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Summary

In the past 20 years the scientific community has become increasingly concerned by a number of reports documenting declines in amphibian populations around the world. Such declines are worrying since amphibians are an integral part of many ecosystems, and may act as bioindicators of wider environmental problems. In order to understand the phenomenon of decline amphibian populations and take appropriate conservation action, there is a need for long-term and intensive monitoring programmes, particularly in tropical habitats, which support a high diversity of amphibian species but have so far been poorly studied. Project Anuran was set up in 2000 by students from the University of Edinburgh to help address this need, by embarking upon a comprehensive monitoring programme of an entire community of amphibians in the region of the neotropical forest research station at Las Cuevas, Belize. Previous phases of the Project surveyed anuran (frog and toad) species through night-time vocalisation surveys and through visual encounter surveys. Phase V expanded the scope of the study to include salamander as well as anuran species, and pitfall trapping was carried out in addition to the other survey techniques.

Phase V encountered a total of 17 anuran species in the region around Las Cuevas, slightly lower than the species count of previous phases, perhaps due to unseasonably dry weather conditions. Eleven species were heard during night-time vocalisation surveys, the most commonly encountered being tree frogs of the genus Agalychnis. Extensive data was gathered on the spatial and temporal calling patterns of vocalising species, and their habitat preferences. During visual encounter surveys, various frogs (mainly Rana and Eleutherodactylus species) were discovered. During the entire study period, only two individual salamanders were found and identified (one Bolitoglossa rufescens and one B. odonnelli). The scarcity of salamander sightings may be due to the rarity of the species involved, to unsuitability of the survey techniques, or to dry weather conditions.

Project Anuran has now gathered five years’ worth of data on the amphibian populations of the area around Las Cuevas, and it is hoped that further analysis of this data will be valuable in assessing the status of the local amphibian community, and in contributing to a wider understanding of amphibian communities and their current possible decline.
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1. Introduction

1.1 Why are amphibians ecologically important?

Amphibians have both ecological and human value. They constitute the highest fraction of vertebrate biomass in many environments (Beebee 1996), help maintain arthropod abundance and are the main prey for many higher predators (Guyer 1990). It is therefore obvious that a change in amphibian population could result in a great upset to an ecosystem (Pearman 1997). The problem is most acute in neotropical forests, such as in Belize, which host the highest amphibian biodiversity (Lee 1996).

Amphibians are vulnerable because they have narrow physiological constraints and relatively low mobility, which decreases their ability to recolonise areas successfully after natural extinctions (Blaustein 1994). Moreover, amphibians are excellent bioindicators of environmental change, due to their susceptibility to chemicals during the freshwater stage in their life cycles (Venturino et al 2003) and their highly permeable skin (Duellman & Trueb 1994). Some species are herbivorous during their larval stages and carnivorous as adults, thus providing scientists with an indication of changes in both the plant and animal kingdoms.

Global amphibian decline

Over the past two centuries, extensive human disturbance of the natural environment by urbanisation and pollution has led to a worldwide decline in amphibian populations and biodiversity. Amphibian populations have existed, relatively unchanged, since the era of the dinosaurs (Barinaga 1990), underlining the significance of the current decline (Gardner & Fitzherbert 2001), which Chapin (2000) alarmingly characterised as the sixth major extinction event in the history of life.  Monitoring efforts are being set up worldwide to keep track of the pace of the decline in amphibian populations (Campbell 1998, Eterovick 2003, Linzey 2003, Murphy et al 2003, Young 2001). However, an increasing number of vertebrate populations have been found to be decline in recent years (Blaustein 1994), and it has been observed that research on amphibians has been rather scarce compared with that on other vertebrates (Venturino et al 2003).

Possible causes of amphibian decline

There are numerous possible causes of the global decline in amphibian populations, included habitat modification, increase in ultraviolet radiation, acidification and toxins, predation, disease, and climate change (Project Anuran, 2000). Habitat modification is the main factor held responsible for the observed loss of amphibian biodiversity and abundance. It includes deforestation, land drainage, the introduction of exotic species to habitats and the spread of contaminants. Ozone depletion results in increased UV-B radiation and the most recent studies (Davidson et al 2003, Hatch et al 2003) suggest that there is a positive correlation between increasing UV-B radiation and decreasing larval mass of amphibians, as well as an increasing rate of species decline. The enhanced UV radiation may also contribute indirectly to the decline by decreasing the supply of aquatic insects for the frogs to feed on (Lips 1998). Pollutants from industry and agricultural depositions result in the widely observed phenomenon of increased acidity in rain, which increases embryo and larval mortality (Alford & Richards 1999). The most recent study on agrichemicals suggests that these are also a factor contributing to amphibian declines, but little is known about which chemicals pose the greatest threat (Rohr et al 2003). It has been proposed that the declines could be the coincidental effect of natural population fluctuations (Pechmann et al 1991; Pechmann & Wilbur 1994; Marsh 2001), but this is unlikely to be a universal explanation due to the large number and wide distribution of the reported declines. Decreases in amphibian populations have occurred on a global scale, indicating more general environmental problems. 

Declines in amphibian populations may lead to local extinctions, which may have particularly drastic effects on species that are of limited range, and live in fragmented habitats – thus hindering migration between communities and making opportunities for re-colonisation low or non-existent (Wake 1991; Marsh & Trenham 2000). As Wake stated in 1991, modern amphibians are highly resilient, having been on this planet for more than one hundred million years. Therefore, their decline in population now is extremely worrying.

