuco National Park, Franklin Castañeda, 

2016, Table 2.2; Fig. 2.3.P. Shape and markings are unmistakable even with other 

spotted cat species found in the area (Reid 2009). 

Sylvilagus gabbi gabbi (J.A. Allen, 1877) 

 

Material examined. Honduras, Cortés, Cusuco National Park, 15°29ʹ47ʺ N, 

088°12ʹ43ʺ W, Rachael Forster, 2010, Table 2.1, Fig. 2.3.Q. The only lagomorph whose 

range falls across Cusuco 

Handleyomys alfaroi (J.A. Allen 1891) 

 

Material examined. Honduras, Cortés, Cusuco National Park, 15°29ʹ47ʺ N, 

088°12ʹ43ʺ W, Rachael Forster, 2010, Table 2.1. The genus Handleyomys, 

notwithstanding undescribed cryptic species, currently contains 8 described species: 

H. chapmani, H. fuscatus, H. intectus, H. melanotis and H. rhabdops, but only 3—H. 

alfaroi, H. rostratus and H. saturatior—have ranges that include any part of Honduras 

and only 2 (H. alfaroi and H. rostratus) have ranges which included Cusuco National 

Park (both IUCN range data and Wilson, Lacher and Mittermeier 2017). Handleyomys 

alfaroi and H. saturatior could conceivably be confused due to their similar body size 

(HB 90–106 mm and 90–103 mm respectively) but their tails are fairly diagnostic with 

the former having a shorter tail (89–101mm) than the latter (105–122 mm). 

Additionally, the former has a lighter coat color (dull yellow-brown) compared to the 

latter (dark brown very heavily mixed with black). 
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Handleyomys rostratus (Merriam, 1901) 

 

Material examined. Honduras, Cortés, Cusuco National Park, 15°29ʹ47ʺ N, 

088°12ʹ43ʺ W, Neil Reid, Table 2.1. Following the above, this species is notably larger 

than the other 2 species of the genus found in Honduras (HB 100–140mm) and 

distinctly colored, being lighter reddish brown with a white venter and well-defined 

countershading absent from the other 2 candidate species. 

Cryptotis merriami Choate, 1970 

 

Material examined. Honduras, Cortés, Cusuco National Park, 15°29ʹ47.1ʺ N, 088°12ʹ42.7ʺ 

W, Neil Reid, 2012, NMS.Z.2018.80.6, Tables 2.1, 2.3, Fig. 2.5. 

 

 

 
Table 2.3 Shrew species identification matches for seven Cryptotis specimens using CytB 

sequencing. Specimens are available at the Royal Museum of Scotland, Edinburgh. 
 

Specimen 

no. 

Species 

match on 
GenBank 

% pairwise 

identity 

Length of 

pairwise match 
(bp) 

GenBank accession 

number of best match 

8 C. merriami 99.70% 906 MF158110 

12 C. merriami 99.90% 912 MF158112 

13 C. orophilus 99.50% 1070 MF158113 

18* C. maccarthyi 100.00% 497 MF158096 

22 C. merriami 99.80% 1117 MF158108 

23 C. merriami 100.00% 911 MF158110 

24 C. merriami 99.40% 837 MF158110 

 

 

 

 

Cryptotis orophilus (J.A. Allen, 1895) 

Material examined. Honduras, Cortés, Cusuco National Park, 15°29ʹ40.8ʺ N, 088°12ʹ48.1ʺ 

W, Neil Reid, 2015, NMS.Z.2018.80.3, Tables 2.1, 2.3; Fig. 2.5. 
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Cryptotis mccarthyi Woodman, 2015 

 

Material examined. Honduras, Cortés, Cusuco National Park, 15°31ʹ11.5ʺ N, 

088°13ʹ55.0ʺ W, Neil Reid, 2015, NMS.Z.2018.80.4, Tables 2.1, 2.3, Fig. 2.5. Seven 

out of the 10 Cryptotis specimens taken by lethal sampling had successfully amplified 

DNA and were sequenced for the gene CytB. For all sequences, a greater than 99% 

species match could be made to voucher specimens sequenced by Baird et al. (2018) 

from specimens collected in Honduras (Table 2.3). Of those described as short-tailed, 

2 species were identified: C. merriami and C. orophilus, whilst those described as 

long-tailed were identified as C. mccarthyi (Table 2.1, Fig. 2.5). 

 

Fig. 2.5 Three example specimens of (A) Cryptotis mccarthyi (TL = 50mm), (B) C. merriami 

(TL = 27–29 mm) and (C) C. orophilus (TL = 21mm) identified using molecular genetic 

analysis of CytB sequences. 
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Four species were detected by indirect methods only. Local trackers identified 

ocelot (Leopardus pardalis Linnaeus 1758) using tracks and faeces, Northern raccoon 

(Procyon lotor (Linnaeus, 1758)) and Gray fox (Urocyon cinereoargenteus (Schreber, 

1775)) using tracks and evidence of food and gopher (Orthogeomys sp.) by means of 

burrows and digging spoil. 

Sixteen species whose IUCN range polygons included Cusuco National Park went 

undetected (Table 2.4). Notable non-detections included Geoffroy’s spider monkey 

(Ateles geoffroyi Kuhl, 1820), puma (Puma concolor (Linnaeus, 1771)) and giant 

anteater (Myrmecophaga tridactyla Linnaeus, 1758). The park falls within the IUCN 

range polygon for the Neotropical river otter (Lontra longi caudis (Olfers, 1818)), but 

this species was excluded from Table 2.4 due to the unsuitability of high altitude 

habitats i.e. all streams and rivers within the park are small (< 3 m wide) and fishless 

(confirmed by electrofishing) as they are above impassable waterfalls. 
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Table 2.4 Non-volant mammalian species not detected in Cusuco National Park despite its 

inclusion within their IUCN range polygon. IUCN Red List codes: DD = Data deficient, LC 

= Least Concern, VU = Vulnerable and EN = Endangered (IUCN statuses extracted from 

http://www. iucnredlist.org, version 2016.3).  
 

Species Common name IUCN status 

PRIMATES   

Atelidae   

Ateles geoffroyi (Kuhl 1820) Geoffroy’s spider monkey EN 

CARNIVORA   

Canidae   

Canis latrans (Say 1823) Coyote LC 

Felidae   

Puma concolor (Linnaeus 1771) Puma LC 

Mephitidae   

Spilogale angustifrons (Howell 1902) Southern spotted skunk LC 

RODENTIA   

Cricetidae   

Oryzomys couesi (Alston 1877) Coues’ rice rat LC 

Ototylomys phyllotis (Merriam 1901) Big-eared climbing rat LC 

Sigmodon hirsutus (Burmeister 1854) Southern cotton rat LC 

Heteromyidae   

 

Heteromys salvini (Thomas 1893) 
Salvin’s spiny pocket 
mouse 

 

LC 

PILOSA   

Cyclopedidae   

Cyclopes didactylus (Linnaeus 1758) Silky anteater LC 

Myrmecophagidae   

Myrmecophaga tridactyla (Linnaeus 
1758) 

 

Giant anteater 
 

VU 

DIDELPHIMORPHIA   

Didelphidae   

Caluromys derbianus (Waterhouse 1841) Derby’s woolly opossum LC 

Chironectes minimus (Zimmermann 

1780) 

 

Water opossum 

 

LC 

Marmosa alstoni (J.A. Allen 1900) Alston’s mouse opossum LC 

Philander opossum (Linnaeus 1758) Gray four-eyed opossum LC 
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2.4 Discussion 

 

Cusuco National Park has previously been considered an important Protected Area (Le 

Saout et al. 2013), most notably for Baird’s tapir, but also strategically positioned 

within the Central American jaguar corridor despite no previous species records from 

the region (Petracca et al. 2017, Wultsch et al. 2016, Schank et al. 2017). This study 

represents the first comprehensive species inventory for the park and we confirm the 

presence of jaguar for the first time. Cusuco National Park lies close to the city of San 

Pedro Sula (Fig. 2.1) and is highly vulnerable to human disturbance, highlighting the 

importance of conservation action in the region to protect its diverse mammal fauna. 

A camera trapping species inventory from Río Plátano Biosphere Reserve, 

Honduras (Gonthier and Castañeda 2013) suggests similar species richness to Cusuco 

National Park. Detection of 79% of expected meso-to-large mammals within Cusuco 

National Park is comparable to other surveys of similar sized species in the Neotropics 

(Tobler et al. 2008, Cove et al. 2013). Moreover, the asymptote for our large mammal 

list suggests a near complete species list whilst increases in small mammals may 

suggest that further species remain to be described; this is most notable for cryptic 

species (as in the Cryptotis shrews identified here) which require molecular genetic 

methods. 

Indices of relative abundance accounted for survey effort based upon either distance 

(i.e. for line transects) or duration (i.e. for camera and live trapping). Nevertheless, 

species-specific detections may have been subject to sources of methodological error 

or bias as some species may be more easily detected using certain methods, for example, 

Baird’s tapir may leave abundant, long-lasting tracks and signs due to their weight 

compared to smaller, lighter-footed common species such as paca. 
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Cusuco National Park has zonal protection with mammal abundances greater within 

the core zone, which has greater protected status, than within the buffer zone (although 

this difference is only statistically significant for large mammalian species not for 

small mammal species), which is vulnerable to some disturbance and within which 

there are a number of villages including Buenos Aires and Santo Tomas. The lack of 

significance for smaller species could be a result of pooling both hunted and more 

easily disturbed species such as paca with much smaller species such as spiny pocket 

mouse, therefore in later chapters these small, common rodents are excluded from 

analysis and groupings reflect hunting status. Disturbance of intact forest includes fuel 

wood collection and hunting by people. Hunting platforms (horizontal beams lashed 

between 2 trees approximately 3 m above ground level on which hunters can perch at 

dawn and dusk) are regularly encountered throughout the park including within the 

core zone (pers. obs.), suggesting that some level of human impact may have already 

occurred within the most pristine areas. Hunters carrying guns were also observed on 

camera traps (Fig. 2.3.R), whilst distant gunshots have been heard during surveys (pers. 

obs.). This is in spite of the fact that ongoing deforestation and hunting within Cusuco 

National Park has resulted in the deployment of army patrols and latterly, park 

wardens. Nevertheless, zonal differences in mammal abundance suggests that 

maintaining and enforcing the park’s protected status is important. Other studies 

suggest that where protected areas are smaller than the core zone of Cusuco National 

Park, mammal populations cannot be sustained and are vulnerable to local extirpation 

(Ortiz-Lozada et al. 2017). 

Large mammal community composition of Cusuco National Park was comparable 

(taking into account species’ known ranges) to those found in other Central American 

reserves (Thornton et al. 2011, Cove et al 2013, Tobler et al. 2008, Gonthier and 
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Castañeda 2013) with the notable exception of Geoffroy’s spider monkey and puma 

(Thornton et al. 2011, Tobler et al. 2008, Gonthier and Castañeda 2013), which were 

absent. Historical anecdotal evidence from interviews with local people (in the villages 

of Buenos Aires and Bañaderos) suggest Geoffroy’s spider monkey was once present 

and indeed numerous but has not been seen for some time. The lack of records in 

Cusuco National Park suggests the species is now locally extirpated. Howler monkeys, 

by comparison, remain widespread in the park as they have a more adaptable diet and 

are less disturbed by forest fragmentation (Lenz et al. 2014) whilst becoming 

habituated to nearby human activity (McKinney et al. 2015). Moreover, their meat is 

reputed to have a bad flavor and they are not the focal target of hunting (pers. obs.). 

Anecdotal reports of puma remain unverified and they are known to avoid areas with 

human settlements (Foster et al. 2010a). 

It is noteworthy, that whilst ocelot tracks and signs have been detected within 

Cusuco National Park, no direct detections have been made via camera trapping. It is 

odd given the species’ generally high abundance throughout Central and South 

America (Dillon and Kelly 2008, Davis et al. 2011), especially given that jaguar, a 

generally rare big cat has been recorded on camera. Ocelot diet includes small 

mammals, birds and reptiles, but also includes larger sized prey (> 800 g) species, such 

as agoutis, armadillos and pacas (Sunquist and Sunquist 2002, Moreno et al. 2006, 

Bianchi et al. 2010); the latter of which is notably common in Cusuco National Park. 

It has also been shown to be present elsewhere in Honduras (Gonthier and Castañeda 

2013). 

Relative to other areas in Central America, we record notably low detection rates 

of agouti (Cove et al. 2013) which may be a consequence of hunting for bushmeat 

(Roger Alvarenga pers. comm.). However, unexpected low detections of the genus 



Chapter two 

51 

 

 

Dasyprocta by camera trapping has been shown elsewhere in South America despite 

high detection in transect surveys (Munari et al. 2011). However, the lack of agouti in 

Cusuco National Park as a prey base for ocelot may well help to explain the predator’s 

absence as well. 

Other mammal species may have gone unrecorded due to our sampling methods. 

For example, arboreal deployment of live traps would be required to record tree-living 

small mammals such as climbing rats (e.g. the big-eared climbing rat Ototylomys 

phyllotis Merriam 1901) or canopy dwelling species (for example, to confirm the 

presence of Geoffroy’s spider monkey). Some species occupying habitats which are 

difficult to survey e.g. fossorial species like gophers or aquatic species that rarely leave 

the water’s edge such as water mice (Rheomys sp.) may require focal sampling 

techniques. 

A population viability model for Baird’s tapir within Cusuco suggested that recent 

declines may lead to local extirpation (McCann et al. 2012). No evidence of tapir 

presence was detected in 2016 for the first time during annual surveys over the last 

decade, supporting the assertion that its population may indeed be reaching the lower 

threshold for detection. Moreover, the only evidence for the presence of the species 

detected since the completion of this survey was a skeleton found during 2017 that 

showed signs that it had been hunted (pers. obs.). 

During June 2016, a single jaguar was recorded for the first time within Cusuco 

National Park (Fig. 2.3.P) in the “bosque enano” (dwarf forest) at 2,200 m above sea 

level (see https://www.panthera.org/blog/2016/06/15/surprise2200-meters). Jaguars 

are typically associated with areas providing access to large-bodied prey; though in 

some regions such as Belize they may take smaller prey such as armadillos (Foster et 

al. 2010b). In Cusuco National Park, prey likely includes tapir, red brocket, white- 

http://www.panthera.org/blog/2016/06/15/surprise2200-meters)
http://www.panthera.org/blog/2016/06/15/surprise2200-meters)
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tailed deer, peccaries and conceivably domestic stock such as cattle in the north-west 

of the park, where deforestation has given way to pockets of agriculture including 

pasture. 

Conservation, both political lobbying and on-the-ground management, can only be 

effective with full knowledge of what species are present, their distribution and 

relative abundance. Here, we report a comprehensive species list of non-volant 

terrestrial mammals for Cusuco National Park including the presence of jaguar. Data 

on the impact of designation, disturbance and frequency of mammal detection may 

help to direct future conservation policy. We advise continued annual monitoring 

activity to provide a robust time-series, allowing temporal trends in occupancy and 

abundance to be investigated. Particular focus should be on those species vulnerable 

to exploitation for bushmeat by hunting as well as bioindicators such as top predators 

including jaguar. We also advise that consideration should be given to conducting an 

IUCN Regional Red Listing exercise (see http:// 

www.iucnredlist.org/about/publication/regional-redlists#Americas) for the mammals 

of Honduras. 

http://www.iucnredlist.org/about/publication/regional-redlists#Americas)
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Abstract 

 

Mammals are important ecosystem engineers of Neotropical rainforest habitats yet are 

highly threatened by deforestation and hunting even in areas with the highest level of 

protection designation e.g. National Parks. Species Distribution Models (SDMs) can 

be used to identify priority areas for vulnerable species, and across communities, areas 

of high conservation value informing the spatial allocation of conservation resources. 

Local scale SDMs do not rely on defining positive relationships that determine a 

species’ optimal environmental niche but rather are likely to be informed by negative 

relationships describing parochial species absence. Using species-specific field tracks 

and signs data from 2006-2017 for mammals in Cusuco National Park, we built local 

SDMs for each mammal species extrapolating the probability of occurrence 

throughout unsurveyed areas. We pooled predicted probabilities across species groups 

summarised for i) low abundance, large-bodied, hunted species (e.g. tapir, deer or 

peccaries), ii) high abundance, small-bodied hunted species (e.g. paca or agouti) and 

iii) unhunted species (e.g. mustelids or wild cats). Results suggest that that despite the 

highest level of protected area designation terrestrial mammal distribution (and by 

extension, community composition) within remnant patches of Neotropical cloud 

forests are driven predominately by local anthropogenic disturbance; specifically, 

deforestation within 2km, distance to the National Park boundary, distance to research 

stations (i.e. populated camps) and distance to villages. We rank local villages in order 

of their likely impact on large hunted mammal populations such that Government 

departments, forestry managers, conservation organisations, and patrolling wardens 

can use this information to target protection efforts spatially (legislative enforcement 

and prosecutions) to maximise the efficacy of National Park designation and stem 

ongoing mammalian defaunation. 
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3.1. Introduction 

 

The ‘Great American Interchange’ of North American species dispersing south, and 

South American species dispersing north, after the formation of the Isthmus of Panama 

(Marshall et al., 1988), was responsible for the Central American Neotropics becoming 

one of the most diverse biogeographical realms on the planet (Myers et al., 2000). It is 

also one of the most vulnerable regions due to a combination of anthropogenic threats 

including: deforestation, hunting, road construction and climate change driven by 

human population growth and associated resource consumption (WWF, 2018). Large-

bodied, terrestrial mammals are particularly key in tropical forest function. They 

provide vital ecosystem services including: seed dispersal promoting forest 

regeneration (Fuzessy et al., 2016, Paolucci et al., 2019), regulation of plant diversity 

and forest structure through herbivory (Wright et al., 2000, Briceno-Mendez et al., 

2016, Beck et al., 2013), top-down system regulation through predation (Marshall and 

Essington, 2011) and nutrient cycling via defecation and carcass decomposition 

(Sobral et al., 2017; Barton et al., 2013; Dos Santos Neves et al., 2010). Nutrient 

cycling promotes carbon sequestration (Wright et al., 2007) which is enhanced by 

terrestrial mammal diversity (Sobral et al., 2017). Just like the rainforests they inhabit, 

terrestrial mammals, particularly those with long lives, slow reproduction and long 

maturity times, are notably vulnerable to local anthropogenic impacts, specifically 

deforestation, habitat fragmentation and hunting (Redford, 1992, Wilkie et al., 2011, 

Benítez-López et al, 2019). This leads to ‘defaunation’ i.e. forests mostly devoid of 

mammals (Redford, 1992, Wilkie et al., 2011, Benítez-López et al, 2019), and thus 

lacking their ecosystem service provision. Defaunation is most notable in close 

proximity to human settlements and access roads. Only 7% of global forest patches 

(>100km2 in size) are free from the incursion of roads making most forests accessible 

for exploitation (Ibisch et al., 2016). 
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One of the key global, regional and local strategies for biodiversity conservation is 

the designation of protected areas, for example, National Parks (IUCN and UNEP- 

WCMC, 2016; Tilman et al., 2017) within which potentially damaging anthropogenic 

activities are restricted or outlawed. Nevertheless, often due to a lack of clear 

evidence-based appraisal, there is generally a paucity of data by which to assess the 

efficacy of protected areas in preserving biodiversity (Geldmann et al., 2013). Global 

meta-analyses suggest that just 20-50% of protected areas are deemed to be ‘well 

managed’ (e.g. how well they achieve Convention on Biological Diversity targets) 

and, therefore, by extension, to some degree effective (Watson et al., 2014). Thus, 

despite protected areas covering 14% of the planet (Butchart et al., 2015) there is 

concern over the high number of instances of poor ecological planning and 

management of such areas (Venter et al., 2014, Rodrigues et al., 2004, Butchart et al., 

2015). Some suggest that conservation efforts have contributed little to offsetting 

global, regional and even local biodiversity loss and that legislative protection without 

enforcement frequently leads to so-called ‘paper parks’ (Joppa et al., 2008) where 

protective laws are unenforced and lack successful prosecutions of those that 

perpetrate damage (Joppa et al., 2008). Thus, understanding how terrestrial mammal 

distributions within Neotropical protected areas are impacted by local anthropogenic 

factors is important to focus conservation strategies under limited and nuanced human 

and fiscal resource availability (Oldekop et al., 2016). 

Species Distribution Models (SDMs) use records for species occurrence coupled 

with spatially explicit environmental data to indicate the likelihood (probability) that 

unsurveyed areas are suitable for the species given known environmental tolerances 

(Elith & Leathwick, 2009). SDMs can be used in a number of ways: to better 

understand spatial ecology of rare or endangered species (e.g. Wilson et al. 2011), 

inform appropriate protected area designation (e.g. Chivers et al. 2013), understand 
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risk from biological invasions (e.g. Kelly et al., 2014), better understand likely range 

shifts under predicted future climate conditions (e.g. Leach et al., 2015) or to contribute 

to our understanding of how biotic interactions limit species ranges (e.g. Leach et al., 

2017). It is conventional and usually important to include all (or at least a large portion 

of) a species’ total (global) range extent to ensure that the full variation of its 

environmental tolerances can be adequately captured (Araujo et al., 2019; e.g. Phillips 

et al., 2006). However, there have been studies where SDMs were used within a 

subsample of a species range (e.g. Angelieri et al., 2016 or El-Gabbas and Dormann, 

2018). In isolated Neotropical forest fragments, it may be hypothesised that terrestrial 

mammal distribution may be spatially restricted principally by anthropogenic threats 

beyond species-specific tolerances of bioclimatic variation (Nagy-Reis et al., 2017). 

Thus, building spatially restricted SDMs may allow local drivers of distribution to be 

captured (e.g. Reino et al., 2018). 

This study aimed to use SDMs to understand local anthropogenic drivers of 

mammal ranges within a highly biodiverse, but isolated and threatened fragment of 

Neotropical cloud forest. The specific objective was to analyse species occurrences 

with respect to key human impacts such as proximity of access routes (e.g. roads or 

villages) or protection status (e.g. National Park boundary or internal zonal 

designation) whilst simultaneously accounting for natural environmental variation in 

bioclimatic variables (e.g. mean annual temperature or rainfall). It was hypothesised 

that the probability of mammal presence would be negatively associated with 

anthropogenic disturbance. Such responses are likely to be species-specific; we 

expected low abundance, large-bodied, hunted species (e.g. tapir, deer or peccaries) to 

exhibit stronger avoidance of human disturbance than high abundance, small-bodied 

hunted species (e.g. paca or agouti) which in turn we deemed more likely to respond 

more than unhunted species (e.g. mustelids or wild cats). The purpose was to identify 
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specific local regions of greatest potential human impact by ranking villages in order 

of the probability that they support terrestrial mammals in the surrounding landscape. 

Government departments, forestry managers, conservation organisations, legislative 

enforcement and patrolling wardens can use this information and spatially focus 

protection efforts to maximise the efficacy of National Park designation. 

 

 

 
3.2 Methods 

 

3.2.1 Study area 

 

For full description, see Chapter 1.7. 

 

 

3.2.2 Mammal surveys 

 

Following long-term monitoring protocols across numerous taxa (plants, 

invertebrates, amphibians, reptiles, birds and mammals), over 12 years of species 

records have been collected (2006-2017) by Operation Wallacea Ltd. representing a 

network of research academics supported by student expedition fees which fund the 

programme (see www.opwall.com). Large mammal occurrence was surveyed 

annually (during June and July) using indirect field tracks and signs (i.e. spoor or 

footprints and/or faeces or other species-specific identification markers, for example, 

feeding signs, dens or direct sightings following Reid 1997; 2009). Surveys made use 

of a transect network consisting of 3-4 line transects 2-3km in length radiating out 

from seven research stations or camps (Fig. 3.1.A), although not all transects were 

used for the duration of the study period. Transects were walked at dawn (immediately 

after the nocturnal active periods of most species) with up to two repeat surveys of 
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each transect per season. Due to various logistical issues (including the closing of the 

research station at Santo Tomas from 2014 onwards and aforementioned variation in 

transect use), survey effort (the number of repeated surveys of each transect) varied 

over time. 

 
 

3.2.3 Species records 

 

Species we categorised into three groups; large hunted, small hunted and unhunted. 

Large hunted were those species identified as hunted by local people through 

interviews carried out in 2016 (H. Hoskins unpublished data) that on average weighed 

>2kg in body mass (Table 3.1.A). Small hunted mammals were those identified as 

hunted with mean weights <2kg (Table 3.1.B). Those species identified as not 

commonly hunted formed the unhunted category. Only species with >30 occurrence 

records were retained for subsequent analysis (following Wisz et al., 2008); those 

excluded are listed in Table 3.1. 

 
 

3.2.4 Environmental parameters 

 

Spatially explicit data were extracted using ArcMap 10.5 (ESRI, California, USA) and 

nine environmental parameters were generated to test their explanatory power in 

predicting species presence. These included distance to roads (Fig 3.1.B.i), research 

stations (camps) (Fig 3.1.B.ii), the park boundary (Fig 3.1.B.iv), and villages (Fig 

3.1.B.vi) as generated by the Near function of the Spatial Analyst toolbox. Villages 

were located using local knowledge and their locations ground-truthed during 2017 

using a Garmin GPSMAP 64s. The road network was georeferenced by driving all 

access tracks during 2017. The area deforested within 2km (Fig 3.1.B.iii) of each 

species record was generated using the Focal function of the Spatial Analyst toolbox 

(Hansen et al., 2013). The forest cover based on 2000 data raster was cut from the 
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Hansen et al (2013) dataset for the relevant UTM zone (Fig 3.1.B.ix). The zone within 

which each record was recorded was categorically classified as core or buffer (Fig 

3.1.B.v). In addition, mean annual temperature (bio1; Fig 3.1.B.vii) and total annual 

precipitation (bio12; Fig 3.1.B.viii) were download from www.worldclim.org and 

downscaled to a 30m resolution from 1km through the Resample function in the Raster 

Processing toolbox, using a bilinear method. 

http://www.worldclim.org/
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A) 

 

 

B) 

    i)    ii)            iii) 

 

 

 

 

    iv)    v)            vi) 

 

 

 

 

    vii)    viii)            ix) 

 

 

 

 

Fig. 3.1 A) Map of Cusuco National Park showing the delineation between the central core 

and outer buffer zones (dashed line) relative to research stations (camps) and B) the spatial 

variation in environmental parameters throughout the park. 
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Table 3.1 Species inventory of indirect tracks and signs recorded during walked transect 

surveys throughout Cusuco National Park from 2006 to 2017 

 

Species No. of 

records 

Percentage of 

records (%) 

 

i) Retained for analysis 
  

a) Large hunted 
  

Tapirus bairdii (Baird’s tapir) 397 19.5 

Mazama temama (Central American brocket deer) 423 20.8 
Dasypus novemcinctus (nine-banded armadillo) 258 12.7 

Pecari tajacu (white collared peccary) 31 1.5 

Sub-total 1,109 54.4 

b) Small hunted 
  

Cuniculus paca (lowland paca) 258 12.7 

Dasyprocta punctata (Central American agouti) 38 1.9 

Sub-total 296 14.5 

c) Unhunted 
  

Nasua narica (white-nosed coati) 391 19.2 

Alouatta palliate (mantled howler monkey) 66 3.2 
Didelphis virginiana (Virginia opossum) 65 3.2 

Conepatus semistriatus (stripped hog-nosed skunk) 45 2.2 

Sub-total 567 27.8 

ii) Excluded from analysis 
  

Bassariscus sumichrasti (cacomistle) 1 0.0 

Eira barbara (tayra) 12 0.6 

Herpailurus yagouaroundi (jaguarundi) 9 0.4 
Leopardus wiedii (margay) 24 1.2 

Orthogeomys sp. (pocket gopher) 10 0.5 
Potos flavus (kinkajou) 29 1.4 
Procyon lotor (Northern raccoon) 15 0.7 
Sciurus sp. (squirrel) 4 0.2 

Urocyon cinereoargenteus (gray fox) 12 0.6 

Sub-total 60 2.9 

Total 2,037 100.0 

 

 

 

 

3.2.5 Species Distribution Models 

 

Species Distribution Models were run for each species separately using MaxEnt 

version 3.4.0 (Phillips et al., 2017). Various programs and packages provide 

opportunities to create SDMs; MaxEnt provides an intelligible interface (including the 

ability to adjust model parameters, intuitively interpretable outputs, projections that 

can be easily exported to produce multi-taxa projections and it works faster than R-

based packages e.g. biomod2 (Phillips et al., 2017; de Marco & Nobrega, 2018). Model 
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background points were included along the line transect network so as to represent an 

equal number of absences to presence records. This avoids difficulties with many 

meters of transects being absent of tracks or signs of mammal occurrences. 

Furthermore, in order to account for variation in survey effort per transect, additional 

absences were included (following Kramer- Schadt et al., 2013) such that more were 

generated on transects that were surveyed with greater frequency in proportion to the 

number of times surveyed. Data were subsequently split randomly into a training set 

(consisting of 75% of presence/absence data) and a test set (25% of data). Models were 

run with up to 100-iteration replicate bootstrapping (generating a different 75:25 

random split for each run) such that a measure of variation (standard deviation) could 

be generated when assessing model performance i.e. the Area Under the Curve (AUC) 

value for the Receiver Operating Characteristic (ROC) curve. The AUC for the ROC 

is a measurement of the discriminatory accuracy of predictive models. A combination 

of linear and quadratic species response curves were used to avoid model overfitting 

(using threshold or hinge features; the former is a stepwise and the latter is a linear 

arbitrary modelling of piecewise responses of species to the, continuous, 

environmental variables from which models are derived). Overfitting is when the 

model that arises is too close to a direct reflection of the exact input dataset and so 

such features ensure the generation of ecologically plausible responses beyond the 

specific data used (i.e. are not overfitted; de Marco and Nobrega, 2018). The predicted 

probabilities for each species were aggregated post-hoc into four groups; i) all species, 

ii) large hunted species, iii) small hunted species and iv) unhunted species, defined as 

above. All species with fewer than 30 records were excluded from analysis. The average 

probability of occurrence across each of the four groups were mapped using ArcMap. 

Using 1km buffers for each village, the mean probability of occurrence for each of the 

four species groups was determined and villages ranked in order of their likely 
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surrounding mammalian diversity. 

3.3 Results 

 

A total of 2,037 species-specific presence records were collected with notable 

variation in the number of records between species (Table 3.1). 

Training set AUC values for species-specific SDMs ranged from 0.58 for Central 

American brocket deer to 0.83 for the mantled howler monkey (Table 3.2). Training 

and test set AUC values were comparable and highly correlated (rs=0.902. p<0.001, 

n=10); thus, test set AUC values ranged from 0.56 also for Central American brocket 

deer (and white-nosed coati) to 0.82 for the mantled howler monkey. Mean AUC 

values across aggregated groups suggested that prediction success was largely 

comparable for large hunted, small hunted and unhunted species (Table 3.2). 

Comparable training and test AUC values suggest similar performance of both models 

and thus decreased likelihood of the training model having been overfitted.  

The percentage contribution of each environmental parameter to species-specific 

models varied idiosyncratically, as did species-specific response curves (Fig. 3.2). For 

example, zonal protection contributed 56% to the Virginia opossum SDM where they 

were more common in the buffer zone, 0% to the collared peccary SDM where there 

was equal probability of occurrence in the core and buffer zones and 14% to the 

Baird’s tapir SDM were they were more common in the core zone. Three variables 

contributed most to species distributions when assessed across all species aggregated 

together: zonal protection, deforestation within 2km and distance to the park boundary 

(Fig. 3.3; blue bars). 
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Table 3.2 SDM performance as estimated by the Area Under the Curve (AUC) value of the 

Receiver Operating Characteristic (ROC) curve for each species from 100 iteration model runs 

where the data were split (75:25) into a training and test set. 

 

Species AUC ± SD 

Training 

  set  

Test set 

a) Large hunted 
  

Tapirus bairdii (Baird’s tapir) 0.79 0.78 ± 0.02 

Mazama temama (Central American brocket deer) 0.58 0.56 ± 0.03 

Dasypus novemcinctus (nine-banded armadillo) 0.59 0.57 ± 0.11 

Pecari tajacu (Collared peccary) 0.69 0.60 ± 0.10 

Sub-mean 0.67 0.64 ± 0.05 

b) Small hunted 
  

Cuniculus paca (lowland paca) 0.62 0.60 ± 0.04 

Dasyprocta punctata (Central American agouti) 0.68 0.59 ± 0.10 

Sub-mean 0.65 0.59 ± 0.07 

c) Unhunted 
  

Nasua narica (white-nosed coati) 0.59 0.56 ± 0.06 

Alouatta palliate (mantled howler monkey) 0.83 0.82 ± 0.06 

Didelphis virginiana (Virginia opossum) 0.67 0.61 ± 0.08 

Conepatus semistriatus (striped hog-nosed skunk) 0.69 0.63 ± 0.08 

Sub-mean 0.70 0.66 ± 0.06 

Grand mean 0.68 ± 0.08 0.64 ± 0.09 
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Fig. 3.2 Species-specific response curves to environmental parameters with the relative contribution to each model shown as the numerical value below 

each plot (percentage contributions >10 in bold). Variables are ranked (left to right) in descending order of their averaged contribution (grand median) 

across all species. x-axis = variation in the focal variable; y-axis = probability of species occurrence. * Buffer left hand side, core right.  

 zone* area.def.2km dist.boundary Avg.forest.cover dist.camps dist.roads bio1 bio12 dist.village 

a) Large hunted  

Baird’s tapir 13.8% 33.1% 25.6% 3.3% 1.7% 10.5% 4.0% 4.6% 3.4% 

Central American 

brocket 
11.7% 11.2% 22.6% 8.3% 21.6% 7.2% 0.6% 0.2% 16.7% 

Collared peccary 
0.0% 8.7% 5.6% 30.4% 41.3% 0.0% 2.0% 0.0% 11.9% 

Nine-banded armadillo 
0.7% 43.5% 37.0% 13.4% 2.3% 2.8% 0.0% 0.1% 0.1% 

Sub-median 6.20% 22.15% 24.10% 10.85% 11.95% 5.00% 1.30% 0.15% 7.65% 

b) Small hunted 

Lowland paca 13.2% 0.7% 7.4% 11.6% 8.2% 3.5% 48.1% 4.6% 2.7% 

Central American agouti 
53.3% 0.0% 15.0% 0.1% 5.4% 0.0% 0.0% 24.7% 1.5% 

Sub-median 33.25% 0.35% 11.20% 5.85% 6.80% 1.75% 24.05% 14.65% 2.10% 

c) Unhunted 

White-nosed coati 5.6% 11.0% 0.0% 25.3% 30.4% 15.8% 5.4% 0.1% 6.3% 

Mantled howler monkey 
4.8% 37.1% 9.6% 0.1% 2.2% 42.0% 2.4% 0.7% 1 .0% 

Virginia opossum 
56% 0.0% 3.5% 0.7% 1.2% 1.1% 12.1% 25.4% 0.1% 

Striped hog-nosed skunk 
25.2% 0.0% 1.8% 1.9% 4.2% 0.8% 4.8% 60.9% 0.3% 

Sub-median 15.40% 5.50% 2.65% 1.30% 3.20% 8.45% 5.10% 13.05% 0.65% 

Grand median 12.45% 9.85% 8.50% 5.80% 4.80% 3.15% 3.20% 2.65% 2.10% 



Chapter three 

67 

 

 

Four species were more frequent in the core zone (Baird’s tapir, nine-banded 

armadillo, Central American agouti and the mantled howler monkey, Fig. 3.2 column 

1); two species were more frequent in the buffer zone (Virginia opossum and striped 

hog-nosed skunk. Fig 3.2 column 1) and four had near equal occurrence in both zones 

(Central American brocket deer, collared peccaries, lowland paca and white-nosed 

coati, Fig 3.2 column 1). Deforestation contributed substantially to three species SDMs 

with the nine-banded armadillo and mantled howler monkey being positively 

associated with landscape-level forest loss (Fig 3.2 column 2). Baird’s tapir exhibited 

a quadratic response to deforestation being most common at intermediate levels of 

forest loss (Fig 3.2 column 2). Two variables contributed most to large hunted 

mammal distributions: distance to park boundary and deforestation (Fig. 3.3; red bars). 

Baird’s tapir, collared peccaries and nine-banded armadillos occurred more frequently 

further from the park boundary (i.e. in the interior) while Central American brocket 

deer were marginally more common closer to the park boundary (Fig 3.2 column 3). 

Two variables contributed most to small hunted mammal distributions: zonal 

protection and bio1 i.e. mean annual temperature (Fig. 3.3; green bars). Central 

American agouti were more frequent in the core zone while lowland paca were 

positively associated with mean annual temperature. Two variables contributed most 

to unhunted mammal distributions: zonal protection and bio12 i.e. annual rainfall (Fig. 

3.3; orange bars). Virginia opossum and striped hog-nosed skunk were strongly 

negatively associated with annual rainfall (Fig 3.2 column 8). 
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Fig. 3.3 Percentage contribution of predictor variables to SDMs across a) all species, b) large 

hunted, c) small hunted, and d) unhunted species. Boxplot shows the interquartile range (box 

spanning 25th-75th percentiles), median (line) and 95% confidence intervals (whiskers). 
Variables are ranked (left to right) in descending order of their median values. 

 

 

When pooled together, large hunted mammal ranges were contributed to more by 

deforestation within 2km, distance to park boundary, forest cover, distance to research 

station (camps), and distance to villages than any other group (Fig. 3.3). Zonal 

protection contributed more to small hunted and unhunted species than large hunted 

species. Distance to road contributed more to unhunted species than large or small 

hunted species. Mean annual temperature (bio1) and annual rainfall (bio12) 

contributed more to small hunted and unhunted species than large hunted species. 

The idiosyncratic nature of species-specific responses to environmental parameters 

resulted in a range of predicted distribution patterns (Fig. 3.4). Baird’s tapir, collared 

peccaries, mantled howler monkeys and to a lesser extent, Central American agouti 

had greatest probabilities of occurrence within the interior of the park (though the 

driver for this was not always zonal protection but favourable collinear environmental 

conditions resulting from the altitudinal difference between the core and buffer zones). 

Nine-banded armadillos and Virginia opossum had greatest probabilities of occurrence 

in the peripheral regions of the park. Central American brocket deer and white-nosed 
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coati were both widespread whilst environmental conditions seemed favourable for 

striped hog-nosed skunk only in the southeast of the park. Despite species-specific 

variation in the distribution of landscape favourability, when aggregated, the highest 

probability of occurrence for all species aggregated was in the north-west portion of 

the core zone and lowest in and around deforested patches in the north and west of the 

park buffer zone. Broadly, the same pattern was evident for large hunted mammals but 

the disparity in favourability between the interior and periphery of the park was more 

pronounced. A similar pattern was observed for small hunted mammals though these 

were more likely to occur in the buffer zone than large hunted mammals and were least 

likely to occur around the highest elevations (lowest mean temperatures and highest 

rainfall) in the western half of the core zone. Unhunted mammals had the most 

spatially uniform probability of occurrence throughout the park but with a lower 

probability of occurrence in and around deforested patches in the north and west of 

the buffer zone. 

 

Villages differed in the average probability of mammalian species group 

occurrence within a 1km buffer (Table 3.3, Fig. 3.5) with those located on the edge in 

the south of the buffer zone (Regadio) and in the north of the buffer zone associated 

with the lowest probability of large hunted mammal occurrence (specifically the 

villages of Santo Tomas and Corpus). 
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a) Species aggregated 

All species Large hunted Small hunted Unhunted 

    
 

b) Large hunted species 

Baird’s tapir Collared peccary Central American brocket Nine-banded armadillo 

    
 

c) Small hunted species 

Central American agouti Lowland paca 

  
 

d) Unhunted species 

Mantled howler monkey Striped hog-nosed skunk White-nosed coati Virginia opossum 

    
 

Fig. 3.4 Spatial variation in SDM predicted probabilities (red = high, blue = low) for landscape 

suitability for terrestrial mammals showing a) species aggregated into categories (all species, 

large hunted, small hunted and unhunted) with species-specific model outputs for named 

species within each: i.e. b) large hunted c) small hunted and d) unhunted species. 
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Table 3.3 Suitability of the landscape (1km buffer) surrounding each village within the buffer 

zone of Cusuco National Park for a) all, b) large hunted, c) small hunted and d) unhunted 

mammal species allowing conservation awareness and legislative protection enforcement to 

be targeted. 

 
# Village name Coordinates x ̄ SDM predicted probability ± SD 

   a) All 

species 

b) Large 

hunted 

c) Small 

hunted 

d) 

Unhunted 

1 Colorado 15°28’59”N, 
088°11’11”W 

0.56 ± 0.06 0.54 ± 0.08 0.55 ± 0.07 0.59 ± 0.04 

2 Bañaderos 15°30’46”N, 
088°10’22”W 

0.52 ± 0.13 0.51 ± 0.16 0.50 ± 0.12 0.54 ± 0.11 

3 La Fortuna 15°29’19”N, 
088°15’27”W 

0.51 ± 0.07 0.49 ± 0.09 0.62 ± 0.12 0.48 ± 0.06 

4 La Estrella 15°33’32”N, 
088°20’53”W 

0.51 ± 0.08 0.42 ± 0.08 0.62 ± 0.10 0.55 ± 0.08 

5 Las Palmas 15°34’56”N, 
088°18’37”W 

0.50 ± 0.10 0.42 ± 0.10 0.59 ± 0.12 0.53 ± 0.10 

6 Nueva Eden 15°31’34”N, 
088°11’31”W 

0.49 ± 0.13 0.47 ± 0.15 0.48 ± 0.13 0.52 ± 0.11 

7 Santo Tomas 15°33’42”N, 
088°18’01”W 

0.48 ± 0.09 0.38 ± 0.09 0.58 ± 0.10 0.53 ± 0.08 

8 Buenos Aires 15°30’02”N, 
088°10’53”W 

0.47 ± 0.13 0.45 ± 0.16 0.45 ± 0.11 0.51 ± 0.12 

9 Tierra Santa 15°34’29”N, 
088°17’27”W 

0.46 ± 0.11 0.43 ± 0.18 0.50 ± 0.14 0.47 ± 0.09 

10 N. Esperanza 15°32’45”N, 
088°14’39”W 

0.43 ± 0.09 0.42 ± 0.13 0.41 ± 0.09 0.44 ± 0.06 

11 Corpus 15°34’42”N, 
088°15’40”W 

0.43 ± 0.09 0.37 ± 0.09 0.49 ± 0.12 0.46 ± 0.08 

12 Regadio 15°27’59”N, 
088°18’04”W 

0.42 ± 0.11 0.39 ± 0.11 0.45 ± 0.14 0.44 ± 0.09 

Overall x̄ for Cusuco National Park 0.47 ± 0.10 0.44 ± 0.14 0.53 ± 0.13 0.48 ± 0.09 
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Fig. 3.5 Probability of occurrence for each post-hoc group of mammals where those villages 

with the highest occurrence probability are labelled red and the lowest in blue. Labels 

correspond to Table 3.3. 
 

3.4 Discussion 

 

This study suggests that despite the highest level of protected area designation 

terrestrial mammal distribution (and by extension, community composition) within 

remnant patches of Neotropical cloud forest may be driven predominately by local 

anthropogenic factors. Sources of bioclimatic variation (e.g. temperature or rainfall) 

which ordinarily limit species range edge boundaries, do not constrain species at the 

local scale due to lack of sufficient spatial variation. Thus, local SDMs do not rely on 

defining positive relationships to determine a species optimal environmental niche but 

rather are more likely to be informed by negative relationships describing parochial 

species absence. As some species will be more tolerant of human disturbance than 

others will, the distribution of tolerant species may fail to be predicted adequately as 

few variables constrain their distribution at the local scale. For example, the Central 
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American brocket deer is widespread, ranging from Mexico to Colombia, inhabiting 

perennial forest, cloud forest, sub-perennial forest and low-dry forest (Reyna-Hurtado 

and Tanner, 2005, Bello et al., 2016) including transformed secondary forests and 

cropland (Naughton-Treves et al., 2003). It is highly adaptable and can switch habitat, 

for example, in areas with high hunting intensity brocket deer may use suboptimal 

habitats (Reyna-Hurtado and Tanner, 2005). Indeed, the probability of brocket deer 

occurrence was relatively high throughout Cusuco National Park, indicating it is a 

widespread species. Consequently, despite its species-specific SDM having poor 

predictive power (low AUC value) we can be relatively confident that the species 

exhibited few strongly negative responses to local anthropogenic disturbance despite 

the high likelihood that it is hunted for bushmeat (perhaps suggesting a certain 

population robustness to harvesting). A similar pattern was observed for some other 

common and widespread species such as the Virginia opossum. 