Evidence for a global decline in amphibian populations

Many declines in anuran (frog and toad) populations are reported even from areas that were thought to be untouched by humans. Areas in which serious declines have been observed include the Atlantic forests of Brazil (Heyer et al 1988), the north-western USA (Bulger et al 2003, Drost & Fellers 1996, Murphy et al 2003), montane forests in Australia (Laurance et al 1996), the Monteverde cloud forest of Costa Rica (Lips 1998, 1999), and remote highlands above 500m in Central America and above 1000m in the Andes (Young et al 2001). Examples of species that are clearly under threat, or exhibit scientifically credible declines, include: the golden toad (Bufo periglenes) and harlequin frog (Atelopus varius) (Pounds & Crump 1994), the cascades frog (Rana cascade) (Fellers & Drost 1993), the yellow and red-legged tree frogs (Rana muscosa and Rana aurora) (Davidson et at 2001, Bulger et al 2003) and the black toad (Bufo exsul) (Murphy et al 2003). 

The global distribution of salamanders has not been extensively studied, possibly because these amphibians are rarely seen. Out of the 70 species of the lungless genus Bolitoglossa that have been recorded in Central America and the Amazonian lowlands, only five have been identified in Belize (Lee 2000). The lungless dwarf salamander of the genus Oedipina has only been recorded once in the Las Cuevas region, by P. Stafford; this is only one of the 16 Oedipina species found between south Mexico and central Ecuador.

It is a challenging task to estimate amphibian declines from a global perspective using information gathered by individual research studies. Recent reports that have attempted to draw wide conclusions include those by Alford & Richards (1999), Houlahan et al (2000) and Young et al (2001). The first collected data over the period 1951-1997 and found a greater decrease in amphibian populations than that predicted by their model. However, there was no evidence that the agents of decline were becoming more prevalent over time. Houlahan et al used data from 936 populations to assess variations in amphibian population trends on a global scale. Their results indicate relatively rapid declines from the late 1950s to the late 1960s, but a reduced rate of decline was observed to the present. 

1.2 Role of Project Anuran Phase V

There is a critical absence of any consensus on the distribution, extent, and causes of the global amphibian population decline, due to the dearth of short and long-term comprehensive monitoring studies (Wake 1998).  Project Anuran is an undergraduate research study that has been carried out each summer over a five-year period, and has collected one of the most comprehensive amphibian population level databases in Belize (J.Meerman personal communication
). The first four phases of Project Anuran were concerned with undertaking a comprehensive monitoring programme of the anuran community in the neotropical area of Las Cuevas, Chiquibul National Park, Belize. Phase V of the project, while continuing the anuran monitoring process, sought to take this research a step further, by expanding the investigation into a very closely-related field: the identification and monitoring of salamander populations around the region of Las Cuevas.

The data gathered by Project Anuran contributes a valuable insight into the levels of spatial and temporal variability in population density, abundance levels, and reproductive activity of amphibian species. Information on the natural levels of variability in these factors is important if long-term population declines are to be identified (Pechmann et al. 1991, Gardner 2001). Project Anuran complements similar studies by focusing on an area that remains largely unstudied:  there is a desperate need for amphibian studies in neotropical regions (Young et al 2001).  Although notable work has been done at high-altitude neotropical sites (Guyer 1990; Lips 1998), very little has been done at lowland tropical and subtropical sites. Belize, which has vast protected areas and retains some 75% of its natural vegetation (Harcourt 1996), and where a large percentage of its amphibian population remaining relatively unknown (Meyer & Foster 1996, P. Stafford, personal comment), presents an ideal location for amphibian population work.

Project Anuran cooperates with the DAPTF (MAYAMON – Maya Forest Anuran Monitoring Programme) and our results will be fed into this programme, which covers the entire Selva Maya region (Belize, South Mexico and Peten, Guatemala), creating a regional picture of anuran species distribution and abundance. 

2. Aims and Objectives of Project Anuran Phase V

2.1 Research Aim

To contribute to the understanding of the ecology, spatial distribution and conservation of amphibian populations via intensive assessment of the status and trends of anuran and salamander populations at the neo-tropical site of Las Cuevas (N16(44’ W88º59’).

2.2 Research Objectives

· To continue the monitoring of vocalising anurans at the ten pond sites previously assessed during 2000-2003 using the survey methods established during previous phases of the project.

· To continue the monitoring of non-vocalising anurans at five transect lines, some of which were previously assessed during 2000-2003 using survey methods established during previous phases.
· To introduce and carry out an identifying and monitoring programme of salamander populations at sites identified as being of a known habitat type, to study the spatial distribution of the populations. 

3. Methodology

To allow wide applicability with respect to other, similar Mesoamerican survey work, the anuran study followed the well-established standard protocol of Phase I (see www.projectanuran.org). Our methodological approach falls into two categories: that for vocalising species (Field Study 1), and that for non-vocalising species (Field Study 2). All identifications are aided by the use of Meyer & Foster (1996), Lee (1996), and Campbell (1998) texts. The salamander survey methods (Field Study 3) are explained below.