Anthropogenic disturbance was notably most important in determining the 

distribution of large hunted mammal species; specifically, deforestation within 2km, 

distance to the National Park boundary, distance to research station (i.e. populated 

camps) and distance to villages, than for any other mammalian grouping. Mammals 

are known to respond to the proximity of villages (Schussler et al., 2018, Remis and 

Kpanou, 2011) indicative of the numerous human disturbances in-and-around 

settlements; most notably forest access permitting destructive practices (Oldekop et 

al., 2016) and nuisance disturbance from noise and/or smell (Francis and Barber, 

2013). Research stations were camps temporarily occupied (during June-August 

annually) by visiting scientists and students to facilitate biodiversity monitoring. It 

may be hypothesised that noise and smell associated with even temporary occupation 

may be sufficient to cause some species to exhibit local avoidance behaviour, moving 

away from research stations. It may also be that temporary infrastructure (transects 
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and research stations) could be co-opted by local hunters after the research season 

(September-May annually) and utilised for forest access on hunting trips. However, 

species-specific responses suggest that the probability of the occurrence of some 

species was higher closer to (rather than further away) from research stations. Thus, 

rather than demonstrating an expected negative effect of proximity to research 

stations, our analyses may suggest a recording bias. This may arise in Cusuco National 

Park when surveyors who started observations at research stations working out 

towards the end of each radial transect may be more likely to detect tracks and signs 

early in surveys when attention is highest whilst signs may be missed later (i.e. further 

from camp) when attention is waning aka observer fatigue (Morrison, 2016). This 

directly contrasts with species occurrence patterns in Cusuco National Park, as derived 

from camera trapping (see Chapter 5) calling into question some of the utility of tracks 

and sign surveys. Some large hunted species, for example tapir, were positively 

associated with distance from the National Park boundary with probability of 

occurrence peaking in the interior, furthest from external threats and pressures. 

Deforestation contributed to the distributional patterns of three species; nine-banded 

armadillo and mantled howler monkey appeared positively associated with landscape- 

level forest loss while tapir exhibited a quadratic response (occurring most commonly 

at intermediate levels of forest loss). This seems unintuitive and likely represents a 

correlational rather than causal relationship i.e. it seems unlikely that armadillos or 

howler monkeys actively select landscapes vulnerable to deforestation. Armadillos 

were most likely to occur in the north and west of the park, which happens to be an 

area of high local deforestation, however, the drivers of armadillo occurrence in this 

region may be independent of forest loss. In Cusuco National Park, newly deforested 

patches are typically in areas of pristine (90-100%) forest cover whilst overall 

landscape levels of forest loss are <7% i.e. even where deforestation risk is highest, 
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relatively little forest has been lost (see Chapter 6). Mantled howler monkeys can 

tolerate human disturbance to an extent (Rimbach et al., 2013) including forest 

fragmentation (Rangel-Negrin et al., 2014, Michalski and Peres, 2007). Species like 

tapir may be associated with high canopy cover (Carrillo-Reyna et al., 2015) and thus 

their occurrence may be associated with regions of high forest cover (associated with 

deforestation risk in Cusuco National Park) yet individual species records never 

occurred within deforested landscape patches (see also Rodrigues and Chiarello, 

2018). Thus, positive relationships with deforestation may be collinear with forest 

cover (see below). Moreover, species responses to deforestation may be time-lagged 

and not immediately realised (Zimbres et al., 2013). Hence, pooling species 

occurrence data from 2006 to 2017, although necessary to generate sufficient sample 

sizes in terms of numbers of detections, may fail to capture the temporal response to 

disturbance in light of ongoing and temporally variable patterns of forest loss. 

Zonal protection contributed most to the distribution of small hunted and unhunted 

species. The effects of zonal protection varied across species with some found mostly 

in the core zone (e.g. Central American agouti), while others mostly occurred in the 

buffer zone (e.g. Virginia opossum). The effects of zonal protection may be partly 

confounded, not only by distance from National Park boundary, but also elevation (and 

thus mean annual temperature and rainfall) as these are associated with the core, which 

is at higher altitude (up to 2,200 metres above sea level) than the rest of the park (which 

extends down to near sea level). 

Nevertheless, MaxEnt deals with multicollinearity in spatial variation of 

explanatory variables by adjusting species response curves to some degree, however, 

when variables are near analogues this adjustment is unlikely to successfully partition 

effects. We maintained zonal protection as a variable in models as there was east-west 

variation in elevation and thus temperatures and rainfall (even within the core zone). 
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Buffer zones are used in protected area management to create greater distance between 

human disturbance and the core protected area. They allow for some restricted use of 

resources (e.g. managed hunting and/or timber extraction) to divert exploitation from 

core zones (see Lynagh and Urich, 2002). The importance of buffer zones surrounding 

protected areas has been demonstrated in the Neotropics (Paolino et al., 2016) but 

much like the planning of core protected areas, arbitrary delineation may be 

counterproductive (van der Meer et al., 2014, Lima and Ranieri, 2018, Geneletti and 

van Duren, 2008). Whilst some species (for example, tapir) had the lowest probability 

of occurrence in Cusuco National Park’s buffer zone, others were positively associated 

with this region (e.g. Virginia opossum). This is indicative of a robustness to 

disturbance (smaller bodied mammals may be less vulnerable to landscape level 

impacts), a lack of being targeted by hunting (opossum are distasteful) or robustness 

to hunting (high fecundity and short generation times). 

Distance to roads contributed to the ranges of unhunted species more than large or 

small hunted species. Virginia opossum, white-nosed coati and striped hog-nosed 

skunks had a negative association with distance to roads (i.e. were most likely to occur 

close to access tracks). These species are omnivorous and are positively associated 

with humans generally (Markovchick-Nicholls et al., 2008, Daily et al., 2003). Low 

sample size must be considered and thus generalisations made with caution. 

Virtually all species occurrence were positively correlated with forest cover. Higher 

cover suggests more intact forest which is likely to have greater resources (i.e. niche 

space) than lower cover forest whilst mammals themselves may create a positive 

feedback loop where forest cover is higher where a diverse mammal community exists 

due to their role in seed dispersal due to frugivory and thus forest (re)generation 

(Nagy-Reis et al., 2017). 

The utility of this study lies in ranking villages within Cusuco National Park by the 
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predicted probability of mammalian occurrence in the surrounding landscape i.e. we 

identified villages by name which had lower large mammal occurrence indicative of 

greater human impacts. This information will facilitate Government departments, 

forestry managers, conservation organisations, and patrolling wardens to target their 

protection efforts (including legislative enforcement and prosecution) to those villages 

that have negative impact (for example, Santo Tomas and Corpus in the north-west of 

the park buffer zone among others such as Regadio on the southern park boundary). 

Local SDMs may appear at first a poor method in determining the factors 

constraining species distributions as they fail to capture global range-wide constraints 

such as extreme thresholds for tolerating temperature or rainfall (El-Gabbas and 

Dormann, 2018) but here we demonstrate their utility in assessing local anthropogenic 

drivers of Neotropical cloud forest mammal distributions. Disturbance is more likely 

to define species ranges at the local scale and we show that even with the highest level 

of protected area designation i.e. National Park status, the ranges of Neotropical 

mammals are nevertheless driven predominately by anthropogenic factors. Our 

approach facilitates spatial targeting of conservation investment to specific named 

local areas most vulnerable to anthropogenic impacts. It is hoped that this should 

increase targeted conservation education and reduce disturbance to the remaining 

mammal community of Cusuco National Park. 
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Abstract 

 

Macroecological meta-analyses capture the widespread nature of wild mammal range 

contractions and population declines (so called ‘defaunation’) globally, with 

Neotropical rainforests particularly vulnerable and yet population biology data 

informed by empirical observation remain largely lacking. We generate species- 

specific and aggregated temporal trends across the mammal community in Cusuco 

National Park, north-west Honduras from 2010 to 2018 using General Additive 

Models. Hunted species, regardless of body size, exhibited declines (ca. -7% per year) 

with greater rapidity of decline in the park’s more accessible and less rigorously 

protected buffer zone. The site was once regarded as a remaining stronghold of Baird’s 

tapir (Tapirus bairdii), IUCN Red Listed as Endangered, but our data suggest its near 

local extirpation from the monitored sites. Hunted deer (Mazama temama and 

Odocoileus virginianus) and paca (Cuniculus paca) also declined substantially. Whilst 

species-specific trends varied within unhunted species (e.g. wild cats, mustelids etc.) 

they, nevertheless, also exhibited an aggregated decline throughout the park (ca. -6% 

per year). Such was the rapidity of these declines that we estimate that complete 

mammalian defaunation of Cusuco National Park may occur as early as the mid-2020s 

leaving a notionally highly protected National Park mostly devoid of terrestrial 

mammals and the associated ecosystem services they deliver. We call on the Honduran 

government and non-governmental organisations including conservation charities to 

prioritise urgently efforts to secure funding and personnel to ensure Cusuco National 

Park is adequately protected. We recommend providing armed patrols to enforce 

existing legislative protection permitting evidence gathering to support convictions of 

illegal hunting activity. 
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4.1 Introduction 

 

Defaunation is defined as the decrease in individual species abundance as well as the 

aggregated total, local or functional loss of animal populations, including range 

contractions resulting in the clearance of a community of species from a discrete 

geographical area or habitat (Dirzo et al., 2014). Although species generally are more 

at risk in freshwater and marine environments than in terrestrial ones, mammals, often 

large-bodied species, are comparatively at risk (Young et al., 2016). Indeed, the 

conservation statuses of many more species have been evaluated within the mammals 

in terrestrial environments than other taxa especially in freshwater and marine systems. 

Geographically, those areas most at risk from defaunation predominately lay within 

tropical biodiversity hotspots (Dirzo et al., 2014) most notably isolated habitats, from 

islands to mountaintops (Young et al., 2016). 

Human-induced defaunation has been detected across multiple time-scales, from 

ancient to historic and contemporary. From human-carnivore conflicts in the Serengeti 

during the Pleistocene driving carnivore extinctions (Werdelin and Lewis, 2013), to 

loss of megafauna from Madagascar upon human migration (Crowley, 2010), to 

European mammal extirpations post-colonisation ‘out-of-Africa’ up to recent (post- 

1500) extinctions of small mammals across the Caribbean (Morgan et al., 2019). 

Across all vertebrate taxa, the most vulnerable species are those with both the smallest 

average body size and those with the largest (Ripple et al., 2017a) with megafauna 

particularly under threat currently in Asia and the Neotropics (Ripple et al., 2017b). 

Overexploitation as a driver of population declines includes a number of threats 

such as unsustainable hunting yields, notably for k-selected species (Galetti et al., 

2017). Hunting has become increasingly intense over time due to the development and 

refinement of hunting methods and their efficacy i.e. stone tools, guns and use of 
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technology such as drones (Suarez and Zapata-Rios, 2019). Meta-analysis of hunting 

motivation reveals a prevalence of commercial over subsistence hunting (Young et al., 

2016) which may be more prone to over-exploitative methods. Less than 25% of 

remaining forests are unaltered (Potapov et al., 2008) and a predominant cause of 

defaunation is habitat loss, both through total destruction and degradation (Young et 

al., 2016); although such processes are slow to cause obvious population declines 

(Gaston, 2010). Human-induced disease spread (e.g. ecotourists infecting great apes 

with common illnesses; Muehlenbein and Ancrenaz, 2009), pollution (most 

infamously DDT leading to dramatic declines in bird populations; Carson 1962), and 

climate change (through species range shifts; Chen et al., 2011) additionally drive 

defaunation. Anthropogenic drivers of defaunation beyond direct exploitation should 

not be underestimated especially due to their ability to intensify one-another through 

positive-feedback loops (i.e. tropical deforestation may alter local climate through a 

reduction in evapotranspiration leading to conditions no longer supportive of tropical 

forests leading to their degradation with associated loss of animals). 

The consequences of defaunation are multiple and far-reaching, causing shifts in 

communities and loss of ecosystem function often affecting peripheral taxa (Young et 

al., 2016). Loss of ecosystem services occurs through shifts in community composition 

(Culot et al., 2013), changes to predation (Galetti et al., 2013) and loss of prey (Sandom 

et al., 2017) amongst others. The consequences may not be immediate, for example, 

marine defaunation resulting in trophic cascades result in mesopredator release 

critically altering ocean ecosystem function (Ellingsen et al., 2015) or diminishing 

carbon storage of forest systems that are functionally devoid of mammals and birds 

(Osuri et al., 2016). There are evolutionary consequences that result from within- and 

between-species anthropogenic targeting of larger individuals, resulting in a so-called 
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downsizing effect (Young et al., 2016). Defaunation adds further complexity both to 

the consequences of, and the action required to halt, the current biodiversity crisis 

(Dirzo et al., 2014; Young et al., 2016) and the inter-reliance of defaunation, its causes 

and its consequences (positive and negative feedback loops) should not be dismissed. 

Defaunation is a direct driver of the current biodiversity crisis; wildlife population 

abundance has declined on average -60% between 1970 and 2014 (WWF, 2018) with 

extinction rates of vertebrates 100 times higher than natural background rates 

(Ceballos et al., 2015). Declines in faunal abundances within the Neotropics have 

been, on average, -89% over 34 years with ca. 5% annual loss (WWF, 2018). In spite 

of the global number of protected areas reaching an all-time high, defaunation 

pervades (Coad et al., 2019) as demonstrated by the most recent defaunation indices 

(WWF, 2018; IPBES, 2019). Protected areas within the Neotropics are the most 

ineffectively managed and resourced worldwide (Coad et al., 2019). 

Estimates of defaunation rates vary, and often lack resolution and precision with 

macroecological meta-analyses frequently missing details on the origin and rigour at 

the regional, national or landscape-level with little empirical observation at the local 

level (Gonzalez-Maya et al., 2017). Future predictions arising from such measures rely 

upon generalisation of environmental (more predictable) and anthropogenic (highly 

variable and context dependent) effects which at the level of local management may 

create too much uncertainty to provide useful information. Ultimately, it is difficult to 

quantify defaunation because defining the baseline (pre-decline abundances) may be 

impossible or subject to large uncertainty (Ceballos et al., 2015). 
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This study aimed to quantify relative abundances and generate temporal trends in a 

terrestrial community within a (notionally) highly protected Neotropical cloud forest 

remnant (Cusuco National Park, northwest Honduras) representing some of the most 

threatened, isolated and islandised ecosystems on Earth. The specific objectives were 

to establish monitoring and surveillance of species-specific tracks and signs 

(expressed as numbers of detections) over a reasonable study period (9 years) 

permitting time-series analyses to generate robust temporal trends. Our hypothesis was 

that despite National Park status conferring one of the highest levels of protection, 

anthropogenic pressures from lowland human populations encroaching upslope would 

result in many mammal species, most notably large-bodied hunted species, to exhibit 

negative temporal trends. This analysis will allow the explicit quantification of 

mammalian defaunation (percentage change in abundance over time) of large-bodied 

hunted species compared to other groups (small-bodied hunted species and unhunted 

species), focusing on hunting as the most likely driver of mammalian defaunation. If 

results detect such changes, these data will be essential for government departments, 

forestry agencies, legislative enforcement operatives and conservationists to raise the 

alarm allowing protection efforts to be re-enforced, preventing local species 

extirpations. 

 

 
4.2 Methods 

 

4.2.1 Survey site 

 

For full description, see Chapter 1.7 
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4.2.2 Quantifying mammal relative abundance 

 

Monitoring and surveillance of terrestrial mammal tracks and signs (footprints, scat, 

food remains with species-specific bite marks, scratch marks and vocalizations) were 

recorded along line transects (2-3km long) radiating out from seven research stations 

(camps) in Cusuco National Park, northwest Honduras (Fig. 4.1) during June-August 

annually from 2010 to 2018. The park is under a two-tiered zonal protection structure: 

the more heavily protected core zone (where human settlements and farming are 

prohibited) and the less stringently protected buffer zone (development of settlements 

and farming are restricted but historic human presence persists). Transect trails were 

maintained annually by cutting with machetes, with surveys occurring during early 

morning after the active period for nocturnal mammals. Surveyors (professional 

academic mammologists), their student(s) plus an experienced local animal tracking 

guide (for the most part the same person annually) walked transects at a speed of 1- 

2km/hour recording species occurrences georeferenced using a handheld GPS unit and 

in years surveyed, transects were walked at least once. The maintenance of a 

standardised survey protocol was used to generate a consistent time-series dataset of 

patterns of species relative abundance which was expressed as the number of records 

(n=2,478) per species (n=19) per transect (n=27) per year (n=9) (a total of 243 transect 

over the study period). Transects were either found wholly in the core zone, wholly in 

the buffer zone or traversed the core/buffer boundary. 
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Fig. 4.1 Distribution of survey line transects throughout Cusuco National Park, Honduras 

associated with research stations (camps): BC = Basecamp, BA = Buenos Aires, GU= 

Guanales, CA= Cantiles, CO= Cortecito, DA= Danto, ST= Santo Tomas. Outer polygon is the 

buffer zone and inner polygon is the core zone. 

 

 

 

 
4.2.3 Statistical Analysis 

 

Geographic Information Systems (GIS) was used to map transect locations relative to 

the core and buffer zone boundary using ArcMap 10.5 (ESRI, California, USA). 

Descriptive statistics (numbers of species occurrence records) were tabulated for each 

year. Individual species were pooled (aggregated) into three categories: large (>2kg) 

hunted species (Tapirus bairdii, Mazama temama, Pecari tajacu, Dasypus 

novemcinctus, and Odocoileus virginianus), small (<2kg) hunted species (Cuniculus 

paca and Dasyprocta punctata) and unhunted species (Alouatta palliata, Didelphis 

virginiana, Leopardus pardalis, Leopardus wiedii, Mephitis sp., Nasua narica, Eira 

barbara, Potos flavus, Procyon lotor, Urocyon cinereoargenteus, Herpailurus 

yagouaroundi, and Mustela frenata). 

Prior to analyses, occurrence records were standardised by survey effort by 

expressing relative abundance (number of detections) per species per transect using 
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both the length of each transect in kilometres (transects varied in length) and the 

number of replicate surveys of each transect (some were surveyed more than once per 

year). Thus, standardised species counts were expressed in detections/km/survey. 

Incidental mammal records recorded off transect (i.e. >20m from the transect line) 

were excluded from analyses. Transects that crossed the core/buffer zone boundary 

were split into sub-transects so that differences in associated relative abundance 

between zones could be tested. 

Temporal trends in standardised species counts were analysed using Generalized 

Additive Mixed Models (GAMMs) assuming a quasi-Poisson distribution (for non- 

integer overdispersed count data) fitted using a Restricted Estimation Maximum 

Likelihood (REML) procedure. Research station (camp) was fitted as a Random Factor 

to account for pseudoreplication i.e. multiple transects per camp (a proxy for spatial 

location). The main effect under test was Year fitted as a Fixed Factor with a 

smoothing function for nonlinear temporal trends, adopting 4 ‘knots’ (change points) 

following Fewster et al. (2000) using the fewest knots that permitted model 

convergence. Additionally, the interaction of Year*Core and Year*Buffer were fitted 

to generate separate temporal trends to compare the core and buffer zones. GAMMs 

were fitted using the mgcv package (Wood, 2011) in R (R Core Team, 2018). Graphical 

plots illustrating temporal trends (GAMM fitted values ± 95% Confidence Intervals) 

for each species or species groups were created using ggplot2 (Wickham, 2016). 



Chapter four 

87 

 

 

4.3 Results 

A total of 2,478 species occurrence records of 19 terrestrial mammal species were 

collected from 2010 to 2018 (Table 4.1) with most records for large hunted species, 

for example, Baird’s tapir and brocket deer, though some others (for example, 

unhunted white-nosed coatis) were notably common. Not all species were detected 

each year of the time-series; notably rare species included jaguarundi (recorded during 

just two years) or the long-tailed weasel (recorded during one year only). 

Large and small hunted species had highest relative abundance in the core and 

similar overall temporal trends (Fig. 4.2) with large hunted species declining by 67% 

(p<0.001) and small hunted species by 63% (p=0.009) during the same period (both 

ca. 7% per year) as well as similarly more severe declines in the buffer (85%, p<0.001 

and 86%, p=0.022 respectively). 

 

Nine species exhibited significant inter-annual variation in relative abundance. 

Baird’s tapir (a key large hunted species) was never recorded within the National Park 

buffer zone and its relative abundance in the core zone declined precipitously (ca. 11% 

per year) from 2010 to 2018 (Fig. 4.3) with apparent local extirpation (-100%, 

p<0.001, Table 4.2) i.e. no recorded occurrences during 2018 (Table 4.1). Paca (a key 

small hunted species) declined by 67% (p<0.001, ca. 7% per year) regardless of zone 

(Fig. 4.4). Unhunted species exhibited varying temporal trends with gray fox declining 

by 98% (p<0.006, ca. 11% per year) with a marginally stronger decline in the buffer 

compared to core zone and raccoon declined by 81% (p=0.019, ca. 9% per year) with 

identical trends in both zones. By comparison, some species abundances fluctuated, 

for example, tracks and signs of white-nosed coati declined marginally from 2010 to 

2015 before increasing significantly from 2015 to 2018 resulting in an overall 81% 

increase over the study period (p=0.001, ca. 9% per year). 
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Table 4.1 Species-specific tracks and signs detected 2010-2018 in Cusuco National Park. 
 