Site description

Our work was conducted in the vicinity of Las Cuevas Research Station (N16(44’ W88º59’), a joint venture between the Natural History Museum (London) and the Forestry Department of Belize. The research station is situated in the Chiquibul Forest Reserve, lying within the much larger protected area of the Chiquibul National Park and the Maya Mountains. The area stands at approximately 500m above sea level with an annual rainfall between 1500 and 2000 mm, with vegetation consisting mostly of lowland subtropical moist forest (Hartshorn et al. 1984). Due to its largely pristine nature, and high level of biodiversity, the Chiquibul area represents one 

of the most ecologically important forests in Belize (Bird 1998). With respect to the anuran fauna, the Maya Mountains is one of the most diverse regions of Belize (Miller & Miller 1995), containing five endemic species  (Lee 1996). Since the collapse of the Mayan civilisation around AD 900 there have been no permanent inhabitants of the region around Las Cuevas, although the area has received a number of disturbances, both natural and human. Selective logging of mahogany and cedar occurred between 1936 and 1946 and again in the late 1980s. The forest has been used by local people as a source of chicle (the latex of the sapodilla tree) and bayleaf palm thatch. In recent years the forest has also been extensively disturbed by xate leaf-cutters who cross the border illegally from neighbouring Guatemala. Hurricanes have caused widespread destruction of the area over its recent history – in particular in 1942 and 1961 – and large forest fires are not an uncommon occurrence.

Brief site descriptions of all ponds, transects and pitfall trap lines are given below. Vegetation surveys were carried out to quantify differences between areas studied. Variables recorded were; maximum vegetation height, density of vegetation, and composition of vegetation below 2m in height. Composition vegetation below 2m is given as percentage of ground covered by five categories; small trees, shrubs (these include palm species), herbs (this includes grasses), leaf litter and bare ground. Average values for each area are given below.

3.1 Field study 1: Methodology for vocalising anuran species

Most anuran species, especially in the tropics, form leks around breeding sites (Duellman & Trueb 1994; Beebee 1996). It is therefore unsurprising that the majority of studies attempting to quantify amphibian populations are conducted at breeding sites. Although a number of survey methods have been attempted, including mark-recapture, direct counts and indirect counts of egg masses, the arboreal nature of many of the species, along with their small size and nocturnal habit, means that monitoring group vocalisation is frequently the most effective technique (Alford & Richards 1999). 

Vocalisation surveying techniques focus on calling males aggregated around communal breeding sites, both temporary and permanent. Explosive breeding patterns are suitable for his kind of survey as the breeding period is narrowly defined, dependent on environmental cues such as rainfall, and thus the survey period can be short. The advantages of this method include minimum disturbance to the anuran population being studied, accuracy and repeatability. This technique relies on the assumption that all individuals in a population subset of a single species, such as breeding males, are equally available for sampling. There will be variations between the length of time different species spend at the breeding sites, making some more prone to observation than others. Contraventions of these assumptions may affect the accuracy of abundance estimates, but not species lists (Heyer et al 1994).

Our surveys were carried out at the ten breeding sites used during previous phases of the project, which were chosen to be representative of a number of different microhabitats within the forest around Las Cuevas. (These sites are illustrated on the map in Appendix B.)

 Each pond was surveyed at night, on five widely-spaced occasions during the course of the study period (between 29 June and 11 August 2004). Each survey began at 19:00 and continued until an hour after all species had stopped calling, or until 01:00. Hourly assessments of species abundance and calling activity were made. Hourly recordings of air and water temperature, volume of rainfall, duration and number of rainfall events were also made. Identification of vocalisations were carried out using recordings made during Phase I of Project Anuran, corroborated in some cases by visual identification of calling individuals.

Measures of abundance followed the MAYAMON protocol (Meyer 1999), which uses broad categories to assess the abundance of each species during the first fifteen minutes of each hour.  Vocalisation Categories (VC) were classified as follows:

· 1 = 1-5 individuals

· 2 = 6-20 individuals

· 3 = 21-50 individuals

· 4 = >50 individuals

Although these categories are quite broad, they allow for a rough but accurate and repeatable measure of the number of frogs present of each species.

Measurements of the vocalisation activity of each species were made to allow an assessment of the temporal dynamics of reproductive activity, over and above simply species presence and absence counts. This was done using a measure of calling intensity – measuring the frequency of calls of an average individual of each species, for the first fifteen minutes of every hour. One call was taken as each noticeably distinct vocalisation per individual. As with abundance measurements, Vocalisation Intensities (VI) were divided into broad categories, as follows:

· A= 1 or <1 calls per 15 minutes

· B = 2-14 calls per 15 minutes

· C = 5-10 calls per 5 minutes

· D = 2-5 calls per minute

· E = 6-10 calls per minute

· F = 11-20 calls per minute

· G = 21-40 calls per minute

· H = >40 calls per minute

Vegetation surveys were carried out around each pond, up to 10m from the water’s edge, in order to give a quantitative description of the different microhabitats. The area around each pond was divided into four quadrants, each of which was surveyed separately in order to highlight the non-uniform nature of the vegetation cover. The vegetation survey results are summarised in Table 3.1.

Pond site descriptions

Aguada pond

Aguada is an old Mayan reservoir, located just off the main track between Las Cuevas and Monkey Tail River, about 3 km from the river itself. The surrounding vegetation is dominated by palms, including a large Cahune Palm (Attalea cohune), and there is little understorey vegetation. The site is semi-permanent; although once filled it persists for a long period of time, it requires a significant amount of heavy rain to begin collecting water.