Year (20   ) 

Grouping 

Scientific name 
10 11 12 13 14 15 16 17 18 Total 

A) Large hunted           

Tapirus bairdii 97 17 20 13 25 16 1 1 0 397 

Mazama temama 79 78 143 67 46 0 9 3 18 472 

Odocoileus virginianus 18 3 8 4 1 19 0 5 3 72 

Pecari tajacu 0 7 5 0 14 7 4 4 2 43 

Dasypus novemcinctus 37 13 32 25 12 10 18 30 64 269 

Sub-total 231 118 208 109 98 52 32 43 87 1,253 

B) Small hunted 
          

Cuniculus paca 66 55 66 49 23 10 5 18 31 340 

Dasyprocta punctata 0 0 0 1 34 0 0 0 0 38 

Sub-total 66 55 66 50 57 10 5 18 31 378 

C) Unhunted 
          

Alouatta palliata 7 6 9 3 3 2 0 3 19 88 

Didelphis virginiana 12 3 15 14 25 0 2 0 3 86 

Leopardus pardalis 5 1 10 3 0 0 0 0 0 20 

Leopardus wiedii 0 0 0 0 5 0 1 0 2 8 

Mephitis sp. 17 3 6 4 0 0 2 1 22 57 

Nasua narica 77 37 94 26 46 9 16 32 88 493 

Eira barbara 6 1 1 2 2 0 0 0 2 16 

Potos flavus 4 5 8 3 7 1 4 0 - 32 

Procyon lotor 6 3 4 0 0 0 0 0 1 16 

Urocyon cinereoargenteus 9 0 0 0 3 0 0 0 0 12 

Herpailurus yagouaroundi 0 0 5 2 0 0 0 0 0 8 

Mustela frenata 0 0 0 0 1 0 0 0 0 1 

Sub-total 143 59 152 62 92 12 26 37 137 847 

Total 440 232 426 221 247 74 63 98 255 2,478 

 

 

Fig. 4.2 Temporal trends in standardised counts (detection rates per km walked) ± 95% 

confidence intervals from 2010 to 2018 within the core zone (solid line) and the buffer zone 

(dashed line) derived from GAMMs for each mammal group including large hunted, small 

hunted and unhunted species aggregated. * = p<0.05, ** = p<0.01 and *** = p<0.001 (see 

Table 4.2). 
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Table 4.2 Temporal trends for each mammal as demonstrated by the effect of Year fitted as a 

Fixed Factor in species-specific GAMMs with trends within the Core and Buffer zones also 

tested from 2010 to 2018 reporting % change from the first to last year in the fitted values. 
 

Grouping      

Scientific name Effect F e.df. p % change 

a) Large hunted      

Baird’s tapir Year 19.91 2.87 <0.001 -100 

(Tapirus bairdii) Core*Year 9.46 2.94 <0.001 -100 

 Buffer*Year 0.00 1.00 1.000 0 

Brocket deer Year 21.69 2.79 <0.001 -87 

(Mazama temama) Core*Year 16.70 2.88 <0.001 -85 

 Buffer*Year 7.68 1.00 0.006 -77 

Collared peccary Year 1.96 1.86 0.093 +173 

(Pecari tajacu) Core*Year 2.07 2.27 0.099 +179 

 Buffer*Year 0.25 1.00 0.620 -99 

Nine-banded armadillo Year 4.41 1.54 0.085 +101 

(Dasypus novemcinctus) Core*Year 3.14 2.03 0.042 +96 

 Buffer*Year 0.90 2.80 0.439 -100 

White-tailed deer Year 0.95 1.00 0.331 +106 

(Odocoileus virginianus) Core*Year 1.42 2.28 0.199 +3454 

 Buffer*Year 2.01 1.00 0.158 -85 

Sub-total Year 26.90 1.00 <0.001 -67 

 Core*Year 17.47 1.00 <0.001 -64 

 Buffer*Year 5.14 1.59 0.008 -85 

b) Small hunted      

Lowland paca Year 12.97 1.00 <0.001 -67 

(Cuniculus paca) Core*Year 2.93 2.75 0.034 -45 

 Buffer*Year 5.53 1.00 0.020 -87 

Agouti Year 0.10 1.96 0.907 0 

(Dasyprocta punctata) Core*Year 4.52 1.94 0.012 0 
 Buffer*Year 0.05 1.87 0.955 0 

Sub-total Year 7.67 1.80 0.009 -63 

 Core*Year 3.17 2.42 0.023 -56 

 Buffer*Year 5.30 1.00 0.022 -86 

c) Unhunted      

Howler monkey Year 2.14 1.00 0.145 +114 

(Alouatta palliata) Core*Year 2.00 2.80 0.122 +200 

 Buffer*Year 0.13 2.83 0.942 NA 

Virginia opossum Year 5.39 2.31 0.030 -85 

(Didelphis virginiana) Core*Year 2.35 2.63 0.073 -94 

 Buffer*Year 2.42 2.35 0.053 -71 

Tayra Year 1.00 1.00 0.317 -71 

(Eira barbara) Core*Year 1.44 2.00 0.226 -76 

 Buffer*Year 0.61 2.66 0.567 -100 

jaguarundi Year 0.63 1.98 0.604 -100 

(Herpailurus yagouaroundi) Core*Year 0.20 1.93 0.861 -100 

 Buffer*Year 0.21 1.94 0.853 -100 

Ocelot Year 2.03 2.95 0.110 -100 

(Leopardus pardalis) Core*Year 0.28 2.86 0.830 -100 

 Buffer*Year 0.46 2.89 0.709 -100 

Margay Year 0.01 1.00 0.907 +10 

(Leopardus wiedii) Core*Year 0.51 2.80 0.679 NA 

 Buffer*Year 0.76 2.86 0.539 -100 

Skunk Year 8.86 2.56 <0.001 -1 

(Mephitis sp.) Core*Year 1.75 2.83 0.158 -1 

 Buffer*Year 6.62 2.78 <0.001 +90 

Long-tailed weasel Year 1.99 1.91 0.962 0 

(Mustela frenata) Core*Year 0.01 1.90 0.987 0 

 Buffer*Year 0.00 1.00 1.000 0 
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White-nosed coati Year 8.72 2.61 0.001 +81 

(Nasua narica) Core*Year 2.23 2.63 0.146 +34 

 Buffer*Year 9.40 2.35 <0.001 +395 

Kinkajou Year 0.18 1.00 0.676 -26 

(Potos flavus) Core*Year 1.20 1.83 0.309 -67 

 Buffer*Year 1.84 2.59 0.154 +401 

Raccoon Year 3.45 2.92 0.019 -81 

(Procyon lotor) Core*Year 0.87 2.92 0.435 -100 

 Buffer*Year 0.47 2.84 0.692 +56 

Gray fox Year 7.66 1.00 0.006 -98 

(Urocyon cinereoargenteus) Core*Year 0.36 2.86 0.781 -100 

 Buffer*Year 0.37 1.89 0.723 -99 

Sub-total Year 8.48 1.00 0.004 -53 

 Core*Year 8.37 1.00 0.004 -59 

 Buffer*Year 0.40 1.00 0.530 -27 

Grand total (all species)  24.07 1.00 <0.001 -63 
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Fig. 4.3 Species-specific temporal trends in standardised counts (detection rates per km 

walked) ± 95% confidence intervals from 2010 to 2018 within the core zone (solid line) and 

the buffer zone (dashed line) derived from GAMMs for large hunted species. * = p<0.05, ** 

= p<0.01 and *** = p<0.001 (see Table 4.2 for corresponding significant models). 
 

 
 

 

Fig. 4.4 Species-specific temporal trends in standardised counts (detection rates per km 

walked) ± 95% confidence intervals from 2010 to 2018 within the core zone (solid line) and 

the buffer zone (dashed line) derived from GAMMs for small hunted species. * = p<0.05, ** 

= p<0.01 and *** = p<0.001 (see Table 4.2 for corresponding significant models). 
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Skunk species (Fig. 4.5) appeared to decline (predominately in the buffer zone) from 

2010 to 2014/15 before fully recovering by 2018 resulting in no net change throughout 

the study period (p<0.001, ca. -1%). 

 

There was a suite of 11 species for which the effect of Year in GAMMs was not 

statistically significant (p>0.05) yet some showed temporal trends (Figs. 4.3 and 4.5); 

the lack of an apparent effect was likely due to low detection rates resulting in low 

statistical power. For example, white-tailed deer, collared peccaries, margay and 

kinkajou appeared to increase before decreasing back to near initial abundances. 

Armadillos and howler monkeys exhibited little trend before an apparent increase late 

in the time-series from 2016 to 2018. A few species: agouti, jaguarundi, ocelot and 

long-tailed weasel were so infrequently recorded (Table 4.1) that they exhibited 

unconvincing stochastic peaks in abundance reflective of isolated occurrences and thus 

their trends are unlikely to be meaningful except that they all went unrecorded during 

the most recent years of the time-series i.e. 2016 to 2018. 

 

Aggregated together, tracks and signs of the entire mammal community decline by 

 

63% (p<0.001, ca. 7% per year) and such was the severity of declines among 

aggregated large and small hunted and unhunted species that it was estimated Cusuco 

National Park may be largely defaunated of mammals by the mid-2020s (Fig. 4.2a). 
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Fig. 4.5 Species-specific temporal trends in standardised counts (detection rates per km 

walked) ± 95% confidence intervals from 2010 to 2018 within the core zone (solid line) and 

the buffer zone (dashed line) derived from GAMMs for unhunted species. * = p<0.05, ** = 

p<0.01 and *** = p<0.001 (see Table 4.2 for corresponding significant models). 

 

 

 

4.4 Discussion 

 

Large, heavy-bodied species were detected more than smaller, light-bodied species 

despite their likely lower abundance i.e. heavy footed tapir leave distinct, deep and 

long-lasting (and therefore cumulatively abundant) footprints whilst light footed paca 

leave indistinct, shallow and easily missed or disturbed (seemingly less abundant) 

footprints despite the former being at much lower densities than the latter. Thus, some 

species are more vulnerable to false positives or negatives (Type I and II errors). 

Local guides and trackers may be inclined to overestimate the abundance of tracks 

and signs of species they perceive as more common e.g. attributing any digging signs 

to (noisy and easily detectable) coatis when they may belong to other small (less 

obvious) species e.g. armadillos. Knowledge on differences in foraging behaviours 
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should minimise such error (coatis generally dig shallower in the top soil than 

armadillos), although there is an undeniable element of subjectivity (Lyra-Jorge et al., 

2008). This relative disparity in over- or underestimation demonstrates the 

complexities of field sign methods for monitoring and surveillance (Carvalho et al., 

2016). Nevertheless, the consistent use of the same method over time allows relative 

change to be quantified and thus indicative of temporal trends. Analysis for rarely 

detected species (including many of the wild cats that evidently occurred at low 

density) may have resulted in statistically spurious detection of significant trends due 

to a stochastic manner in which detection may occur and the lack of statistical power 

from few detections (for example, see racoon Fig. 4.5). 

GAMMs with a significant effect of Year demonstrated inter-annual variation in 

detections over time. Hunted species (regardless of body size) exhibited significant 

population declines in both the core and buffer zones. Declines in the buffer zone were 

generally greater than the core zone, perhaps indicative of some degree of better (yet 

cumulatively inadequate) protection. However, this may be an artefact of the 

comparative geographical isolation of the core zone surrounded by the buffer zone and 

at higher elevation on steeper slopes (Gaveau et al., 2009). 

Unhunted species significantly declined in the core zone and overall with the decline 

in the buffer zone shallower. This group of species may be more tolerant of 

anthropogenic disturbance generally and may have already been previously depressed 

by interference in the buffer thus are more recently responding to more degradation of 

the core zone (e.g. increased deforestation; see Chapter 6). The total (aggregated) loss 

of mammals within Cusuco National Park (63% over nine years) is comparable to that 

reported by Benitez-Lopez et al. (2017) for tropical terrestrial mammals where 

populations have declined by 72-90% in areas were hunting occurs compared to 
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hunting-free areas over the same time scale. Such was the rapidity of declines in 

Cusuco National Park that most mammal groups will have suffered near complete 

defaunation by the mid-2020s. 

Baird’s tapir, brocket deer and paca are preferred game and although hunting is 

illegal, anecdotal reports of hunting platforms, interviews with locals and discovery of 

hunting paraphernalia (including spent shell casings) indicate that hunting does occur 

and is widespread. The apparent local extirpation of Baird’s tapir, listed as Endangered 

under the IUCN Red List (Garcìa 2016), is most concerning as Cusuco National Park 

was previously noted as one of the last remaining strongholds for the species (Gilroy 

et al 2017, McCann 2015), even though its local status was predicted as precarious 

with likely extinction in the near future (McCann et al., 2012). We suggest that the 

IUCN Range status for this population be updated from “extant (resident)” and 

reclassed as “possibly extant (resident)” (see Fig. 4.6) indicative of the uncertainty that 

tapir remain in unsurveyed areas. 

Some species exhibited fluctuating trends, for example, coati or skunk show little 

change from 2010-2014 prior to apparent increases from 2014-2018 (Fig. 4.5), perhaps 

indicative of a shift in community structure (Koerner et al., 2017, Sampaio et al., 

2010). The causes of these changes are not known but for species such as armadillo, 

there is anecdotal suggestion that there has been a cultural shift away from hunting 

this species toward species such as paca (Roger Alvarenga pers. comm.). Loss of 

diversity has wide-reaching consequences on ecosystem function enhancing other 

threats to biodiversity (Soliveres et al., 2016, Jorge et al., 2013, Cooke et al., 2019, 

Villar et al., 2019). Loss of herbivores and frugivores, due to loss of their role in seed 

dispersal (Nunez-Iturri et al., 2008, Wotton and Kelly, 2011), may weaken biological 

resilience (forest maintenance) driving further habitat degradation. 
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Fig. 4.6 IUCN Red List range map for the endangered and declining Baird’s tapir (Tapirus 
bairdii) in Central America (reproduced from Garcìa et al. 2016) showing local extirpation in 

Guatemala and El Salvador with an extant resident population associated with Cusuco 

National Park now shown by this study to be at imminent risk of local extinction. 

 

 

 

The majority of defaunation studies are at the macroecological scale (e.g. Keith et 

al., 2015), and although this is useful in quantifying broad patterns, they often lack 

inclusion of robust empirical observations of population loss at the local level (Rios- 

Saldana et al., 2018). Thus, collection of first-hand observation data on changes in 

species detection rates within specific systems (i.e. basic population biology) is 

necessary (Rios-Saldana et al., 2018). 

This study provides empirical observation data of the rapid defaunation of 

terrestrial mammal communities within even a notionally highly protected area, 

Cusuco National Park; a remnant of Neotropical cloud forest. We demonstrate an 

urgent need to enforce legislative protections aimed at the cessation of illegal hunting 

activities before exploring future management options long-term (Palacios et al., 

2018). If total mammalian extirpation occurs before protective management programs 

are enacted, there will be no mammals left to protect. The Instituto Nacional de 

Conservación y Desarrollo Forestal (ICF) is the Honduran forestry department 

responsible for ensuring Cusuco National Park is protected. Moreover, the non-

Cusuco National Park 
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government organisation (NGO) Panthera has highlighted the importance of Cusuco 

National Park in providing a movement corridor for large carnivores (for example 

jaguar dependent on forests stocked with suitable prey). Operation Wallacea Ltd. 

supports local research across numerous taxa and is responsible for significant 

investment per year in Honduras (Tim Coles pers. comm.) which may be much 

reduced should ecosystem integrity collapse (Galetti et al., 2017). The monetary value 

of the standing forests in carbon sequestration and its associated market value is also 

threatened as forests devoid of mammals have diminished carbon stocks (Krause and 

Nielsen, 2019). This indicates that conservation efforts already in place must be 

intensified. Passive sound monitoring has demonstrated that hunters avoid areas 

patrolled by park guards (Panthera unpublished data) and yet such patrols in Cusuco 

National Park are highly geographically restricted and occur only during certain 

periods of the year. Park Patrols should be common and range across the entire park 

area with evidence collection vital for the pursuit of successful prosecutions. We call 

on the Honduran government including ICF, and supporting organisations including 

Panthera and Operation Wallacea Ltd. to focus all efforts on securing funds and 

personnel to ensure Cusuco National Park is adequately protected to allow mammal 

populations to recover and ensure associated ecosystem service delivery. 
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The ‘Ecological Observer Effect’: 

Conservation monitoring of cloud 

forest mammals may cause either 

nuisance disturbance or make 

them more vulnerable to hunting 

 

 

 

 

 

 

 

 

 
 

A manuscript based on this chapter has been submitted to: 
 

HOSKINS, H. M. J., BURDEKIN, O. J. MCCANN, N. P., JOCQUE, M. & REID, N. 

[Submitted]. The ‘Ecological Observer Effect’: Conservation monitoring of cloud 

forest mammals may cause either nuisance disturbance or make them more vulnerable 

to hunting. Conservation Biology 



Chapter five 

99 

 

 

Abstract 

 

The ‘observer effect’ in quantum dynamics is the concept that the act of observation 

unavoidably alters the observed phenomenon. In ecology, observer effects are distinct 

from methodological sources of survey bias and/or error or confirmation bias. This 

study aimed to examine spatial variation in the activity of Neotropical cloud forest 

mammals relative to a long-established network of research stations (camps populated 

by scientists and students seasonally) and monitoring transects (annually maintained 

forest trails) used for biodiversity monitoring and surveillance. Using Cusuco National 

Park, north-west Honduras, as a case study example, we demonstrate that proximity 

to research stations was the most influential variable driving the detection of large 

(>2kg) hunted mammal species, including deer, peccaries, tapir and armadillos. 

Proximity to transects was the most influential variable driving the detection of large 

unhunted mammals, including coatis, wild cats, mustelids and marsupials. Such effects 

may be caused by individual-level avoidance behaviour in response to nuisance 

disturbance i.e. human traffic, noises, smells or population-level defaunation due to 

the misappropriation of low-impact survey infrastructure by hunters during the non- 

monitoring season. In either case, we provide evidence for an ecological observer 

effect where cloud forest mammals under monitoring and surveillance altered their 

distribution and/or activity or density in response to being surveyed, or more precisely, 

avoided survey infrastructure; raising questions about the utility of semi-permanent 

survey transects and seasonally populated research stations for biodiversity 

conservation assessments in remote locations. 
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5.1 Introduction 

 

The ‘observer effect’ in quantum dynamics is the concept that the act of observation 

unavoidably alters the observed phenomenon (Buks et al., 1998). A similar effect is 

also known in anthropology; the so-called Hawthorne effect (Marshall, 1994), where 

human study participants are observed to behave differently than they would were they 

not under observation (but otherwise under the same experimental treatment 

conditions). In biological systems, there is a paucity of data on the extent and 

complexity of observer effects, yet understanding how our actions, such as monitoring 

and surveillance of wildlife, affect focal study populations is essential if data are to be 

interpreted with accuracy and precision. 

In ecology, the observer effect paradigm is frequently construed as pertaining to 

survey bias and/or error, for example, survey data may be affected by site accessibility 

(Barbosa et al., 2013), skill level of the observer (Ponce et al., 2010, Albergoni et al., 

2016, Paillet et al., 2015), or driven by experience (Reid et al., 2013); which may be 

affected by age (Farmer et al., 2014). Such effects generate Type I and II errors i.e. 

false positives or negatives. For example, misidentifying the species to which field 

tracks and signs are attributed (Miller et al., 2013) or recording an organism as absent 

when it is in fact present and thus underestimating activity or abundance (Cox et al., 

2017). Therefore, survey design and appropriate training are critical if survey bias and 

error are to be avoided or mitigated (Rudisser et al., 2017; Albergoni et al., 2016). 

Recommendations for adjusting data collection to reduce bias have been promoted, 

including for animal abundance estimation (Fuentes et al., 2015), behavioural 

(Burghardt et al., 2012) and botanical studies (Morrison, 2016). Accounting for 

various bias and error at the analytical stage is also possible (Wilson et al., 2017, 

Barker et al., 2014). There is a wider debate about the impact of confirmation bias 
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in science where interpretative conclusions may be influenced by pre-data collection 

expectations. The key issue is whether pre-formed ideas affect how and what data are 

recorded and/or analysed (consciously or not). Solutions include; experimental trial 

registration stating the hypothesis under test before investigations begin (Forstmeier 

et al., 2017), conducting experiments and data collection blind i.e. without knowing 

what question is ultimately being asked by those carrying out the analysis (Holman et 

al., 2015) or increasing the number of observers, dampening possible biases from some 

individuals (Burghardt et al., 2012). Methodological survey bias and error affect our 

ability to measure effects with accuracy and precision whilst confirmation bias 

influences our ability to interpret dispassionately and impartially correlational or 

causative relationships, none of which necessarily constitute true observer effects; 

defined as the act of observation altering the observed phenomenon. 

An ecological observer effect may pertain to how an observer’s presence (or that 

of their survey equipment) affects the observed behaviour of individuals or population 

level responses which may be derived from direct handling and may vary from short- 

term (Kerr et al., 2004) to cross-generational (Bertin et al., 2008) effects. The rate of 

habituation to disturbance depends on life history traits. Monkeys are well known to 

habituate to the presence of human observers (Crofoot et al., 2010) and such 

behavioural change can lower predator alert responses (Nowak et al., 2014). Virtually 

all such disturbance effects are study-specific and idiosyncratic of the methods used, 

thus, generalisation is challenging. Awareness of such effects has led to the 

employment of technologies that allow for remote sensing; but even the presence of a 

mechanical or electronic sensor may induce potential avoidance. Whether creating 

initial changes to behaviour (Nanninga et al., 2017) or altering behaviour for the course 

of a monitoring survey  (Dearden  et  al.,  2010);  seemingly  passive  data  collection  

(for  example, recording animal tracks and signs to determine presence) may not be as 
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passive as initially thought. There are methods, however, that can be employed in situ 

in the field, for example, making sure consideration is taken to avoid human scent 

being left through careful placement of camera traps (Munoz et al., 2014). 

Understanding the drivers of spatial patterns of species occurrence and activity is 

vital if we are to inform conservation management strategies to arrest the current 

global biodiversity crisis (Dirzo et al., 2014, Gonzalez et al., 2017) which 

disproportionately affects biodiversity hotspots (WWF, 2018), for example, 

Mesoamerica. Monitoring and surveillance are, therefore, vital for tracking temporal 

changes in wildlife populations and determining threats and pressures that impact 

species ranges and/or abundance. Ensuring that methodological bias and error are 

carefully considered, we should also be conscious of potential observer effects where 

the acts of monitoring and surveillance alter the distribution or behaviour of the survey 

population(s). For example, it has been suggested that establishing a semi-permanent 

transect network for the purposes of wildlife monitoring and surveillance throughout 

a protected Central American national park may have caused large mammals, such as 

Baird’s tapir (Tapirus bairdii), to move away from cut trails, henceforth lowering 

detection and compromising the utility of any relative activity or abundance data 

(McCann et al., 2012). 

This study aimed to examine spatial variation in the activity of a community of 

Neotropical cloud forest mammals relative to a long-established network of research 

camps (seasonally populated by scientists and students) and monitoring transects 

(annually maintained forest trails) along which temporal trends in the prevalence of 

species-specific tracks and signs are assessed. Monitoring infrastructure, even if low 

impact, may cause nuisance disturbance e.g. noise from research camps may result in 

wild animal avoidance behaviour while trails may provide forest access to local 
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hunters (pursuing bushmeat) during the non-survey season when scientists have left 

the region resulting in mammal depopulation along survey networks. Consequently, 

the act of observation (being physically present even if not at the same time as the 

target animals) or the establishment of survey infrastructure may result in animals’ 

avoidance behaviour reducing the utility of any data. The focus was to test the 

distribution of mammals with respect to proximity to the transect network. 