Cockspur pond

Cockspur pond is one of the smallest of the study sites, it is surrounded on all sides by a relatively dense thicket of Cockspur trees (Acacia cookii).However, despite its small size it was observed to be of semi-permanent status due to a relatively large depth. It is situated in an open clearing next to the main road from Las Cuevas to San Ignacio, roughly 30 metres from the forest edge. Part of the pond surface is covered by a thick reed bed.

Coral pond

Coral pond is the furthest of the study sites from LCRS, located approximately 5 km away under a dense canopy, with very little understorey vegetation. The surrounding trees include large numbers of spiky Give-and-Take Palms (Crysophila stauracantha). The pond is relatively large and semi-permanent in nature.

Elegans pond

Elegans pond is located just 200 metres from LCRS. The pond is largely covered by forest canopy, although significant amounts of light penetrate and have allowed the growth of dense understorey vegetation in some places. The pond is semi-permanent in nature, being dry for the first week of our study but containing water for the remainder of the study period. A large fallen log, with ferns growing from it, completely spans the pond.

Guava pond

Guava pond is almost unique amongst the Las Cuevas pond sites in that it is almost completely overgrown by dense, low vegetation – dominated by Guava trees (Psidium guajava). It is of medium size, but considerably smaller than Millionario and Tapir ponds, and is furthermore the only pond site to be situated next to a semi-permanent stream. (Due to the limestone bedrock, streams are rare in the Chiquibul Forest, with most flowing surface water quickly finding its way underground.) The pond is semi-permanent, being empty during the first week of our study period but containing water for the remainder of the period.

Marshy pond

Marshy pond is situated quite deep within the forest, although the canopy cover is much less than at Puzzle and Warree ponds (see below) since Marshy Pond is situated alongside the main forest track between LCRS and the Monkey Tail River. This opening of the canopy has permitted the growth of a relatively dense shrub layer, not dissimilar to that at Guava pond. The undergrowth is characterised by a predominance of reed beds and marshy ground. The site is composed of a number of separate areas of shallow, standing water, which indicate its highly temporary nature.

Millionario pond

Millionario is similar in its physical characteristics to Tapir pond (see below): it is a large, open body of water, close to the roadside and set about 15-20 metres away from the forest edge. It differs from Tapir pond in being both noticeably bigger and deeper, indicating its historical origins as an aguada (an artificially-constructed Mayan reservoir) – a fact that helps to explain its permanent nature. The edges of Millionario are covered by reeds and mixed grasses, and also in places by bushes of Cockspur (Acacia cookii) and Hogplum (Spondias mombin), providing much in the way of suitable cover and calling sites for amphibians.

Puzzle pond 

The environment surrounding Puzzle pond consists of relatively dense upper canopy cover, little shrub or herb-layer vegetation, and a noticeable dominance of palms. Puzzle pond actually consists of three medium-sized pools located in close proximity to one another. The ponds are characteristically shallow and temporary in nature.

Tapir pond

Tapir pond is a large pond that is semi-permanent in nature, being both empty and full of water at different times during our study period. It is quite a shallow body of water, never reaching more than half a metre in depth. The vegetation is low around the edges, with extensive reed beds on the forest side and low grass by the roadside. The closed canopy of the forest is set back some 15 metres from the edge of the pond. Although a road runs alongside the northern edge of the pond, it is used by very few vehicles and thus provides little disturbance to the amphibian community.

Warree pond 

Warree pond is situated deep within the forest, with at least 70% canopy cover. The limited availability of light precludes the presence of a dense understorey, and the site is particularly notable for its lack of grasses, reeds or shrubs. However, a number of low-hanging palms surround the pond – both Give-and-Take Palm (Crysophila stauracantha) and Bayleaf (Sabal mauritiformis), which are common plants of the local sub-canopy environment. The pond was classed as semi-permanent, although it is known to dry up relatively quickly during prolonged dry weather.

Table 3.1: summary of the size and vegetation characteristics of each pond. The density of undergrowth is measured on a scale from 1 to 5, where 1 is open ground and 5 is nearly-impassable vegetation. The ponds were divided into four quadrants for surveying of vegetation: the figures shown are mean values, with the observed across the four quadrants shown in brackets. (Puzzle pond consists of three separate pools; therefore, three sets of dimensions are given.)

	
	Aguada
	Cockspur 
	Coral
	Elegans
	Guava
	Marshy
	Millionario
	Puzzle
	Tapir
	Warree

	Dimensions of pool(s) in metres
	13×13
	6x3
	17×12
	8×9
	11x4
	22×3
	???
	12×6

2×6

7×4
	13x16
	7×8

	Canopy cover (%)
	75%
	40%
	90%
	85%
	80%
	50%
	5%
	80%
	5%
	75%

	Density of undergrowth

(1 = open, 5 = dense)
	3

(2-4)
	3

(1-5)
	2.8

(2-4)
	3.5

(2-4)
	4.8

(4-5)
	2.8

(2-3)
	3

(2-4)
	4.3

(3-5)
	1.8

(1-3)
	3

(3-3)