 

 

 
5.2 Methods 

 

5.2.1 Study area 

 

For full description, see Chapter 1.7. 

 

 

5.2.2 Data collection 

 

Camera trap surveys were conducted during July-August 2015, 2016 and 2017 at five 

research stations (camps) throughout the park, namely; Base camp (15°29'47"N, 

88°12'43"W),     Cantiles     (15°30'48"N,     88°14'30"W),     Cortecito (15°31'24"N, 

88°17'19"W), Danto (15°31'42"N, 88°16'39"W) and Guanales (15°29'19"N, 

 

88°14'03"W). At each station, 3-4 transects, approximately 1-2m wide, extended 

radially outward (Fig. 5.1). 

Camera trapping lasted for a duration of 3-18 days (mean 7 days) with up to six 

cameras placed on each transect. Due to the large range in sampling effort and the 

effect that this may have had on species detection rates, only data from the first 72 

hours were considered to standardise survey effort per camera. The transect network 

is used annually to enumerate mammal tracks and signs to track temporal trends in 

wildlife populations (see Chapter 4). 
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Fig. 5.1 Diagrammatic map of Cusuco National Park, northwest Honduras and the location of 

named research stations (camps) used for camera trapping surveys. Radial lines from each 

station are line transects and the dashed polygon delineates the central core and peripheral 

buffer zones. 

 

 

 

Camera traps were deployed in ‘triplets’ at varying distances from the established 

transect network; the original aim being to place them within distance categories i.e. 

at ~20m, ~150m and ~300m perpendicular to the transect. However, difficulty in 

traversing steep, densely forested terrain resulted in camera traps being placed roughly 

in the field with their actual perpendicular distance from the transect being extracted 

subsequently using ArcMap 10.5 (ESRI, California, USA). Thus, cameras were placed 

1-413metres from the transect with furthest distances least sampled (Fig. 5.2a). The 

placement of camera trap triplets relative to research stations (camps) was random 

along the length of each transect with frequency within distance categories attenuated 

by transect length i.e. furthest distances least sampled (Fig. 5.2b). The GPS location 

of each camera was recorded using a Garmin GPSMAP 64s. 
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a) b) 

Fig. 5.2 Frequency histogram of the number of cameras placements with a) distance from 

transect and b) distance from research station (camps). 

 

 

 

 

 

 

Bushnell Trophy Cam HD camera traps (models 119677 and 119676) were used 

and set to record 20-second videos with a minimum trigger interval of 1 minute. They 

were attached to trees at approximately 50cm above the ground, although occasionally 

angled up or downwards to account for sloping terrain. 

Spatial information was extracted using ArcMap to obtain ecological and 

anthropogenic covariates used in analysis. To disentangle observer effects (quantified 

as proximity of cameras to a) research camps and b) the transect network), it was 

necessary to account for other drivers of species distributions including bioclimatic 

conditions, other sources of known human disturbance, for example deforestation, and 

the impact of legal protection, for example national park zones. The details of 16 

potential response variables are summarised in Table 5.1. 
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5.2.3 Statistical analysis 

 

We quantified sampling effort at each camera trap site as the time from when the 

camera was deployed to the time at which surveyors arrived at the site to remove the 

camera. Any videos of a species recorded within 1 hour of another of the same species 

(and indistinguishable from the individual in the previous video) were discarded as 

repeat detections (Tobler et al. 2009). Detections were standardised per unit of survey 

effort i.e. camera trapping rate (CTR) per day (Abrahams et al 2017, Rovero et al 

2017) with species pooled according to their body size and whether they were targets 

for bushmeat hunting (Fig. 5.3). 

 

Spatial autocorrelation in the CTR of each mammalian category analysed was 

tested for using Moran’s I. Moran’s I measures overall spatial autocorrelation of a data set, 

determining how correlated a point is to those points that surround it. Multicollinearity 

between potential response variables was tested for using a Pearson’s correlation 

matrix (Appendix 2) with a variable from each significant pair of bivariates (rp>0.7) 

i.e. that with the lowest correlation coefficient with CTR being excluded from 

subsequent analyses. 
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Table 5.1 List of potentially explanatory variables (and their definition) used as independent 

variables in camera trap modelling in Cusuco National Park, northwest Honduras. 

Multicollinearity between variables was assessed using Pearson correlation and those that had 

rp>0.7 (Appendix 2) were removed. Those retained for inclusion in models are marked by *. 
 

# Variable name Description 

1 Triplet_ID* Camera traps were deployed in triplets, approximately 20m, 150m and 

300m perpendicular to the transect. Triplet_ID was fitted as a Random 
Factor in GLMMs 

2 zone* Zonal level of protection i.e. park core vs buffer zone as per ICF (1987) 

3 dist.corezone Shortest distance to the core zone boundary; positive values from sites 

within the buffer zone and negative values from sites within the core 

zone 

4 dist.boundary Shortest distance to the buffer zone outer i.e. park boundary 

5 Avg.forest.cov* Percentage forest cover at 30m cell resolution downloaded from Hansen 

et al. (2013) 

6 area.def.2km* Percentage area deforested within a 2km radii of each camera trap 

downloaded from Hansen et al. 2013 

7 dist.camps* Shortest distance to the nearest research station (camp) 

8 dist.transect* Shortest perpendicular distance to the transect 

9 dist.roads* Shortest distance to the nearest marked road downloaded from diva- 

GIS.org and ground-truthed by driving with a Garmin GPSMAP 4S 

with missing roads georeferenced and added 

10 people.5km* Number of people within a 5km radius buffer around each camera trap. 

Villages located using local knowledge and georeferenced using a 

Garmin GPSMAP 4S. Population estimates were downloaded from an 

online census portal provided by Roberto Downing. 

11 bio1 Annual mean temperature at a 30s (~1km2) resolution downloaded from 

www.worldclim.org/bioclim 

12 bio5 Maximum temperature of warmest month 

13 bio6* Minimum temperature of coldest month 

14 bio12 Annual precipitation 

15 bio16 Precipitation of wettest quarter 

16 bio17 Precipitation of driest quarter 

http://www.worldclim.org/bioclim
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 Mammal body size 

Large (>2kg) Small (<2kg) 
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a) 

Tapirus bairdii (Baird’s tapir) 
Mazama temama (Central American brocket) 

Odocoileus virginianus (white-tailed deer) 

Pecari tajacu (collared peccary) 
Dasypus novemcinctus (nine-banded armadillo) 

b) 

Cuniculus paca (lowland paca) 
Dasyprocta punctata (Central American agouti) 
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c) 

Nasua narica (white-nosed coati) 
Leopardus wiedii (margay) 

Herpailurus yagouaroundi (jaguarundi) 

Potos flavus (kinkajou) 
Didelphis virginiana (Virginia opossum) 

 

  
 

 

d) 

Mustela frenata (long-tailed weasel) 
Sciurus variegatoides (variegated squirrel) 

Sciurus deppei (Deppe’s squirrel) 
 

 

  
 

 

 

 

 

 
 

Fig. 5.3 Two-by-two (2 x 2) categorisation of the mammal community of Cusuco National 

Park, northwest Honduras, (groups a-d) based on body size i.e. mass in kilograms (kg) and 

hunted status i.e. habitually hunted for bushmeat or typically not hunted by local peoples. 

 

 

 

Variation in the CTR for each mammalian category was examined using a zero- 

inflated Generalized Linear Mixed Model (GLMM) using a Tweedie error structure to 

account for the relative infrequency of detection and carried out using the glmmTMB 

package (Brooks et al., 2017) in RStudio desktop version 1.1.383. CTR for each 

mammalian category was the dependent variable, non-collinear response variables 

from Table 5.1 were fitted as fixed factors or covariates and camera trap Triplet ID 

was fitted as a nested Random Factor to account for multiple observations per triplet 

(i.e. unaccounted for spatial autocorrelation). All possible subset regression models 

were built and the single best approximating model selected on the basis of the lowest 
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Akaike Information Criterion (AIC) value using the MASS package (Venables and 

Ripley, 2002). All variables were standardised to have a x̄ = 0 and a σ = 1 so that 

regression coefficients were directly comparable. 

 

 

5.3 Results 

 

Cameras were deployed at 323 locations (excluding those stolen or broken as these 

were excluded from analysis) for a duration of 23,256 survey hours, yielding 408 

mammal detections from 14 mammal species (Table 5.2). 81 detections were of large 

hunted species (20%), 106 detections of small hunted species (26%), 89 detections of 

large unhunted species (22%) and 132 detections of small unhunted species (32%). 

Records within each category did not exhibit significant spatial autocorrelation (Table 

5.3). 

The camera-trapping rate (CTR) for large hunted mammals was consistently and 

positively associated with distance to the nearest research station (camp) being less 

frequently recorded nearby than >2km distant i.e. at the end of each radial transect 

(Figs. 5.4a & 5.5a). The CTR for small hunted mammals was consistently and 

positively associated with zone, where the buffer zone was the reference category (Fig. 

5.4b), being almost 5-fold higher in the core (0.066 ± 0.037 detections/day) than buffer 

(0.014 ± 0.029 detections/day), although large variance suggests the rate of detection 

varies within zones as well as between. Detections of large unhunted mammals were 

consistently and positively associated with distance from transect (Fig. 5.4c) being less 

frequent nearby transects than >400m distant (Fig. 5.5b). Detections of small unhunted 

mammal were consistently and negatively associated with the area deforested within 

a 2km radius (Figs. 5.4d & 5.5c). 
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Table 5.2 Frequency of species-specific detections in Cusuco National Park, northwest 

Honduras, quantified as the mean Camera Trapping Rate (CTR). 

 

Mammal category 
Species 

No. of 

records 

CTR ± 

95%CI 

Detections per 

month 

a) Large hunted    

Tapirus bairdii (Baird’s tapir) 1 0.001 ± 0.002 0.032 ± 0.06 

Mazama temama (Central American 
brocket) 

37 0.021 ± 0.010 0.633 ± 0.30 

Odocoileus virginianus (white-tailed deer) 3 0.001 ± 0.002 0.042 ± 0.06 

Pecari tajacu (collared peccary) 30 0.012 ± 0.013 0.346 ± 0.40 

Dasypus novemcinctus (nine-banded 
armadillo) 

10 0.001 ± 0.002 0.031 ± 0.06 

Sub-mean  0.007 ± 0.010 0.217 ± 0.18 

b) Small hunted 
   

Cuniculus paca (lowland paca) 104 0.056 ± 0.022 1.690 ± 0.65 

Dasyprocta punctata (Central American 
agouti) 

2 0.002 ± 0.003 0.064 ± 0.09 

Sub-mean  0.029 ± 0.243 0.877 ± 0.37 

c) Large unhunted 
   

Nasua narica (white-nosed coati) 49 0.023 ± 0.014 0.700 ± 0.42 

Leopardus wiedii (margay) 10 0.009 ± 0.006 0.256 ± 0.18 

Herpailurus yagouaroundi (jaguarundi) 1 0.001 ± 0.002 0.034 ± 0.07 

Potos flavus (kinkajou) 4 0.002 ± 0.003 0.069 ± 0.09 

Didelphis virginiana (Virginia opossum) 22 0.016 ± 0.010 0.478 ± 0.30 

Sub-mean  0.010 ± 0.010 0.307 ± 0.21 

d) Small unhunted 
   

Sciurus sp. (Deppe’s and variegated 
squirrel) 

130 0.075 ± 0.022 2.271 ± 0.65 

Mustela frenata (long-tailed weasel) 2 0.002 ± 0.003 0.063 ± 0.09 

Sub-mean  0.039 ± 0.331 1.167 ± 0.37 

Grand mean 408 0.014 ± 0.003 0.853 ± 0.32 

 

 

 

 

 
 

Table 5.3 Spatial autocorrelation Moran’s I and their significance for records within Cusuco 

National Park, northwest Honduras, for each mammal category. 
 

Variable Moran’s Index Z p 

a) Large hunted -0.02 -0.26 0.797 

b) Small hunted -0.01 -0.09 0.929 

c) Large unhunted -0.01 -0.07 0.940 

d) Small unhunted 0.08 0.08 0.412 
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Fig. 5.4 Standardised (comparable) effect sizes for each variable in the most parsimonious 

model (that with the lowest AIC value) for a) large hunted, b) small hunted, c) large unhunted, 

and d) small unhunted mammal camera trapping rates (CTRs). Those highlighted in bold 

exhibit consistent positive or negative effects (i.e. do not cross zero). 

 

 

 

 

 

 
Fig. 5.5 Camera trapping rate in Cusuco National Park, northwest Honduras, of A) large 

hunted mammals with dist.camps, B) large unhunted mammals with dist.transect and C) small 

unhunted mammals with area.def.2km, where y-axis units are detections per day. These were 

the significant variables of the minimum adequate models as determined through AIC 

minimisation.
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5.4 Discussion 

 

Using Cusuco National Park as a case study example of a protected Neotropical cloud 

forest that is subject to biodiversity monitoring and surveillance, I demonstrate that 

proximity to research stations (camps) was the single most influential variable driving 

the detection of large hunted mammal species, including deer, peccaries, tapir and 

armadillos. Proximity to transects (forest trails used annually for surveys of mammal 

tracks and signs) was the single most influential variable driving the detection of large 

unhunted mammals, including coatis, wild cats, mustelids and marsupials. 

A network of semi-permanent, annually maintained transects associated with 

temporarily settled research stations located within the study forest provides a platform 

for constant effort surveys of the region’s biodiversity (including all taxa, not just 

mammals). However, it seems that the low-impact infrastructure associated with the 

act of observation has a negative effect on the probability of detecting focal taxa (in 

this case, mammals; though the effect remains to be tested for other groups). We 

provide compelling evidence for an ‘ecological observer effect’ where terrestrial 

mammals under monitoring and surveillance altered their distribution and/or activity 

and/or density in response to being surveyed from a transect network. Such observer 

effects explained more variation in camera trap detection rates than a suite of other 

variables including natural drivers of species distributions such as bioclimatic 

conditions, other sources of known human disturbance, for example deforestation, and 

the impact of legal protection, for example, the national park core versus buffer zones. 

Disturbance was a function of body size with observer effects evident only for large 

mammals (>2kg). Nevertheless, camera trapping rates for small mammals (<2kg) were 

still predominately influenced by anthropogenic factors (just not those associated 

directly with monitoring and surveillance) such that small hunted species (agouti and 
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paca) were more commonly recorded in the remote and protected core zone of the 

national park than the more easily accessible and less protected buffer zone. Small 

unhunted species (squirrels and weasels) were negatively associated with landscape- 

levels of surrounding deforestation (within <2km). Thus, the keys factors influencing 

the detection of all mammals, whether large or small, hunted or unhunted, within the 

study system were anthropogenic in nature. 

Lower camera trapping rates for large hunted mammals close to research stations 

could be driven by active, individual-level, behavioural avoidance of human noise or 

smell during the monitoring season (June-August annually). Large animals may detect 

people at greater distances than small animals and move away (Griffiths and 

Vanschaik, 1993) resulting in lower detection rates near research stations with their 

response measured on the scale of kilometres. However, it may also be that once the 

monitoring season is over (September-May), and scientists and students withdraw 

from the park, research stations (camps cleared of vegetation, close to water) are used 

by local people when hunting; certainly tapir carcasses evidently hunted have been 

recovered from the site (Fig. 5.6; McCann et al., 2012). Moreover, hunting platforms 

(cut branches lashed horizontally between two trees providing a perching vantage 

point from which animals passing below can be shot) have been found regularly 

(Hoskins et al., 2018). The presence of domestic dogs has been shown to have a 

negative impact on wild mammal detections (Zapata-Rios and Branch, 2018; Paschoal 

et al., 2018) with camps and forest trail infrastructure providing access routes for dogs 

to enter the core zone of Cusuco National Park from surrounding villages in the buffer 

zone. Reduced camera trapping rates for large hunted mammals near research stations 

may represent therefore population-level defaunation or, generational artificial 

selection, where human-tolerant individuals are hunted out of the population leaving 

human wary individuals, which keep their distance (Cardillo et al., 2005, Bal et al., 
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2018, Breitburg et al., 1998, Brook and McLachlan, 2008). 

 

Fig. 5.6 Skull of a Baird’s tapir (T. bairdii) found along the Rio Cusuco close to the Cantiles 

research stations (camp) during 2017 (left panel) with evidence of machete marks (right panel) 

suggesting it was butchered for bushmeat. The species is currently IUCN Red Listed as 

Endangered (category A2abcd+3bcde) with a declining population trend. 

 

 

 

Camera trapping rates for large unhunted mammals were lowest in close proximity 

to transects used for monitoring tracks and signs. As these species are unpalatable, it 

seems likely nuisance disturbance rather than off-season hunting (Griffin et al., 2007) 

drives their response. This is likely due to human traffic during biodiversity 

monitoring and its associated sounds and smells. It should be noted that our mammal 

categorisation failed to control for variation in body size, such that large unhunted 

mammals (whilst >2kg) were nonetheless, notably smaller than large hunted mammals 

which were typically many 10s or 100s of kilograms in weight (see Reid 2009). Thus, 

the difference in the scale over which species exhibited avoidance behaviour (hunted 

mammals over kilometres re: research stations and unhunted mammals over 100s 

metres re: transects) may be entirely a function of body size (Tucker et al., 2014), 

olfactory (Brennan and Keverne, 2015), visual (Kiltie, 2000) and auditory sensitivity 

and locomotor ability (Tucker et al., 2014) in terms of detecting and moving away 

from sources of disturbance. 
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Despite being subject to high-intensity, annual monitoring and surveillance since 

2006, there is a lack of legislative enforcement of Cusuco National Park protections, 

such that deforestation is widespread and ongoing and that hunting is prevalent (Martin 

and Blackburn, 2009; Nichols and Williams, 2006; McCann et al., 2012). We show 

that small hunted species (agouti and paca) are significantly more common in the less 

accessible, more protected core zone of the national park, however this region has the 

highest elevation and steepest slopes furthest from access routes providing some 

degree of physical protection or deterrent to human poachers (as seen elsewhere e.g. 

Hayes et al., 2002). Deforestation is most problematic in the buffer zone in the north 

and north-west of the park with a linear increase in the cumulative area deforested 

since the year 2000 (Chapter 6). Deforested patches are typically small and isolated and 

frequently used for growing coffee, cardamom or illegal drugs. Landscape-level 

deforestation influenced camera-trapping rates of small unhunted mammals, 

principally squirrels, as they are closed-canopy forest specialists. 

We show that the main drivers of the activity of wild mammals in a protected 

Neotropical cloud forest are anthropogenic in nature with the most important 

influences representing observer effects. Mammals either avoided low-impact 

infrastructure used to enable monitoring and surveillance of their populations, 

decreasing detection, or may be more vulnerable to off-season hunting calling into 

question the utility of such infrastructure. The importance of the role of observer 

effects in ecological surveys is rarely addressed in studies of species distribution or 

activity and as such may be substantially underestimated or ignored in biodiversity 

monitoring and surveillance. 
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Modelling drivers of illegal 

deforestation in a protected cloud 

forest remnant: a method to direct 
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A manuscript based on this chapter has been submitted as: 

HOSKINS, H. M. J., BURDEKIN, O. J. & REID, N. [Submitted]. Modelling drivers 

of illegal deforestation in a protected cloud forest remnant: a method to direct 

protection enforcement?. Biotropica 
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Abstract 

 

Rates of tropical forest loss are globally nuanced. Some areas are protected, for 

example through National Park systems, to curb forest loss. However, their success 

often remains to be tested. This study aimed to quantify deforestation rates in Cusuco 

National Park, capturing temporal trends and allowing future risk of forest loss to be 

modelled using the online, freely downloadable dataset Global Forest Watch. Spatial 

patterns of deforestation were modelled, providing a better understanding of local 

anthropogenic drivers (forest cover, zonal protection and landscape vulnerability). 

Pristine, high cover forest in the National Park’s less-protected buffer zone which is 

nearby existing patches of forest loss in flat areas are at greatest risk. Cusuco was 94% 

(228km2) forested during 2000 (baseline) of which 18km2 (>7% of the forested area), 

was lost by 2017. Average annual loss (1.03 ± 0.99km2) did not differ from the global 

tropical deforestation rate (0.49%) but was significantly lower than that for Honduras 

as a nation (1.18%); suggesting National Park status may offer some protective effect. 

However, specific annual losses varied 17-fold, reaching an unprecedented peak 

during 2017 (last year of data analysed) with total cumulative area deforested 

exhibiting an increasing linear temporal trend from 2001-2017. Assuming a business- 

as-usual model, we predict a doubling of forest lost in the next 20 years. This 

projection would equate to >200,000 tonnes of carbon released into the atmosphere 

since 2000. This study demonstrates that protected and highly biodiverse Neotropical 

cloud forest not only remain at great risk from deforestation, but that risk has markedly 

increased recently, despite highest levels of legislative protection. Our spatial 

predictions of deforestation risk should empower government, law enforcement, forest 

managers and conservation organisations to target resource investment into enforcing 

legal protections in-and-around villages associated with highest deforestation risk. 
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6.1 Introduction 

 

It is estimated that 46% of the Earth’s forest cover has been lost globally since the 

advent of human civilization (Crowther et al., 2015). From 2000-2010, an estimated 

5.9 million hectares of forest was lost per year leading to an estimated yearly global 

release of 880 MtC (megatonnes of carbon; Achard et al., 2014). However, there are 

difficulties in making region-wide observations, for example, deforestation rates in 

Brazil slowed in contrast to trends elsewhere in the tropics from 2001 to 2012 (Austin 

et al., 2017; although worth noting that since the administration change this is no 

longer the case). Nevertheless, despite some local halting of forest loss, projections 

suggest deforestation is likely to worsen in the tropics in the coming decades 

(Laurance et al., 2014b). As tropical forests are the most densely forested biome 

(Crowther et al., 2015), any further loss will affect global carbon fluxes, all the while 

deforestation is the second highest source of atmospheric carbon enrichment, 

contributing 15% of all CO2 emissions (IPCC, 2013). 

Forest gain from 1982 to 2016 indicate that woody habitats are expanding 

worldwide (Song et al., 2018) but this includes global expansion of scrub (pioneer 

stages of afforestation) and in spite of ongoing loss of forest habitats in some key 

biomes. Structural and compositional differences between scrub, secondary forest 

(regrowth) and primary forest account for global degradation of forest quality, 

associated biodiversity loss and net carbon emission (e.g. Wills et al., 2017). Thus, 

reports of global ‘greening’ should be greeted with caution by conservationists (Van 

Holt & Putz, 2017; Wilson et al., 2017; Arevalo-Sandi, 2018). Secondary regenerated 

forest must support high biodiversity if its carbon storage ability is to be comparable 

to pristine habitats (Poorter et al., 2015). Increases in global forest cover also includes 

establishment of monoculture (species-specific) plantations for the purposes of 
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forestry that are of limited biodiversity value (Mendes-Oliveira et al., 2017) whilst up 

to 60% of global wildlife abundance (16,704 populations of 4,005 species) has been 

lost since 1970 (WWF, 2018). 

Deforestation risks loss of biodiversity (Kinnaird et al., 2003; Martinez et al., 2009; 

Decaens, 2018), particularly with respect to range-restricted endemic species which 

are particularly vulnerable to extinction (Wijesinghe and Brooke, 2004). Deforestation 

begets defaunation due to direct habitat loss and increased access for hunters to forests 

once logging routes are established (Peres 2001). The Neotropics (Central and South 

America) has the greatest extent of forested biomes of any biogeographical realm and 

it is one of the most biodiverse (Loyola et al., 2009), yet threatened (Gomez-Diaz et 

al., 2018), regions on Earth. The Neotropics have suffered the highest loss of wildlife 

abundances of any biogeographical realm, with 89% of individuals (1,040 populations 

of 689 species) having been lost since 1970 (WWF, 2018). Cloud forests, a class of 

high-altitude rainforest frequently enveloped in cloud and mist (Stadtmüller, 1987), 

whilst not unique to the Neotropics, are most abundant in the region. Cloud forest 

accounts for less than 2.5% of tropical forests (Bubb et al., 2004) but they have 

disproportionately high levels of biodiversity and endemism (Gentry, 1995) owing to 

their fragmented altitudinal isolation or ‘islandisation’ and distinct environmental 

characteristics to surrounding lowland matrices (Gentry, 1992). Cloud forests are 

particularly important in the interception of rainfall, filtration and storage of water, 

mitigating downstream flooding and providing clean water for human consumption, 

crop irrigation and livestock maintenance (Martinez et al., 2009; Caballero et al., 

2013). Thus, loss of cloud forest poses a significant threat to the availability and 

quality of water (Martinez et al., 2009). 
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Trends in cloud forest loss demonstrate that their degradation and destruction have 

been notably pronounced (Aldrich et al., 1997). Forested mountain summits are ever 

shrinking islands (La Sorte and Jetz, 2010), whilst they are particularly vulnerable to 

the impacts of other threats, most notably, climate change (Bush et al., 2004; La Sorte 

and Jetz, 2010). Increasing lowland temperatures push species upslope whilst changes 

in the spatial and temporal patterns of rainfall may make remnant forest patches 

increasingly unsuitable for species adapted to the cool, wet conditions inherent in high 

altitude cloud forests (Neate-Clegg et al., 2018). 

Cloud forests are notably a forested biome in need of further research (Martin and 

Bellingham, 2016) resulting in a paucity of data on the drivers of deforestation over 

space and time, however development of technology has allowed remote sensing to 

become a useful tool to study them. Recently, advances in tracking spatial and 

temporal trends in deforestation have exploited Earth Observation and remote-sensing 

using satellite imagery (e.g. Arekhi and Jafarzadeh, 2014, Bax et al., 2016, Bray et al., 

2008, Gayen and Saha, 2018, Kinnaird et al., 2003, Sanchez-Cuervo and Aide, 2013). 

A search of the Web of Science (https://wok.mimas.ac.uk) for “deforestation and 

satellite” yielded 1,859 papers mentioning both terms (last accessed 05/03/2019). Such 

studies frequently source freely available, online downloadable, datasets such as 

Google Earth™ (e.g. Ploton et al., 2012) or Global Forest Watch (e.g. Bax and 

Francesconi, 2018). Working in collaboration with Google Earth Engine, the 

University of Maryland has released a global, open-access, 30m resolution raster 

dataset derived from Landsat (Hansen et al., 2013) enabling spatial and temporal 

trends in forest loss and gain to be quickly quantified for any given area i.e. spatially 

explicit polygon. More recent advances include daily deforestation alerts at a 250m 

spatial resolution from FORMA250, which uses MODIS (Hammer et al., 2014) 
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providing useful real-time data to conservation practitioners (Wheeler et al., 2018). 

Commercial sources of data can also be purchased at even higher resolutions, for 

example, 5m pixel sizes from DigitalGlobe (www.digitalglobe.com). Thus, the use of 

open-access, high resolution, satellite imagery has become common-place, rendering 

resources such as the Global Land Cover Facility, running for over 20 years, redundant 

and closing as of the end of 2018 (www.landcover.org/shutdown). 

Deforestation processes have been quantified using a variety of statistical models 

including Random Forest (Bax and Francesconi, 2018, Sanchez-Cuervo and Aide, 

2013), Artificial Neural Networks (Arekhi and Jafarzadeh, 2012), Ordinary Least 

Squares Regression (Bax et al., 2016) and Binary Logistic Regression (Bray et al., 

2008, Gayen and Saha, 2018). Rates of forest loss are idiosyncratic depending on local 

threats and pressures (McCarthy and Tacconi, 2011) but broadly include conversion to 

arable and pastoral agriculture (Armenteras et al., 2017), timber extraction (Lewis et 

al., 2015) and human population growth (Lewis et al., 2015). The agricultural 

productivity of soils post-deforestation typically declines (Kleinman et al., 1995), 

especially in the tropics and on steep (i.e. higher altitude) slopes due to leaching by 

rainfall and nutrient runoff causing pollution of freshwater resources (Craswell et al., 

1997). Road network development magnifies such threats (Soares-Filho et al., 2004), 

facilitating forest access (Arekhi and Jafarzadeh, 2014, Bax et al., 2016, Bray et al., 

2008, Ellis et al., 2017, Gayen and Saha, 2018). Subsistence fuelwood extraction, 

whilst less impactful than commercial deforestation, can nevertheless significantly 

affect forest biodiversity (Ruger et al., 2008). 

This study aimed to quantify deforestation rates in an area of biodiverse Neotropical 

cloud forest in Central America, capturing temporal trends and allowing future risk of 

forest loss to be predicted using a freely available dataset. Cusuco National Park is 

http://www.landcover.org/shutdown)
http://www.landcover.org/shutdown)
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home to 43 species from 26 families of non-volant terrestrial mammals (Hoskins et al. 

2018), 238 species of bird (Martin et al., 2017) and is ranked as one of the most 

important sites for biodiversity out of 173,000 protected sites assessed globally (Le 

Saout et al., 2013). High-resolution spatial patterns in forest loss were modelled to 

determine the factors contributing to local deforestation processes and the spatial 

spread of forest loss at the landscape-scale. The objective was to highlight regions at 

greatest risk of future forest loss to empower and enable Government, law 

enforcement, forest managers and conservation organisations to target conservation 

resource investment spatially, enforcing legal protections to limit ongoing 

deforestation and its associated biodiversity loss. 

 

 
 

6.2 Methods 
 

6.2.1 Study area 
 

For full description see Chapter 1.7. 

 

 

6.2.2 Quantifying deforestation 

 

Annual rates of deforestation within Cusuco National Park were estimated using 

Global Forest Watch (www.globalforestwatch.org) supported by the University of 

Maryland (https://earthenginepartners.appspot.com/science-2013-global-forest) 

originally published as Hansen et al., (2013) but subsequently updated online on a 

quarterly basis. Raster (cellularised or pixelated) maps were downloaded at a 30m cell 

resolution with a total extent of 391,843 pixels (352.7km2) covering Cusuco National 

Park within a bounding rectangle. Trees were defined as vegetation >5m in height and 

forest cover was expressed as the percentage cover of vegetation taller than 5m within 

each pixel (see Hansen et al., 2013 for full details). Forest loss was defined as change 
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from a forest to non-forest state during the period 2000 to 2017 (forested = 0 and 

deforested =1). Forest loss was disaggregated to annual time slices creating a time-

series for the progress of deforestation. The area deforested annually, as well as the 

cumulative total area deforested, since 2000 (the baseline) was calculated for the park’s 

core and buffer zones separately enabling assessment of the impact of zonal protection. 

To contextualize local deforestation rates, the average rate of global tropical 

deforestation was obtained from Achard et al. (2014) whilst the average rate within 

Honduras was obtained from Armenteras et al. (2017). To examine anthropogenic and 

environmental correlates of deforestation, twelve parameters (Table 6.1) were 

generated for each pixel using ArcMap 10.5 (ESRI, California, USA). WorldClim 

environmental variables were used following e.g. Bax and Francesconi (2018). 

 

 
6.2.3 Statistical Analysis 

 

Descriptive statistics were used to describe annual and cumulative deforestation within 

Cusuco National Park expressed as extent (km2) and percentage of the total study area 

(%). To assist with conceptual visualisation, the total extent lost annually was 

converted to units equivalent to American football fields (91.44 x 48.80m = 4,462m2). 

Annual deforestation rates were not normally distributed, as determined using a 

Shapiro-Wilk’s test (W=0.66, p<0.05) and thus comparisons with the global (Achard 

et al. 2014) and Honduras-specific (Armenteras et al. 2017) deforestation rates utilised 

One-sample Wilcoxon tests. The cumulative area deforested was extrapolated into the 

future using a linear regression to estimate the total area at risk by 2040 assuming a 

‘business-as-usual’ model i.e. if current rates of loss continue on the same trajectory. 
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Table 6.1 List of potentially explanatory variables (and their definition) used as independent 

predictors when modelling deforestation in Cusuco National Park, northwest Honduras. 

Multicollinearity between variables was assessed using Pearson correlation with one of each 

pair of significant bivariates (rp >0.7) removed (Appendix 3). Those retained for inclusion in 

the model are marked by *. 
 

# Variable name Description 

1 dist.corezone* Shortest distance to the core zone boundary; positive values 

from sites within the buffer zone and negative values from sites 

within the core zone 

2 Dist.boundary Shortest distance to the buffer zone outer i.e. park boundary 

3 Avg.forest.cover* Percentage forest cover at 30m cell resolution downloaded from 

Hansen et al. (2013) 

4 area.def.1km* The number of deforested pixels within 1km radius of each 

pixel, downloaded from Hansen et al. (2013) 

5 dist.camps Shortest distance to the nearest research station (camp) 

6 dist.transect Shortest perpendicular distance to the transect 

7 dist.roads* Shortest distance to the nearest marked road downloaded from 

diva-GIS.org and ground-truthed by driving with a Garmin 

GPSMAP 4S with missing roads georeferenced and added 

8 dist.village* Distance to the nearest village. Villages located using local 

knowledge and georeferenced using a Garmin GPSMAP 4S. 

9 bio1 Annual mean temperature at a 30s (~1km2) resolution 

downloaded from www.worldclim.org/bioclim 

10 bio12 Annual precipitation at a 30s (~1km2) resolution downloaded 

from www.worldclim.org/bioclim 

11 elevation* Digital elevation model at 30m resolution 

12 slope* Derived from digital elevation model using ArcGIS ‘Slope’ tool 
  from the ‘Spatial Analyst’ toolbox  

http://www.worldclim.org/bioclim
http://www.worldclim.org/bioclim
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The total area deforested by 2000, and that predicted by 2040, was converted from 

extent (km2) to megatonnes of carbon (MtC) based on the median carbon content of 

tropical mountain ecozones (62 MgC ha−1) following Houghton and Nassikas (2017). 

Spatial autocorrelation in the pattern of forest loss was assessed using Moran’s I 

statistic. Significant spatial autocorrelation was accounted for in subsequent analyses 

using Anselin Local Moran’s I, a type of cluster and outlier analysis, to categorise five 

types of local association i.e. low-low value associations (0-0), high-low value 

associations (1-0), low-high value associations (0-1), high-high value associations (1- 

1) and no significant associations (random patterns). These were recoded as a single 

nominal factor with five levels (i.e. 1, 2, 3, 4 & 5). All spatial analyses were conducted 

using the Analysing Patterns and Mapping Clusters Spatial Statistics toolboxes of 

ArcGIS. 

Candidate potential drivers of deforestation were examined by fitting forest loss as 

the dependent variable in a Generalised Linear Mixed Model (GLMM) assuming a 

binomial distribution (0/1) and a logit link function, accounting for spatial 

autocorrelation by fitting Anselin Local Moran’s I categories as a Random Factor. 

Anthropogenic and environmental variables (Table 6.1) were fitted as covariates. 

Multicollinearity between variables was assessed using Pearson correlation and one of 

each pair of significant bivariates (rρ>0.7) was removed, in other words, the one with 

the lowest correlation coefficient with the dependent variable (for example, 

deforestation) (see Appendix 3). Modelling used the lme4 package (Bates et al., 2015) 

in RStudio desktop version 1.1.383 (RStudio Team, 2016). Logistic functions i.e. s- 

shape curves, as modelled by binomial GLMMs, are relatively straightforward to plot 

but fail to adequately illustrate relationships in a manner easily interpretable. Thus, to 

demonstrate significant predictors of forest loss more simply, I plotted linear 
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regressions between each predictor (collapsed into ordinal categories of ascending 

value) and forest loss. The predicted probability of forest loss for each pixel was 

mapped using ArcGIS. The mean predicted probability of forest loss within a 2km 

buffer around each village within the national park was extracted such that they could 

be ranked in descending order of likely surrounding forest loss such that conservation 

programmes can spatially target educational and protection efforts. Predicted 

probabilities of forest loss surrounding each village were compared to all values 

throughout the park using a two-sample t-test such that those villages with risk 

significantly above or below average could be identified. 

 

 
 

6.3 Results 
 

A total of 227.9km2 (94.16%) of Cusuco National Park was forested during 2000 

(baseline) of which 17.59km2 (>7% of the forested area), equivalent to 3,941 American 

football fields, was lost by 2017 (Table 6.2). The average annual loss (± 95%CI) from 

2001 to 2017 was 1.03 ± 0.99km2 (0.43 ± 0.41%). Annual deforestation rates varied 

17-fold from 0.25 to 4.31km2 (0.10 - 1.78%) reaching an unprecedented peak during 

2017, the last year of data analysed (Fig. 6.1). Average annual deforestation in Cusuco 

National Park did not differ from the global tropical deforestation rate (Wilcoxon V = 

-48, p=0.190) of 0.49% from 1990-2010 (Achard et al. 2014) and was significantly 

lower than that for Honduras (Wilcoxon V = -51, p<0.001) at 1.18% (Armenteras et 

al, 2017). 
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Table 6.2 Annual extent of forest cover and loss (in km2 and percentage of the total area) comparing the 

core and buffer zones of Cusuco National Park, northwest Honduras, from 2000-2017. 
Year   Core     Buffer     Total   

 Fores 

ted 
km2

 

Deforested 
km2 (%) 

Cumulati 

ve loss 
(%) 

Forest 

ed km2
 

Deforested 
km2 (%) 

Cumulati 

ve loss 
(%) 

Forest 

ed km2
 

Deforested 
km2 (%) 

Cumulati 

ve loss 
(%) 

2000 72.01 1.25 (1.70) - 155.93 12.9 (7.64) - 227.90 14.15 (5.84) - 

2001 71.94 0.07 (0.09) 0.09 155.65 0.28 (0.17) 0.17 227.55 0.35 (0.14) 0.14 
2002 71.88 0.06 (0.08) 0.17 154.92 0.73 (0.44) 0.60 226.76 0.79 (0.33) 0.47 
2003 71.87 0.01 (0.02) 0.19 154.51 0.41 (0.24) 0.84 226.34 0.42 (0.17) 0.64 

2004 71.83 0.04 (0.06) 0.25 154.12 0.39 (0.23) 1.08 225.91 0.43 (0.18) 0.82 
2005 71.76 0.07 (0.10) 0.35 153.68 0.44 (0.26) 1.34 225.39 0.51 (0.21) 1.04 
2006 71.75 0.01 (0.01) 0.36 153.43 0.24 (0.14) 1.48 225.14 0.25 (0.10) 1.14 

2007 71.47 0.28 (0.38) 0.74 151.55 1.88 (1.12) 2.60 222.98 2.16 (0.89) 2.03 
2008 71.39 0.08 (0.11) 0.85 150.69 0.86 (0.51) 3.11 222.03 0.95 (0.39) 2.43 
2009 71.27 0.11 (0.15) 1.01 150.19 0.50 (0.30) 3.40 221.42 0.61 (0.25) 2.68 

2010 71.06 0.21 (0.28) 1.29 149.52 0.67 (0.40) 3.80 220.54 0.88 (0.36) 3.04 
2011 70.83 0.24 (0.32) 1.61 148.84 0.67 (0.40) 4.20 219.63 0.91 (0.38) 3.42 

2012 70.68 0.15 (0.20) 1.81 148.34 0.50 (0.30) 4.50 218.98 0.64 (0.27) 3.69 

2013 70.58 0.10 (0.14) 1.95 147.91 0.43 (0.26) 4.75 218.45 0.53 (0.22) 3.91 
2014 70.43 0.15 (0.21) 2.16 147.42 0.49 (0.29) 5.05 217.80 0.65 (0.27) 4.17 
2015 70.16 0.27 (0.36) 2.52 146.79 0.62 (0.37) 5.42 216.91 0.89 (0.37) 4.54 

2016 69.66 0.50 (0.68) 3.21 145.00 1.79 (1.06) 6.48 214.63 2.29 (0.95) 5.49 

2017 68.85 0.81 (1.11) 4.32 141.51 3.50 (2.07) 8.55 210.31 4.31 (1.78) 7.27 

 

 

 

 

 
 

Fig. 6.1 Annual (dotted line) and cumulative (solid line) deforestation (km2) in Cusuco 

National Park, northwest Honduras, from 2001 to 2017.  Cusuco totals 234.4km2 in area.  
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Since 2000, the majority (82%) of forest loss in Cusuco National Park occurred 

within the buffer zone, most commonly in the north and northwest of the Park, 

although in recent years (for example between 2010 and 2016) deforestation began 

spreading in the southwest and eastern parts of the buffer zone (Fig. 6.2). Patterns of 

deforestation were significantly spatially autocorrelated (Moran’s I = 0.05, Z score = 

23.1, p<0.001), indicating of a high degree of clustering. 

 

 

 
 

Fig. 6.2 Forest cover (green) and forest lost (yellow) during the year 2000 (baseline) and 2017 

(last year) of our time-series (top row) in Cusuco National Park, northwest Honduras, showing 

the spatial progression of the cumulative area deforested (black) each year (lower panels). 
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Forest loss was highly associated with forest cover (Table 6.3, Fig. 6.3) with regions 

of low cover e.g. 0-10% experiencing lowest loss i.e. ~4% and regions of highest cover 

e.g. 91-100% experiencing greatest loss i.e. ~9% (Fig. 6.4a). The vast majority of the 

park (ca. 76%) had the highest category of forest cover (91-100%). Forest loss was 

associated with the cumulative area deforested within a 1km buffer of the focal pixel 

i.e. within the immediate landscape (Table 6.3, Fig. 6.3) with regions of 0-2% 

landscape-level deforestation losing ~5% of focal pixels and those of 7-8% landscape-

level deforestation losing ~20% of focal pixels (Fig. 6.4b). Most of Cusuco National 

Park occurs within the lower categories of forest loss i.e. relatively little of the park 

has high rates of landscape-level deforestation, though such regions experienced the 

worst loss. It should be noted that this relationship does not represent patches of forest 

loss growing in size but rather the appearance of new discrete patches of loss within an 

overall landscape experiencing deforestation. There was a weak trend for slope to 

impede deforestation (Table 6.3, Fig. 6.3) with flat areas (0-10o slope) losing ~10% 

and steep areas (51-60o slope) losing <4% (Fig. 6.4c). There was a negative 

relationship between deforestation and distance to the core of Cusuco National Park 

(Table 6.3, Fig. 6.3) with regions in the buffer zone closest to the park boundary at 

greatest risk although our model did identify some clusters of high forest loss even 

within the core zone (Fig. 6.4a). 
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Table 6.3 GLMM results showing variables significantly associated with deforestation 

(binomial model 0/1) in Cusuco National Park, northwest Honduras. Those resulting in a p- 

value lower than 0.05 are highlighted in bold. Spatial autocorrelation was controlled for by 

fitting Anselin Local Moran’s I as a Random Factor. β values are directly comparable as 

variables were standardised prior to analysis. 
 

Explanatory variables Z β ± s.e. n.df. d.df. p 

Avg.forest.cover 10.457 0.356 ± 0.034 1 391,833 <0.001 

area.def.1km 4.980 0.188 ± 0.038 1 391,833 <0.001 

dist.village 0.456 0.015 ± 0.034 1 391,833 0.648 

dist.roads 0.040 0.001 ± 0.037 1 391,833 0.968 

elevation -0.330 -0.012 ± 0.036 1 391,833 0.741 

slope -1.730 -0.060 ± 0.035 1 391,833 0.084 

dist.corezone -3.987 -0.170 ± 0.043 1 391,833 <0.001 

 

 

 

 

Fig. 6.3 Size of effects on risk to deforestation in Cusuco National Park, northwest Honduras, 

where: black points represent mean β-estimates and black lines represent 95% credibility 

intervals. 
 

 

Fig. 6.4 Linear regressions of forest loss (%) against A) forest cover (%), B) extent of 

deforestation within 1km and C) slope in degrees (bottom panel) and a frequency histogram 

of each in terms of the total extent (area) within Cusuco National Park, northwest Honduras 

(top panel). 
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Fig. 6.5 A) GLMM predicted probabilities of deforestation risk throughout Cusuco National 

Park, northwest Honduras (top panel) showing greatest risk in the north and north-west of the 

buffer zone (outer polygon) but also note ‘hotspots’ within the core zone (inner polygon). 

Triangle symbols represent camps. B) mean predicted probabilities within 1km of each village 

that lies within the Cusuco National Park allowing villages to be ranked in order of 

deforestation risk (Table 4). 



Chapter six 

132 

 

 

Villages associated with forest loss significantly worse than average throughout the 

park included La Estrella (t= 10.835, p<0.001), Tierra Santa (t= 7.443, p<0.001), 

Regadio (t=6.2774, p<0.001), Santo Tomas (t=5.2863, p<0.001) and Nueva Esperanza 

(t=3.4186, p<0.001). Villages were ranked in descending order of deforestation risk 

(Table 6.4) and degree of risk visualised (Fig. 6.5b). 