	Maximum vegetation height
	>10m
	4m
	>10m
	>10m
	5m
	>10m
	4m
	>10m
	3m
	>10m

	% of surroundings covered by shrubs
	40

(10-70)
	33

(0-70)
	68

(5-50)
	30

(15-50)
	13

(0-30)
	9

(5-10)
	45

(20-70)
	61

(5-95)
	8

(0-20)
	10

(10-10)

	% of surroundings covered by herbs
	9

(0-20)
	47

(30-60)
	4

(0-10)
	14

(5-30)
	26

(5-50)
	25

(0-90)
	26

(15-50)
	3

(0-5)
	41

(25-60)
	3

(0-10)

	% of surroundings covered by small trees
	2

(0-10)
	0
	5

(0-10)
	44

(25-75)
	9

(0-25)
	20

(0-80)
	9

(5-10)
	12

(0-40)
	19

(0-50)
	10

(10-10)

	% of surroundings covered in leaf litter
	49

(10-85)
	1

(0-5)
	23

(30-90)
	0
	50

(10-95)
	46

(0-90)
	0


	24

(0-85)
	0
	78

(70-80)

	% of surroundings that is bare ground
	0
	19

(0-40)
	0
	12

(0-50)
	3

(0-10)
	0
	20

(10-40)
	0
	33

(5-50)
	0


3.2 Field Study 2: Methodology for visual encounter surveys

The study of leaf litter frogs of the neotropical family Leptodactylidae (which includes the world’s largest vertebrate genus, Eleutherodactylus) has proved to be of considerable difficulty to researchers owing to the highly cryptic and nocturnal habit of many of the species (see Pearman et al. 1995). In an attempt to find these species, visual encounter surveys (VES) were carried out along transect lines.

Two observers walked side by side along transect lines of 500m, systematically looking for amphibians. Ground leaf litter and vegetation up to eye level was surveyed. All amphibians within one meter of the transect path were recorded. In order to standardise the search effort each transect was completed in an hour. This produced an average search speed of 0.5 km per hour. Identification of specimens followed the relevant guides: Meyer & Foster (1996), Lee (1996), and Campbell (1998). A minimum of ten repeats were conducted per transect, five in the daytime and five immediately after dusk. Creek transect was surveyed only during daylight for safety reasons.  VES are suitable for assessing species richness of an area, in order to compile a species inventory and estimate relative abundance (Heyer et al, 1994).

Transect surveys were carried out along four existing trails and one slow moving stream (see Appendix B for  a map). A general description of each transect line is given below. Vegetation surveys were carried out on a representative 10m length on each transect line, in order to give a quantitative description of the typical microhabitats encountered; the results of these surveys are summarised in Table 3.2.

Transect site descriptions

Bird Tower transect 

Bird Tower transect was predominantly located on gently sloping ground to the south of Las Cuevas, on a trail used regularly by other researchers. The last 100m of the transect was across steep non-trail terrain. Throughout the study period the top of the leaf litter was dry. Leaf litter depth varied along the transect with a deeper accumulation of litter found next to tree roots, especially buttress roots. Vegetation around this site was relatively open although the high canopy cover meant that the trail was poorly lit.

Creek transect

Creek transect was carried out either side of a slow moving stream 100-200m away from the main trail between LCRS and Monkey Tail River. The steep south bank and slippery nature of the terrain meant that surveying at night was not safe. Understorey vegetation was quite dense at the stream edge were the survey was carried out, and the vegetation cover differed noticeably between the two sides of the trail.

Nature Trail transect

The start of Nature trail transect was situated close to both the research station and Elegans pond and moved northwards along a gentle slope.  The understorey vegetation was dense along most of this trail with the path being poorly lit for the majority of the transect’s length.  Moisture levels along the transect were highly variable and dependent upon recent rainfall.

Saffron transect

Saffron transect ran along a well-used path running off the trail between LCRS and Monkey Tail River.  The path from which the transect was conducted was wide in most parts and the surrounding area well lit and sparse in understorey vegetation.  Shrubs were the predominant vegetation type in the one metre either side of the transect line.  Leaf litter was abundant along much of the route and moisture was retained both in the leaf litter and in the soil.

Warree transect

Warree transect ran along a frequently used trail close to the research station and as a result was relatively disturbed.  The understorey layer was of intermediate density with much of the trail being well lit where the canopy above layer was thin.  Leaf litter was abundant along most of the transect line and retained moisture well after heavy rainfall.  The transect also ran in close proximity to Warree pond.

Table 3.2: summary of the vegetation characteristics of each transect site. 

	
	Bird Tower
	Creek
	Nature Trail
	Saffron
	Warree

	Canopy cover (%)
	85
	85
	90
	80
	85

	Density of undergrowth (1 = open, 5 = dense)
	3
	3 / 4
	3
	4
	4

	% of ground covered by shrubs
	
	25%
	10%
	80%
	50%

	% of ground covered by herbs
	
	10%
	5%
	5%
	20%

	% of ground covered by small trees
	
	0%
	15%
	15%
	30%

	% of bare ground
	
	65%
	70%
	0%
	0%


3.3 Field study 3: Methodology for pitfall trapping surveys

Bucket pitfall traps were set up in five different sites, chosen to be representative of a range of different microhabitats, around the region of Las Cuevas. At each location, eleven buckets were sunk into the ground at five-metre intervals, creating a line of pitfall traps with a total length of 50 metres.  The rim of each bucket was positioned exactly level to the ground.  Animals were led into the traps by a plastic drift fence, approximately one meter high and buried at the bottom to stop animals passing underneath. The traps were monitored every morning and evening, so that no organism was trapped for a long period of time. Specimens caught were identified and released immediately afterwards, back into the habitats in which they were caught.  This method was chosen to assess amphibian species richness over different habitats.  Target species included non vocalising anuran species as well as salamander species. 