 

 
 

Table 6.4 Mean ± 1 SD of the predicted probability of deforestation within a 1km buffer 

surrounding each village within the buffer zone of Cusuco National Park, northwest Honduras. 

Statistical results present a t-test between values within each 1km buffer and the park as a 

whole. 

Rank Village name Coordinates x̄   probability of       

deforestation 
± SD 

t p 

1 La Estrella 15°33’32”N, 088°20’53”W 0.14 ± 0.34 10.835 <0.001 

2 Tierra Santa 15°34’29”N, 088°17’27”W 0.11 ± 0.33 7.443 <0.001 

3 Regadio 15°27’59”N, 088°18’04”W 0.11 ± 0.27 6.277 <0.001 

4 Santo Tomas 15°33’42”N, 088°18’01”W 0.10 ± 0.28 5.286 <0.001 

5 N. Esperanza 15°32’45”N, 088°14’39”W 0.09 ± 0.28 3.419 <0.001 

6 Corpus 15°34’42”N, 088°15’40”W 0.08 ± 0.33 0.350 0.730 

7 Bañaderos 15°30’46”N, 088°10’22”W 0.08 ± 0.25 0.353 0.720 

8 Las Palmas 15°34’56”N, 088°18’37”W 0.06 ± 0.28 -4.893 <0.001 

9 Nueva Eden 15°31’34”N, 088°11’31”W 0.05 ± 0.27 -7.118 <0.001 

10 Buenos Aires 15°30’02”N, 088°10’53”W 0.03 ± 0.19 -13.754 <0.001 

11 Colorado 15°28’59”N, 088°11’11”W 0.02 ± 0.19 -19.399 <0.001 

12 La Fortuna 15°29’19”N, 088°15’27”W 0.01 ± 0.16 -42.264 <0.001 

Overall x̄ for Cusuco National Park 0.07 ± 0.26   

 

 

 

6.4 Discussion 

 

As a small but biodiverse expanse of Neotropical cloud forest, the deforestation rate 

in Cusuco National Park was similar to the global tropical deforestation average 

(Achard et al., 2014) but notably lower, at around a third, of that observed throughout 

Honduras (Armenteras et al., 2017). Most forests within Honduras have little legal 

protection and the lower rates of loss in Cusuco relative to the rest of the country may 

reflect its protected status as a National Park as demonstrated for the protection of 

birds in the same area (Martin and Blackburn, 2009). Notionally this is one of the 

highest protected designations and there are only 11 designated sites in Honduras with 
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comparable protection (ICF, 1987). Despite such legislative protection, illegal 

deforestation not only occurs, but the cumulative area deforested has increased  since 

2000 within Cusuco National Park, with the highest annual loss occurring in2017; the 

last year of analysed data. Zonal protection is evidently important given the notably 

higher rates of forest loss in the park’s more accessible and less protected buffer zone 

compared to the remoter, more protected core zone. Within the core zone (directly 

translated from the original Water Protection Act 87-87 as “untouchable”), no lasting 

human impact is permitted (i.e. no dwellings, wood extraction, road construction, 

hunting nor agriculture). Within the buffer zone, such activities are permitted under 

licence although forestry is banned beyond extraction of “dry wood” for subsistence 

fuel. Given that 12 villages are located within the buffer zone of Cusuco National Park 

it seems likely that degradation of remaining forest is inevitable (Robinson et al., 2013). 

Local people are poorly informed regarding differential protections between the buffer 

and core zone and are often unaware of the location of the park’s boundary and the 

core-buffer boundary (Hoskins pers. obs.). Moreover, there is local resentment toward 

prevention of local deforestation and active reforestation programs currently underway 

by DIMA, the Municipal Department of Environment (Hoskins pers. obs.). 

Legislative enforcement in Cusuco National Park is weak and prosecutions for 

deforestation rare (Franklin Castañeda pers. comm.). Thus, lower rates of forest loss 

in the core zone may be as much to do with its inaccessibility relative to the buffer 

zone (Gaveau et al., 2009). The buffer zone provides a physical barrier between non- 

protected lands beyond the park and the core zone, whilst the location of the park 

within a montane region means the core zone is at higher elevation and, consequently 

in the case of Cusuco, has steeper slopes, than the buffer zone. Slope provides some 

protection from forest loss as most deforestation occurred on flat, more accessible, 

easier to work ground that is better, less easily eroded, agricultural land once cleared 
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(Ochoa-Gaona and Gonzalez-Espinosa, 2000). Palm oil production is a major driver 

of land use change within Honduras (Furumo and Aide, 2017) for which Cusuco 

National Park is largely unsuitable due to issues of access. Thus, improvements to the 

road network present a direct threat with respect to future forest losses; a finding that 

has been reported elsewhere (e.g. Piquer-Rodríguez et al., 2018). 

Spatial patterns of deforestation throughout Cusuco National Park were highly 

clustered. A reasonable hypothesis might be that once an area is cleared it may be 

easier to continue clearing around its edges such that patches of forest loss grow in 

extent; thus forest loss would be expected to exhibit significant spatial autocorrelation 

(i.e. deforestation begets deforestation). However, this does not necessarily appear to 

be the case in Cusuco National Park. Relatively few of the 30m pixels analysed within 

the park were in landscapes that had large previously cleared areas i.e. the cumulative 

area deforested within a 1km buffer of each focal pixel was on average very low. 

Nonetheless, there was a positive relationship between the probability that a cell was 

deforested and the total area deforested in the surrounding 1km landscape. Moreover, 

forest loss was highly associated with forest cover, with the most pristine areas of 

forest (for example, 91-100% forest cover) possessing the greatest risk of forest loss. 

Taken together these findings suggest that deforestation is a landscape-scale problem 

in Cusuco National Park, with some landscapes being vulnerable to forest loss, 

although new areas of loss not typically being extensions of existing deforested 

patches but rather arising nearby (within a few kilometres), in regions of continuous 

high density forest cover with most patches small in extent. Shade grown coffee is a 

premium product and may encourage the deforestation of relatively small isolated 

forest patches such that any coffee planted benefits from adjacent shade. Much of the 

land cleared in the north and west of the buffer zone is used for agriculture including 

cattle grazing and the growing of cardamom or coffee (Hoskins pers. obs.). Patches of 
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forest lost closer to, or within the core zone, are not readily converted to agricultural 

land. This disconnect is further supported by the fact that deforestation in this region 

was not driven by the factors most commonly associated with forest loss elsewhere in 

the world, for example, distance to roads (Brun et al., 2015; i.e. ease of exporting logs) 

or elevation (Hall et al., 2009; i.e. accessible lowland areas). Relatively little of the 

logged timber in Cusuco National Park appears to be utilised or exported but is 

frequently left in-situ (Hoskins pers. obs.) suggesting that it is the land, and not the 

timber, that is valued. 

The people clearing forest seem likely to become familiar with an area once they 

have cleared a patch of forest and may find it easier to return using established access 

routes, rather than finding an entirely new landscape to exploit. Timber is used as a 

local fuel source for heating homes and cooking food and its local transport (on the 

back of bicycles or in the flatbeds of SUVs) is frequently observed (Hoskins pers. 

obs.) thus new areas of forest clearance nearby existing cleared areas may keep the 

physical effort of transporting timber low when exploiting areas are proximate. 

Moreover, isolated patches of forest have been cleared to grow either illegal drugs, for 

example, cannabis (Niall McCann pers. comm.) or cardamom which, given its strong 

smell, can be used to enclose and conceal drug packages during transport. Furthermore 

it has been demonstrated that within Honduras it is common practice for money 

laundering by drug cartels to be carried out through land conversion to agricultural 

pastures (Sesnie et al., 2017) with informal interviews (Hoskins unpublished data) 

revealing individuals from local communities being paid high prices to clear land 

(although interviewees were understandably reticent to divulge details). I hypothesise 

that deforestation close to, or within, the core zone may occur in small patches of high 

forest cover so that that those responsible are effectively hidden from being observed. 

This reduces risk of prosecution, allows fuel wood to be harvested and creates a 
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clearing that can be used for isolated patches of agriculture, growing illegal drugs (so 

called ‘narco-deforestation’) and/or associated products. Some deforested patches do 

grow in extent whilst their proliferation in the wider landscape degrades the forest 

making it ever more accessible and open. This leads to those areas close to human 

habitation eventually transitioning to a semi-open agricultural landscape, as now seen 

in the north and west around such villages as Tierra Santa and Santo Tomas. All 

settlements, both small and large, that surround Cusuco are reputed to be under the 

influence of gangs, for example, Mara Salvatrucha (MS13) and Barrio 18 (L.A. pers. 

comm.), making legal enforcement and protection of the forest weak. Our ranking of 

villages associated with greater surrounding deforestation risk should help inform 

local law enforcement such that patrol wardens focus on areas at greatest risk. 

Currently, army patrols occur in the south of the core zone due to the presence of a 

research station and its accessibility by road but they are not known to occur elsewhere 

within the park, for example, the north and west; the areas under greatest threat. 

Global forest conservation has focused in recent years on the role of deforestation 

in atmospheric enrichment by carbon as much as biodiversity loss. The REDD+ 

scheme (Reducing Emissions from Deforestation and forest Degradation) aims to 

foster conservation, sustainable management of forests and enhance forest carbon 

stocks as conceived by the United Nations (UN) Framework Convention on Climate 

Change. REDD+ funded projects range from small-scale voluntary carbon credit 

schemes to government-enforced climate-change policy actions (Asiyanbi, 2016). 

Various organisations have adopted REDD+ to promote community-investment with 

the aim that these projects may be sustainable in the long-term (e.g. Newton et al., 

2015). We estimated that 109,058MtC have been liberated into the atmosphere due to 

deforestation in Cusuco National Park since 2000 which will rise to >200,000MtC by 

2040. Biodiversity loss associated with forest loss can independently reduce carbon 
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stocks further (Bello et al., 2015), ultimately leading to REDD style projects failing 

(Hinsley et al., 2015). Voluntary carbon offset schemes need to account for the risk 

that seemingly well-protected forests (where tree felling has ceased) may suffer from 

‘empty forest syndrome’ if threats to biodiversity are not tackled simultaneously to 

carbon fluxes (Hinsley et al., 2015). Thus, a holistic ecosystem-based approach is 

needed to manage forest cover, biodiversity and carbon fluxes. 

Given the linear trend in forest loss, I predict that the area deforested in Cusuco 

National Park will double by 2040 if current ‘business-as-usual’ deforestation rates 

continue. More worryingly, annual rates of loss, rather than stabilising or declining, 

have peaked in recent years (for example 2017), suggesting that the situation can be 

easily exacerbated. Large mammals are hunted within the park (Hoskins et al. in prep), 

most likely supported and facilitated by the fact that ongoing deforestation creates 

disturbance and greater forest access. Any further loss of forest cover and 

fragmentation of remaining forest patches is likely to threaten biodiversity further in 

the park. 

This study demonstrates that protected and highly biodiverse Neotropical cloud 

forest remnants not only remain at great risk from deforestation (and associated 

defaunation), but that risk has markedly increased in some regions recently, despite 

the highest levels of legislative protection. I show that national park protections in 

Honduras may be becoming ineffectual, with one of the country’s most biodiverse 

cloud forests still vulnerable to ongoing forest loss. Our model of the spatial pattern 

of deforestation provides a better understanding of local anthropogenic drivers of 

forest loss (forest cover, zonal protection and landscape-level vulnerability i.e. 

proximity to existing deforested areas and slope). Our spatial predictions of the 

probability of deforestation risk should empower government, law enforcement, forest 
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managers and conservation organisations to target resource investment into enforcing 

legal protections in-and-around villages associated with greatest deforestation risk. 



 

 

Chapter 7 

 

General discussion 
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7.1 Thesis overview 

 

Designation of protected areas, particularly in rare and threatened biomes such as 

Neotropical montane cloud forests is an important element of biodiversity 

conservation both at the local and global scale. The efficacy of such designation is, 

however, dependent on conservation resource provisioning and legislative 

enforcement whose failures mean that protected areas can be de facto “paper parks” 

with little demonstrable real-world benefit to the biodiversity. This study provides a 

thorough assessment of mammalian biodiversity within one such protected area, 

Cusuco National Park, which is a site of global importance due to its high biodiversity 

and rate of endemism. The results reveal that this ecosystem has already been 

significantly impacted by human activities and is under severe existential threat from 

ongoing deforestation and mammalian defaunation raising difficult political questions 

over the efficacy of its designation as a National park; notionally one of the highest 

priority designations for any protected area. 

A comprehensive mammalian species inventory was compiled from over a decade 

of monitoring and surveillance to describe what species were present and to flag those 

of particular conservation or policy relevance (Chapter 2). Species Distribution 

Models allowed the spatial pattern of mammal records to be analysed identifying key 

areas i.e. an assessment of diversity within the National park’s core verses buffer zones 

(Chapter 3). Analysis of the temporal trends in standardised species detection rates 

identified rapid ongoing mammalian defaunation where a number of important species 

groups, regardless of body size or status as targets of bushmeat hunted, were shown to 

be in steep decline over the last decade (Chapter 4). Such was the rapidity of these 

declines that it was predicted that Cusuco National Park might be completely devoid 

of most terrestrial mammals by the mid-2020s. Moreover, investigation of the 
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methods of monitoring and surveillance of large terrestrial mammals suggested even 

the best intentioned and careful protocols may impact mammal distribution inducing 

avoidance behaviours such that patterns in mammal occurrence may be partly driven 

by the presence of scientists and students collecting biodiversity data (Chapter 5) 

raising concerns over best practice in conservation biology generally. Quantification 

of tree cover in a satellite imagery time-series covering much the same timeframe also 

revealed substantial, ongoing and worsening rates of deforestation since 2000 to 

present allowing spatial patterns in forest loss to be identified flagging the northwest 

of the park as particularly vulnerable (Chapter 6). Probabilities of forest loss and large 

hunted mammal occurrence were negatively correlated and villages associated with 

the highest rates of forest loss and lowest rates of mammal occurrence were identified 

to allow the targeted investment of conservation resources into the protection of the 

most vulnerable areas. 

This study provides an empirical assessment of the conservation status of terrestrial 

mammals within a threatened remnant of Neotropical cloud forest. The data and 

analysis included here may help to inform directing of the activities of local 

Government, forestry managers, patrol wardens, legislative enforcement officers and 

conservation charities in investing limited resources in a targeted manner. This will 

increase the efficacy of protection and prevent the near imminent mammalian 

defaunation of Cusuco National Park, a key location within the Mesoamerican 

Biodiversity Hotspot. 

 

 

 
7.2 The mammalian community of Cusuco National Park 

 

Cusuco National Park has been flagged as being “irreplaceable” in terms of its 

biodiversity within a global network of some 173,000 assessed protected areas (Le 
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Saout et al.,2013). Despite other taxa having been assessed, there had been no 

assessment of the terrestrial (non-volant) mammals within the park. Therefore, it was 

unknown whether the site was notable for its mammalian biodiversity. This work was 

primarily important because without knowing what species are present nor their 

encounter rates, it is difficult for conservation to be effective. We do not know what 

is being lost if we are not aware of what is present in the first place. 

Collation of thirteen years of monitoring and surveillance suggested mammal 

discovery rates had reached near-asymptote such that there can be fair confidence that 

species lists are near completion (with the exception of arboreal species which have 

been poorly sampled or species difficult to monitor, for example, fossorial burrowing 

species). Key species confirmed within the park included Baird’s tapir (Endangered), 

margay (Near Threatened) and Omoa broad-clawed shrew (no conservation 

assessment available) which is restricted to the Merendón mountain range and only 

recorded once before (Woodman, 2015). Most notably, the presence of the top predator 

in the Americas, the jaguar (Near Threatened) was recorded as present for the first 

time despite its presumed absence. The latter is particularly important as any 

ecosystem that can support a top predator can be assumed to have a reasonable prey 

base present and thus a functioning food web. Moreover, the jaguar is a potent symbol 

of wildness and a flagship species around which ecosystem protection and 

conservation can be marshalled. 

 

 
 

7.3 Anthropogenic influences on mammalian distributions 

 

Most primary drivers of species distributions are abiotic (climatic) or biotic 

(interspecific interactions). However, in the Anthropocene species range limits may 
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be restricted more by human activities than natural environmental variation. The 

distribution of species within mammalian community of Cusuco National Park 

appears to be driven by zonal location, proximity to the associated threat of 

deforestation, and the national parks boundaries. This demonstrates a lack of efficacy 

in protection whereby the site’s status as a National park has not prevented biological 

communities from being influenced wholesale by human activities encroaching from 

the surrounding landscape causing disturbance, habitat degradation and loss, and direct 

mortality. 

Explicit identification of villages within the area should provide clear unambiguous 

direction for legislative enforcement through preventative community-led patrols that 

hitherto have had a limited effect on protection. Whilst Baird’s tapir has disappeared 

from monitored survey transects it seems likely that the species may still be present in 

some of the more remote unsurveyed forested landscape. Cusuco National Park was 

once thought of as a stronghold for this otherwise endangered species and yet, despite 

the presence of a conservation organisation working in the area (Operation Wallacea 

Ltd.), tapirs have undergone a dramatic and precipitous decline. Efforts should focus 

on this species as a flagship under which ecosystem approaches should be 

implemented. Preventing deforestation and hunting is vital if the last remaining 

pockets of tapir and associated mammal communities are to survive the next few years. 

Where conservation enforcement focuses solely on the forest, continued 

defaunation leads to so-called “empty forests” (Redford, 1992). Whilst conservation 

actions provide an opportunity to halt activities that have restricting ranges (i.e. 

hunting), the ecological consequences of faunal extirpation long-term adds an urgency 

to landscape restoration. Areas with the lowest density of mammals may not 

necessarily be those with the highest risk of deforestation though broadly speaking the 
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probability of large hunted mammal species occurring in a given area is negatively 

associated with landscape level deforestation rates. Probability of large hunted 

mammal occurrence (see Fig. 3.5) was significantly associated with the local 

probability of deforestation (see Fig. 6.5), with a significant negative relationship 

(Spearman’s r = -0.65, p= 0.02). Thus, villages surrounded by higher levels of 

deforestation also had the lowest probability of supporting large hunted mammals 

(habitat destruction and degradation go hand-in-hand with mammalian defaunation). 

Consequently, the ultimate conundrum is whether those villages surrounded by 

lowest probability of mammal occurrence are in greatest need of intervention or 

whether resources would be better invested to ensure that those areas where probability 

of occurrence is higher are targeted for better protection. Ideally, there should be 

intervention for both scenarios but creating the optimum strategy under logistical and 

financial constraints will be complex and nuanced. 

 

 
 

7.4 Dramatic mammalian defaunation 

 

Declines in population size of mammal groups can go unnoticed, not solely due to a 

lack of effective study but also through shifting baselines in the absence of long-term 

monitoring programs. Years of ongoing biodiversity surveys under standardized 

protocols by Operation Wallacea Ltd. provided an opportunity to investigate mammal 

population trends robustly in a manner not possible for most unstudied sites in the 

Neotropics. 

Declines in mammal detection over the past decade raise grave existential concerns 

about whether the ecosystem can avoid complete collapse. Rates of decline in large 

hunted species, small hunted species and even unhunted species have been so rapid 

that their local extirpation is imminent. A note of caution is that there is a possibility 
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that declines may be the result of an observer effect driving them away; however, 

declines occurred without major changes to observer numbers during surveys  and thus 

detection declines are likely reflective of actual population loss.  The urgency of 

ensuring patrols to prevent both deforestation and illegal hunting cannot be overstated 

where the endpoint should be widespread prosecutions for illegal activity and high-

level awareness of such enforcement within local communities to act as a preventative 

measure. However, environmentalism and conservation are highly dangerous in 

developing countries, disposed to corruption, where large numbers of activists are 

murdered annually as they threaten lucrative developments (Fig. 7.1). Local 

environmentalism in Honduras is extremely dangerous with campaigners and 

individuals involved in enforcement being at personal risk making it difficult to 

encourage reporting and/or cooperation. 

 
 

Fig. 7.1 Environmentalism is highly dangerous for high profile campaign figures in 

developing countries like Honduras where corruption is common. Examples of recent media 

coverage of conservationist murders (including the prominent Honduran activist Berta 

Cáceres) from the Guardian newspaper: 
ahttps://www.theguardian.com/world/2016/mar/03/honduras-berta-caceres-murder-enivronment- 

activist-human-rights 
bhttps://www.theguardian.com/environment/2018/feb/02/almost-four-environmental-defenders-a- 

week-killed-in-2017 

 

Cusuco National Park is comparatively small in extent (compared to larger 

http://www.theguardian.com/world/2016/mar/03/honduras-berta-caceres-murder-enivronment-
http://www.theguardian.com/environment/2018/feb/02/almost-four-environmental-defenders-a-
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rainforest areas such as the Amazon), but declines in mammal populations even within 

small Neotropical forest fragments are nonetheless of high importance. Much of the 

rainforest habitat remaining throughout the Neotropics is now fragmented, islandised, 

isolated and under threat. Thus, empirical description and understanding of ongoing 

threats within such a fragment is valuable for understanding the likely similar 

processes throughout the region. Aside from the direct consequence on the total 

abundance of key species, declining mammalian fauna will have significant ecological 

consequences within the remaining forest due to reduction and disruption of ecosystem 

service delivery. Many mammals are ecosystem engineers, providing herbivory, seed 

dispersal, insectivory, predation, pollination, nutrient cycling and even enhancing 

carbon capture of the forest (Corlett and Hughs, 2015). Shifts in the efficacy and 

delivery of these services will dramatically impact the functioning of the entire system 

threatening other endangered taxa not studied here, for example, Cusuco National 

Park’s prodigious and significant herpetofauna (Corlett and Hughs, 2015; Kurten, 

2013; Ripple et al., 2014). 

More generally, empirical field ecology is also under threat as many recent studies 

of, for example, defaunation and deforestation, are biased towards global meta- 

analyses often based on freely available datasets (e.g. Rios-Saldana et al., 2018) such 

that there is a paucity of local level detailed observation and natural history. Studies 

such as this are, therefore, notably valuable in providing contemporary first-hand 

observation and quantification of anthropogenic impacts on important ecosystems 

(Palacios et al., 2018). 
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7.5 Unintended consequences of biological monitoring 

 

There are nearly 100 publications that provide insights into various aspects of cloud 

forest ecology, a largely understudied habitat, that were made logistically possible 

through the support and infrastructure provided by Operation Wallacea Ltd. financed 

by paying volunteers. Operation Wallacea has a network of some 18 sites globally 

engaged in annual monitoring and surveillance of biodiversity (see www.opwall.com). 