Three of the pitfall lines were placed along existing trails; two others were placed across comparatively undisturbed areas of the forest floor (see Appendix B for a map). A general description of each site is given below. Vegetation surveys were carried out for the area 10m alongside each pitfall line in order to give a quantitative description of the different microhabitats; the results of these surveys are summarised in Table 3.3.

Table 3.3: summary of the vegetation characteristics at the site of each pitfall line.

	
	Bird Tower
	Millionario
	Nature Trail
	Saffron
	Warree

	Canopy cover
	
	
	
	
	

	Density of undergrowth (1 = open, 5 = dense)
	
	
	3
	4
	3

	% of ground covered by shrubs
	
	
	10%
	80%
	10%

	% of ground covered by herbs
	
	
	5%
	5%
	5%

	% of ground covered by small trees
	
	
	15%
	15%
	15%

	% of ground that is open
	
	
	70%
	0%
	70%


Pitfall site descriptions 

Bird Tower pitfall line 

Bird Tower pitfall line ran along a regularly-used trail to the north-west of the research station. It was located under a closed forest canopy, with little understorey vegetation. The soil was relatively shallow with frequent rocky outcrops, and dense concentrations of horizontal roots in many places. There was a sparse covering of leaf litter.

Millionario pitfall line

Millionario pitfall line ran across the forest floor, not following any clearly-defined trail, although one end of the line was located close to a major clearing that is occasionally used as a campsite. This end of the pitfall line was about 200 metres from Millionario pond. The canopy in this region of forest is sparse and the forest floor well lit, although at the end of the pitfall line closest to the campsite the understorey vegetation had been partly cleared for firewood. There was a dense covering of leaf litter.

Nature Trail pitfall line

Nature Trail pitfall line ran along a trail at the western end of Nature Trail transect; see section 3.2 for details. The site is close to both the research station and to Elegans pond.

Saffron pitfall line

Saffron pitfall line ran along a trail at the northern end of Saffron transect; see section 3.2 for details.

Warree pitfall line

Warree pitfall line ran across a relatively undisturbed region of forest floor. There was a dense canopy and thick covering of leaf litter, with little understorey vegetation. The northern end of the pitfall line was located close to Warree transect and Warree pond.
3.4 Weather Monitoring

Previous phases used the weather station at LCRS to monitor rainfall and temperature over the study period. During Phase V the weather station was faulty and could not be used, but alternative rain gauges were set up at three sites: LCRS, Marshy Pond (2.5 km east of LCRS), and Millionario (5 km north-west of LCRS). Daily recordings were taken of rainfall volume over the previous 24 hours at these sites. Casual observations made by long-term residents of the research station suggest that rainfall is not evenly distributed over the study area. As such a single rain gauge at LCRS would give a biased representation of rainfall across the study site.

4. Results

Summary of anuran species

In total, 17 anuran species were encountered during Phase V; these are listed in Table 4.1. 

Table 4.1: Anuran species encountered in the area around Las Cuevas

	Family
	Species

	Bufonidae
	Bufo campbelli – Rainforest toad

	
	Bufo valliceps – Gulf coast toad

	Hylidae
	Agalychnis callidryas – Red-eyed tree frog

	
	Agalychnis moreletii – Morelet’s tree frog

	
	Hyla ebraccata – Variegated tree frog

	
	Hyla microcephala – Small-headed tree frog

	
	Hyla picta – Painted tree frog

	
	Smilisca baudinii – Mexican tree frog

	
	Smilisca cyanosticta – Blue-spotted tree frog

	Microhylidae
	Gastrophryne elegans – Elegant narrowmouth frog

	Leptodactylidae
	Eleutherodactylus chac – Maya rain frog

	
	Eleutherodactylus laticeps – Broadhead rain frog

	
	Eleutherodactylus rhodopis – Lowland rain frog

	Ranidae
	Rana berlandieri – Rio Grande leopard frog

	
	Rana juliani – Maya Mountain frog

	
	Rana vaillanti – Rainforest frog

	Rhinophrynidae
	Rhinophrynus dorsalis – Mexican burrowing toad


Bufo campbelli and Rana vaillanti did not occur in any of the surveys carried out but are known to be present in the area around Las Cuevas as a result of anecdotal observations.

The following species were found during some previous phases of Project Anuran but were absent from this year’s results: Bufo marinus, Eleutherodactylus sabrinus, Eleutherodactylus sandersoni and Hyalinobatrachium fleischmanni. Amongst the previous four phases of the project there was similar variation in the list of species observed, although this year’s species count of 17 is lower than that of any of the previous Project Anuran phases (phases I, II, III and IV found 20, 21, 18 and 19 anuran species, respectively).

Summary of salamander species

During Phase V there were only three encounters with salamander species. Bolitoglossa rufescens (the common dwarf salamander) was found during a visual encounter survey, Bolitoglossa odonnelli (O’donnell’s salamander) was sighted beside Elegans pond, and an unidentified species was glimpsed amongst the leaf litter in dense forest near Nature Trail transect.

4.1 Field study 1: Results of vocalisation surveys

Summary of species

Our ten study sites were each surveyed on five occasions, a total of 50 study nights. During these surveys, the following 11 species of anuran were recorded:

· Agalychnis callidryas

· Agalychnis moreletii

· Bufo valliceps

· Hyla ebraccata

· Hyla loquax

· Hyla microcephala

· Hyla picta

· Rana berlandieri

· Rhinophrynus dorsalis

· Smilisca baudinii

· Smilisca cyanosticta

The vocalising anuran Gastrophryne elegans (the elegant narrowmouth frog) is known to be present in the area (from anecdotal sightings and other surveys), but was recorded during these night-time vocalisation surveys. The absence of this species from the survey may reflect the small sample size, time of year, unseasonably dry weather, or difficulties in identification (the call of Gastrophryne elegans closely resembles that of certain insects).

Following the data display format of MAYAMON reports, Figure 4.1 shows a measure of relative abundance of each species across all ten study sites. The number of nights on which a species was recorded, and the maximum Vocalisation Category (see section 3.1) it attained during each of those survey nights, are shown.
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	Figure 4.1: Combined survey scores of all species monitored at the ten ponds. Each bar illustrates the percentage of surveys (out of a total of 50) during which each vocalisation category was attained.


The data collected from all survey nights are summarised in Table 4.2 using the following statistics:

· The number of ponds, and the number of survey nights, at which each species was observed. In addition to being an index of abundance, this allows an assessment of the species’ habitat and environmental requirements, with the more generalist species expected to be found at a greater proportion of the breeding sites and on a greater number of survey nights.

· The number of hours for which each species was heard calling. This is given both as a percentage of the total number of hours of recording, and as a percentage only of the number of hours recorded on nights when the species was present. The first value provides a measure of the ‘temporal commonness’ of each species, or the extent to which it is likely to be heard during any one survey night. The second value provides a measure of the persistence or reliability with which each species calls – whether the calling pattern is prolonged and continuous, or sporadic and explosive.

· The summed maximum Vocalisation Category (VC) across all ponds in which the species was observed. This is the nearest available measure to an absolute comparison of numbers of adult males of each species.

· The average of the maximum Vocalisation Category observed for each species at each pond. This provides an indication of the average audible abundance if each species at any one pond in which it is observed, together with the observed level of variation.

· The mean Vocalisation Category attained by each species across all survey nights on which it was observed, accompanied by the standard error. This provides an indication of the reproductive activity of each species rather than its relative abundance. It is a measure of the proportion of individuals at a pond that are calling, and of the persistence with which they call throughout the night.

· The mean Vocalisation Intensity (VI) attained by each species from across all survey nights on which it was observed, accompanied by the standard error. Like the previous statistic this is a measure of the reproductive activity of each species. However, rather than indicating the extent to which each species is active with respect to the number of calling individuals and the duration of activity, the Vocalisation Intensity is a measure of the frequency with which any one individual of each species calls. Although collapsing information from across all hours in this manner obscures differences in pattern of reproductive activity, it does help to indicate the differences in call frequency between each species, and the differences in high-intensity calling persistence – peak callers that only briefly call at their highest frequency, while remaining subdued or inactive for the rest of the night, will attain a lower mean intensity level than those that reach the same level of intensity but remain highly active for much longer. It is important to note that comparisons of this nature are severely restricted by the fact that there is a high level of observer variation in determining what is a single vocalisation of any one species. For example, species such as Hyla microcephala call with a single distinct primary note often followed by rapid succession of secondary notes, and in a chorus of many individuals, it can be difficult to distinguish between separate calling individuals and thus return an accurate measure of calling intensity.

· The mean Vocalisation Activity (VA) attained by each species from across all survey nights on which it was observed, accompanied by the standard error. The Vocalisation Activity is obtained by multiplying the Vocalisation Category by Vocalisation Intensity, to provide a measure that describes the overall reproductive activity of each species. Although usually the maximum Vocalisation Intensity will be observed at the same time as the maximum Vocalisation Category, the use of the activity index allows a greater level of sensitivity in comparing the reproductive activity between species, as the range of potential values is of course greater than for either the Vocalisation Category or Vocalisation Intensity.

The typical overall pattern of calling activity recorded during an evening is illustrated in Figure 4.2.
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	Figure 4.2: The mean vocalisation activity of anurans during the course of an evening, averaged across all species and all survey nights.


Table 4.2: Summary of relative abundance and vocalisation data from across 50 study nights and 11 species.

	Species
	Agalychnis callidryas
	Agalychnis moreletii
	Bufo valliceps
	Hyla ebraccata
	Hyla loquax
	Hyla microcephala
	Hyla picta
	Rana berlandieri
	Rhinophrynus dorsalis
	Smilisca baudinii
	Smilisca cyanosticta

	Number of sites (out of 10) in which recorded
	10
	8
	5
	2
	5
	6
	2
	4
	6
	4
	7

	Total number of survey nights on which recorded

(% of maximum) 
	37

(74%)
	18

(36%)
	8

(16%)
	5

(10%)
	10

(20%)
	13

(26%)
	3

(6%)
	7

(14%)
	8

(16%)
	5

(10%)
	10

(20%)

	Total number of hours on which recorded
	187
	85
	25
	25
	52
	66
	11
	27
	17
	19
	31