Establishing constant effort transects, managing large teams of scientists and hundreds 

of students within sensitive ecosystems for the purposes of their protection may, 

nevertheless have unintended consequences. Prior to this study, it had been suggested 

that Baird’s tapir may be actively avoiding transect infrastructure within Cusuco 

National Park (McCann, 2015). However, previous data were based on tracks and signs 

and ad hoc “off-transect” surveys making it difficult to be certain of any effect. 

The use of a passive off-transect camera trapping protocol allowed the 

quantification of mammal detection rates to be assessed relative to on-transect surveys 

explicitly testing the hypothesis that some terrestrial mammals might actively avoid 

either survey transects or research stations (camps). Large hunted mammals, for 

example tapir, exhibited avoidance of research stations on a scale of kilometres whilst 

smaller unhunted species avoided survey transects on a scale of tens or hundreds of 

metres. Such an observation may be explained by short-term behavioural costs i.e. 

avoidance of nuisance disturbance (noise and smells) by working scientists and their 

teams during the field season only or may be long-term due to mammalian defaunation 

of survey infrastructure which may make populations vulnerable to hunting and other 

disturbances outside the biodiversity monitoring season. 

The dilemma is, if biodiversity research may be inducing either survey bias or 

defaunation, are the data unpinning spatial patterns and temporal trends robust and are 
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conservationists perpetuating anthropogenic impacts on mammals locally? Without 

monitoring and surveillance, the conservation status of the site would have remained 

unknown and even more vulnerable yet paradoxically some of our activities may be 

contributing to disturbance. 

 

 
 

7.6 Twin existential threats of deforestation and climate change 

 

Agriculture (for crops and pasture), timber extraction, increased economic wealth and 

human population growth are cited as major drivers of tropical deforestation globally 

(Lewis, 2015). Road network development maximises the efficiency of such threats, 

intensifying deforestation (Barber et al., 2014). Furthermore, there are important 

indirect drivers such as increasing population pressure and economic demand 

(Armenteras et al., 2017). However, such threats are not universal and are typically 

site-specific and idiosyncratic (McCarthy et al., 2011). 

In the case of Cusuco National Park, deforestation over the past two decades has 

been widespread but not uniform. Southern and eastern regions of the park support 

coffee farming and fuelwood extraction whilst northern and western regions are 

vulnerable to cattle grazing, cardamom growth and cartel-funded land clearing 

associated with narco-deforestation. Low income is indicative of low expenditure on 

fuel and electricity with over 30% of the world reliant on biomass such as fuelwood 

or dung for cooking fuel (IEA, 2017). Cutting trees for fuel is therefore a necessity for 

many. Subsistence fuelwood extraction, in spite of being less obviously destructive 

than commercial deforestation, can significantly affect biodiversity (Ruger et al., 

2008). Fuel wood extraction also affects forest structure and composition due to 

secondary recruitment where older, larger trees have been felled (Ruger et al., 2008). 

Particular wood types are favoured in the villages surrounding Cusuco National Park 
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including ‘ocote’ (pine) sought after for its fire-lighting properties (Roger Alvarenga 

pers. coms.). Furthermore, use of cleared land for keeping cattle or growing crops also 

drives deforestation due to soil exhaustion (Kleinman et al., 1995). 

Deforestation has numerous ecosystem-wide consequences. Tropical forests are 

the most biodiverse regions on earth (Wright, 2005) and without trees, the structural 

and functional habitat they provide are lost, threatening a multitude of species (Haddad 

et al., 2015), the most vulnerable of which are typically large-bodied mammals that 

are slow to mature and have a long reproductive period (Cardillo et al., 2005). Habitat 

degradation may also occur, resulting from damage to the understorey that occurs 

during extraction of wood thus leading to the reduction in forest quality (Lees and 

Peres, 2008). Furthermore, deforestation causes destruction of dispersal corridors vital 

for maintenance of large mammal populations (Ramiadantsoa et al., 2015). For 

example, Cusuco National Park is strategically important geographically in spanning 

a gap within the Central American Jaguar Corridor (Hoskins et al., 2018). 

Crucially, deforestation releases tonnes of carbon into the atmosphere each year (Le 

Quere et al., 2016) which contributes an estimated 7 - 14% of total yearly 

(anthropogenic) CO2 emissions (Harris et al., 2012). The latest Intergovernmental 

Panel on Climate Change (IPCC5) reports a lack of action and increased urgency for 

slowing global greenhouse gas (GHG) emissions with an emphasis on slowing 

deforestation-driven emissions. Fuel wood extraction is notably a significant part of 

the breakdown in carbon sequestration (Chan et al., 2015). Cusuco National Park and 

the region within which Cusuco is located has already warmed by 1.2°C (Berkeley 

Earth 2013, Fig. 7.2) with predictions of future warming by 2100 as high as 4°C above 

pre-industrial averages being at the extreme end of warming predictions globally. 

Cloud forests being montane habitats are particularly vulnerable to the impacts of 



Chapter seven 

150 

 

 

upslope range shifts induced by temperature increases and changes in precipitation 

patterns (Foster, 2001). Rates of forest loss in Cusuco National Park are notable with 

annual rates of loss peaking in recent years i.e. there is no slowdown in destruction. In 

addition, under business-as-usual forest loss in Cusuco, by 2040 there will be a further 

100,000MtC released into the atmosphere, at a minimum, potentially cementing 

temperature rise predictions represented as yellow, orange or red in Fig. 7.2. 

 

 

 

 

Fig. 7.2 Temperature anomaly from 1850-2017 (black line, uncertainty grey shading) from 

the region within which Cusuco National Park is located which has warmed 1.2°C compared 

to pre-industrial averages. Future predictions from Representative Concentration Pathways 

(RCPs), green line= RCP2.6, yellow line= RCP4.5, orange line= RCP6.0, red line= RCP8.5 

for the region. Adapted from https://www.carbonbrief.org/mapped-how-every-part-of-the- 

world-has-warmed-and-could-continue-to-warm. 

http://www.carbonbrief.org/mapped-how-every-part-of-the-
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An important function of cloud forests is the filtration of water through trees and 

soils downstream providing clean potable water for human consumption, crop 

irrigation and livestock maintenance (Martinez et al., 2009, Caballero et al., 2013). 

Indeed, Cusuco National Park and the adjacent Water Protection Area provide all the 

water to San Pero Sula a major city nearby, supporting 1.4M people across the whole 

valley (INE, 2013). The loss of trees poses a significant threat to the quality of these 

water sources (Martinez et al., 2009), that may become ever more vital in future under 

changing precipitation patterns particularly the increasingly unpredictable occurrence 

and severity of El Niño (Dai, 2013). Wild fires may spread more quickly in post- 

deforestation, drier, homogenous areas (Gutierrez-Velez et al., 2014) facilitating soil 

erosion and the pollution of water sources (Zavaleta et al., 2018). 

Using spatial data to inform deforestation prevention is essential (Etter et al., 

2006, Ghulam, 2014, Sanchez-Cuervo and Aide, 2013, Aguirre-Salado et al., 2017, 

Reddy et al., 2016, Reiche et al., 2016). A map of the probability of deforestation in 

Cusuco National Park based on the drivers associated with forest loss will allow the 

explicit targeting of patrols to identify illegal perpetrators of logging to be identified 

and convicted to slow rates of loss in future. Currently, military patrols are restricted 

to the southeast of the park yet most of the threat of deforestation is in the northwest 

requiring a realignment of patrol strategies for maximum efficacy. 

 

 
 

7.7 Illegal hunting 

 

There are a number of difficulties when quantifying hunting pressure, including the 

conspicuousness of researchers to local communities and the associated threat to 

personal safety. Encounters with hunters in the forest, whilst rare, do occur and involve 

a certain amount of tension. Collection of empirical data on what species are hunted, 
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levels of hunting pressure and impacts on populations are missing given the logistical 

difficulties in collecting such information. The use of proxy measures such as distance 

to villages has been useful and utilitarian but is not without its issues. In other regions 

(Conteh et al., 2015, Van Holt et al., 2010, Morsello et al., 2015), interviews of locals 

have been used to assess illegal hunting patterns. Such interviews rely on: a level of 

trust (even when games are used to ensure anonymity; St John et al., 2012), a lack of 

perceived consequences for dishonesty and a lack of suspicion of outsiders. An initial 

attempt to interview village residents throughout Cusuco National Park failed to secure 

any analysable data, as villagers were reluctant to divulge any information on what 

they knew was illegal activity whilst the safety of interviewers was questionable; thus, 

this approach was abandoned. Another alternative was the collection of spatial data on 

the location of hunting platforms found during mammal surveys. These are horizontal 

branches lashed to vertical trees 2-3m above ground level on which hunters perch with 

guns to shoot anything that passes beneath. These are obviously difficult to spot in a 

forested environment and any data on their distribution was only partial and spatially 

restricted meaning they were not included in any formal analysis. Nonetheless, the 

distribution of hunting platforms (Fig. 7.3) suggests they are widespread within even 

the core zone of Cusuco National Park meaning even the most geographically isolated 

large mammal communities are vulnerable. Despite good data on mammalian 

defaunation, the prevalence, distribution and intensity of illegal hunting in Cusuco 

National Park remains unknown. 
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Fig. 7.3 Opportunistically detected hunting platforms within Cusuco National Park (red dots). 

Platforms not associated with transect infrastructure were detected when travelling from the 

East to the West of the park where standardised surveys were not undertaken due to safety 

concerns (cartels are known to be active in this region). 

 

 

 

7.8 Future prospects for Cusuco National Park 

 

The outlook for Cusuco National Park is dependent on illegal rates of hunting and its 

control, deforestation rates and their control, and future climate scenarios. 

Whilst hunting pressure was not explicitly quantified here, it is clear that ongoing 

illegal hunting and, to a lesser extent, anthropogenic disturbances are the main causes 

of Cusuco National Park mammalian defaunation and are the principal threat to 

species such as Baird’s tapir (McCann et al., 2012). Hunting in Cusuco National Park 

is partly for bushmeat but also for sport, with cultural significance for social status 

within communities (Hoskins unpublished data). Whilst specific villages that pose the 

greatest threat have been flagged to allow the targeting on the investment of patrol 

resources and prosecutions, the associated personal danger for any enforcement 

officers may reduce the efficacy of such work. Without immediate and intensive 
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efforts to crack down on illegal hunting, the outlook for Cusuco National Park and its 

mammals seems bleak. 

If deforestation continues under business-as-usual, 20% of Cusuco National Park 

will have been deforested by 2040 with many species intolerant of an increasingly 

fragmented landscape (Jordan et al., 2016). As the relationship between forest cover 

and mammalian community dynamics may not be linear it is likely that the impacts of 

this loss may extend to a much greater area than 20% of the park particularly given the 

dispersed nature of forest fragmentation. Anecdotally, reports of recently observed 

deforestation (during the field season of 2019) suggests that the situation may be 

worsening further. The reason appears to be the intensification of narcotic money 

laundering within the area, a known propagator of deforestation (Sesnie et al., 2017). 

Initial areas of deforestation involve clearing of the understorey (Fig. 7.4) followed by 

a fallow period before further removal of larger trees. This pause in deforestation 

activity is for the perpetrators to wait to see if law enforcement are going to intervene 

i.e. if army patrols will arrive in the area (Miguel B. pers. comm.). If undisturbed, such 

clearings are then further cleared and thus less readily restored. As with stopping 

mammalian defaunation, preventing deforestation requires enhancement of 

enforcement of law, which endangers the lives of those directly involved. Thus, unless 

the lawlessness of the region can be tackled, the future for the forest of Cusuco National 

Park also appears unpromising. 
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Fig. 7.4 Recent (late May 2019) understorey clearing near the research stations of Cantiles 

(CA5, see Fig. 4.1) in Cusuco National Park. This activity precedes subsequent tree removal 

as a test of whether law enforcement is likely. 

 

 

 

With respect to climate change, the business-as-usual scenario suggests 

temperatures are likely to exceed pre-industrial averages by +2.0°C by 2100, which is 

above what is now broadly accepted to be a “safe” warming limit (IPCC, 2013). Whilst 

the current status of mammals within Cusuco National Park may not be negatively 

impacted by temperatures changes, it seems likely future change will dramatically 

impact high altitude cloud forest systems (Braunisch et al., 2014). Mitigation of such 

impacts may only be possible with immediate, swift and effective global intervention 

moving us to a post-industrial carbon-free circular economy. Given that this requires 

coordinated worldwide action, within the constraints of the current thesis it might be 

suggested that conservation of Cusuco National Park should focus on combatting 
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lawlessness, vigilantism, forest degradation and loss and illegal hunting. 

 

 

 

7.9 Recommendations 

 

Management of Cusuco National Park involves a range of players including local 

Government, the forestry department, Operation Wallacea Ltd., other NGOs 

(including Panthera) and the Honduran military. These agents should work together 

for investigated delivery of the following recommendations that are taken directly 

from the work completed here (Appendix 4 for Spanish translation): 

 Completion of local species inventories to include mammal communities 

largely under-surveyed. Specifically, arboreal (canopy) species, fossorial 

(burrowing) species e.g. gophers etc., riparian (riverine) species e.g. water 

mice (Rheomys spp.) and those largely undetected by traditional methods, for 

example, small-bodied highly active shrews (using, for example, pitfall 

trapping). 

 Completion of an IUCN Regional Red Listings of mammal species throughout 

Honduras including within National Parks i.e. Cusuco. 

 Adopt camera trapping as the principal tool for monitoring mammals, 

including deployment in areas away from established survey infrastructure i.e. 

line transects. Annual constant effort monitoring stations should be used. 

 A systematic survey of hunting platform distribution and density within the 

landscape is needed. 

 Near real-time deforestation monitoring is urgently required. Global Forest 

Watch provides data releases on a quarterly basis that should be analysed 
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immediately upon release with the subsequent deployment of enforcement 

officers to regions actively losing forest. 

 To avoid disturbance, Operation Wallacea Ltd. should consider further 

research into limiting or otherwise controlling numbers of scientists and 

students on-site and footfall traffic on line transects to reduce any potential 

impact on studied organisms (not just mammals). 

 Anti-hunting patrols should focus on those villages identified here as having 

the highest impact on mammal occurrence with the aim of preventing further 

illegal hunting activity. 

 The biodiversity-linked carbon-credit schemes designed by, for example, the 

Natural Forest Standard (see https://www.naturalforeststandard.com/) are a 

real opportunity to obtain funding to prevent deforestation coupled with 

mammalian defaunation and should be investigated as potential mechanisms 

for funding enforcement activities whilst providing funding to local 

communities to mitigate the impact for stopping forest loss and hunting. 

 

 
The presence of narco-related money laundering practices may preclude 

implementation of these recommendations in some regions of the park due to personal 

danger to environmental activists requiring Government and military involvement to 

protect individuals. All recommendations need to be planned carefully and 

implemented so as to avoid “cultural imperialism” whereby actions to restrict the 

activities of local communities are seen as being driven by foreign agents e.g. 

Operation Wallacea Ltd. (van Vliet, 2018). Top-down enforcement has its limitations, 

whereas a grass roots approach that involves and is led by incentivised locals is most 

likely to garner the necessary support to be successful. 

https://www.naturalforeststandard.com/
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7.10 Conclusion 

 

This thesis aimed to assess the conservation status of remnant mammal populations in 

a Neotropical cloud forest fragment, namely Cusuco National Park, northwest 

Honduras. A species inventory suggested that the site was highly biodiverse 

supporting endangered species including Baird’s tapir and top predators such as the 

jaguar making it strategically important. Zonal protection measures were shown to 

have some efficacy with greater detection of mammals within the more protected core 

zone than more accessible buffer zone where population declines were generally more 

rapid. Declines in sightings were so steep that complete mammalian defaunation is 

expected by the mid-2020s leaving a forest standing devoid of large mammals. The 

forest is highly threatened by ongoing and worsening rates of deforestation. Even 

monitoring and surveillance of the mammals present appeared to have impact on their 

distribution, highlighting the sensitivity of this system. Thus, business-as-usual under 

any scenario whether that be monitoring and surveillance, illegal hunting, 

deforestation or climate change is not an option without risking the collapse of the 

ecosystem. Immediate action is needed on changing monitoring practices, identifying 

real-time threats from forest degradation, forest loss and hunting with increasing 

resource targeting to benefit the efficacy of protection efforts. 
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Appendix 1 Details of survey effort for the three survey types used to establish mammalian 

species present. 
 

Camps surveyed for small mammals 

 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 

B. Aires Y Y Y Y Y N N Y Y N N 

Base camp Y Y Y Y Y N Y Y Y Y Y 

Cantiles Y Y Y Y N N N Y Y Y Y 

Cortecito Y Y Y N N N Y Y Y Y Y 

Danto Y Y Y N N N N Y Y Y Y 

Guanales Y Y Y N N N N Y Y Y Y 

S. Tomas N Y Y N N N N Y Y Y N 

Total line transect km per camp each year 

 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 

Base camp 8.5 0 16.9 20 12.7 14.8 14.8 14.8 7.4 9.2 7.4 

B. Aires 0 0 12.9 5.9 11.9 11.9 11.9 5.9 5.9 0 0 

Cantiles 18.7 7.4 21.1 14 13.2 13.2 13.2 6.6 6.6 6.6 6.6 

Cortecito 35 22.3 21.4 8.7 17.4 17.4 16.4 8.7 7.7 6.7 6.7 

Danto 23.4 17.7 18.6 15.2 18.6 13.4 15 9.3 14.6 7.3 7.3 

Guanales 22.8 13.0 13.5 10.4 14.1 13.5 13.5 6.7 6.7 6.7 6.7 

S. Tomas 0 0 8.7 4.4 5.9 8.4 7.6 4.4 0 0 0 

Camera trapping placement per camp    

 2014 2015 2016 

Base Camp 8 24 20 

B. Aires 4 0 0 

Cantiles 5 23 21 

Cortecito 6 16 17 

Danto 11 22 18 

Guanales 8 20 18 
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Appendix 2 Correlation matrix of potential explanatory variables. One of each pair of 

significant bivariates (r> 0.7) was removed (the one with the lowest coefficient with the 

dependent variable) prior to inclusion in GLMM analysis. 
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Appendix 3 Correlation matrix of potential explanatory variables. One of each pair of 

significant bivariates (r> 0.7) was removed (the one with the lowest coefficient with the 

dependent variable) prior to inclusion in GLM analysis. 
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Appendix 4 Spanish translation of recommendations to be passed on to relevant Honduran 

governmental bodies. 
 

La conservación del parque nacional el Cusuco involucra varias organizaciones; 

incorpora el gobierno municipal, el departamento forestal, Operation Wallacea Ltd., 

otras ONGs (entre ellas Panthera) y el ejército hondureño. Estos agentes deben trabajar 

juntos para lograr un reparto informado de las siguientes recomendaciones que vienen 

directo del trabajo hecho anteriormente: 

 Un inventario completo de mamíferos locales lo cual incluye los de 

comunidades mayormente bajo-ensayado. En particular, especies arbóreos 

(específicamente del dosel forestal), especies cavadores, especies ribereños y 

los que no se puede detectar con métodos tradicionales sino por otros tipos de 

trampas, por ejemplo, pequeños mamíferos como musarañas 

 La creación de <<Regional Red Listings>>, que pertenece a la UICN, de 

mamíferos por todo Honduras, incluyéndose los que se encuentran dentro de 

parques nacionales como el Cusuco. 

 El uso de cámaras trampa como el método principal en el monitorio de 

mamíferos, incluyendo el uso de ellas en áreas más lejos de infraestructura de 

ensayos ya establecida ej. los senderos. Las estaciones deben estar en el mismo 

lugar año tras año. 

 Investigación sistemática de plataformas de caza para establecer su 

distribución y densidad sobre el paisaje es necesario. 

 Monitorio casi-actual de la tala del bosque es urgentemente necesario. La 

organización <<Global Forest Watch>> distribuye trimestralmente datos de 

deforestación, los cuales deben estar analizados inmediatamente luego de la 



195 

Appendices 
 

 

publicación, con el despliegue de agentes de aplicación directamente a lugares 

donde se está perdiendo activamente bosque. 

 Para evitar perturbación del lugar, Operation Wallacea Ltd. debe considerar 

más investigación con relación a limitar, o de cualquier otra manera controlar, 

el número de científicos y estudiantes presentes y, asimismo, la cantidad de 

gente pasando sobre los senderos para disminuir el impacto potencial sobre 

organismos bajo investigación (no solo mamíferos). 

 Patrullas anti-caza se deben enfocar en las aldeas identificadas aquí como las 

con impacto más grave sobre detección de mamíferos con el objetivo de 

prevenir más actividad de caza ilegal. 

 Los programas de créditos de carbono que consideran la biodiversidad hechos 

por (entre otros, por ejemplo) el <<Natural Forest Standard>> son una 

verdadera oportunidad para obtener recursos financieros con el objetivo de 

prevenir la deforestación junto a la defaunación, y, deben estar investigados 

como mecanismos potenciales para financiar actividades de aplicación y, al 

mismo tiempo, ofrecer a comunidades locales recursos financieros para aliviar 

el impacto financiero de la cesación de tala de bosque y caza. 

Appendix 5. Frequently used acronyms 

area.def.2km: Size of area deforested within 2km 

Avg.forest.cov; Percentage forest cover 

bio1: Annual mean temperature 

bio12: Annual precipitation 

bio16: Precipitation of wettest quarter 

bio17: Precipitation of driest quarter 

bio2: Mean diurnal range (mean of monthly (max temp - min temp)) 

bio5: Max temperature of warmest month 



196 

Appendices 
 

 

bio6: Min temperature of warmest month 

CTR: Camera trapping rate 

Cusuco: Parque Nacional Cusuco 

dist.boundary: Euclidean distance to the buffer zone edge (boundary of park) 

dist.camps: Euclidean distance to closet camp 

dist.corezone: Euclidean distance to the core zone edge (boundary of park core) 

dist.roads: Euclidean distance to closest road 

dist.transect: Euclidean distance to closet transect 

people.5km: Number of people residing within 5km 

Research station (camp) codes- 

 ST: Santo Tomas 

 DA: Danto 

 CA: Cantiles 

 CO: Cortecito 

 GU: Guanales 

 BC: Base Camp 

 BA: Buenos Aires 