	Number of hours heard calling as a % of maximum number of hours recorded across all study nights
	60%
	27%
	8%
	8%
	17%
	21%
	4%
	9%
	5%
	6%
	10%

	Number of hours heard calling as a % of total number of hours recorded on nights when species was present
	78%
	73%
	45%
	76%
	79%
	75%
	52%
	56%
	33%
	61%
	49%

	Summed maximum Vocalisation Category across all ponds
	16
	14
	6
	4
	7
	8
	4
	4
	6
	6
	8

	Mean of maximum Vocalisation Category across all ponds in which species was observed (+/- SE)
	1.6 (0.221)
	1.4 (0.34)
	0.6 (0.221)
	0.4 (0.267)
	0.7 (0.3)
	0.8 (0.291)
	0.4 (0.306)
	0.4 (0.163)
	0.6 (0.163)
	0.6 (0.306)
	0.8 (0.2)

	Mean Vocalisation Category attained on nights when present

(+/- SE)
	0.946 (0.041)
	0.948 (0.07)
	0.085 (0.085)
	0.909 (0.11)
	1.03 (0.089)
	1 (0.084)
	0.857 (0.21)
	0.563 (0.072)
	0.333 (0.067)
	0.903 (0.176)
	0.524 (0.071)

	Mean Vocalisation Intensity attained on nights when present

(+/- SE)
	2.464 (0.124)
	2.793 (0.194)
	0.28 (0.28)
	3.818 (0.436)
	4.288 (0.338)
	4.409 (0.312)
	2.905 (0.679)
	1.729 (0.271)
	1.078 (0.245)
	2.323 (0.474)
	1.587 (0.236)

	Mean Vocalisation Activity attained on nights when present

(+/- SE)
	3.234 (0.218)
	3.845 (0.369)
	0.441 (0.441)
	4.758 (0.702)
	5.909 (0.64)
	6.25 (0.646)
	5 (1.377)
	1.729 (0.271)
	1.078 (0.245)
	4.484 (1.402)
	1.778 (0.317)


Individual species accounts

Agalychnis callidryas – Red-eyed Tree Frog (Plate 2B)

Agalychnis callidryas was by far the most prevalent species in our night-time vocalisation surveys, occurring at all ten of the ponds, and on 74% of survey nights. In its temporal calling pattern it was also more persistent than many other species, being heard for 78% of the time during nights on which the species was present. As Figure 4.3 shows, the average vocalisation activity of Agalychnis callidryas was highest early in the evening but declined only gradually towards 01:00, and there were anecdotal observations of individuals continuing to call until dawn. Agalychnis callidryas was generally heard and observed on the leaves and branches of relatively tall trees, both close to the ground and high in the canopy. Not surprisingly, it is therefore most prevalent at sites where tall trees grow close to and overhang the pond (especially Aguada, Coral and Elegans ponds).
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	Figure 4.3: The mean vocalisation activity of Agalychnis callidryas during the course of an evening, at all pond sites at which the species was observed.


Agalychnis moreletii – Morelet’s Tree Frog (Plate 2A)
The spatial and temporal calling patterns of Agalychnis moreletii closely resemble those of its relative A. callidryas. The species was most active at the ponds with dense vegetation cover – especially Aguada, Coral, and Elegans – and least active at the ponds located in more open areas. Agalychnis moreletii appeared to occur less commonly than A. callidryas, being found at only 8 of the 10 ponds (A. moreletii was absent from Cockspur and Tapir ponds – not coincidentally, the two located furthest from tall vegetation), and on only 36% of survey nights. However, it should be noted that some researchers experienced difficulty in distinguishing the two Agalychnis species, and misidentifications may have occurred on a small number of occasions, although identification problems could often be resolved by visually identifying calling individuals. As with A. callidryas, the vocalisation activity of A. moreletii (Figure 4.4) was highest early in the evening, declining slightly as the night progressed but remaining relatively high even at 01:00. 
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	Figure 4.4: The mean vocalisation activity of Agalychnis moreletii during the course of an evening, at all pond sites at which the species was observed.


Bufo valliceps – Gulf Coast Toad (Plate 2C)
Bufo valliceps was found at five ponds and on 16% of survey nights. Individuals were frequently observed calling on the ground at the margins of the water, and the species appears to exhibit a preference for large, persistent ponds, being most prevalent at Millionario, Aguada and Tapir ponds. Bufo valliceps occurred both in relatively open areas (e.g. Millionario) and in densely-vegetated ones (e.g. Aguada). At Millionario (the deepest and one of the most open of the ponds), Bufo valliceps continued to call throughout the evening and reached its peak vocalisation activity at around 23:00, while at the other ponds its vocalisation activity peaked earlier in the evening and had ceased completely by midnight (see Figure 4.5).
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	Figure 4.5: The mean vocalisation activity of Bufo valliceps during the course of an evening, at all pond sites at which the species was observed.


Hyla ebraccata – Variegated Tree Frog (Plate 2G)
Hyla ebraccata was found at only two ponds – Aguada and Marshy – and occurred on half of the ten nights on which these ponds were surveyed. In both cases individuals were seen to congregate in low bushes close to the pond edge. The vocalisation activity of the species (Figure 4.6) peaked early in the evening and declined steadily thereafter. 

	[image: image7.emf]Nocturnal vocalisation activity of Hyla ebraccata

0

2

4

6

8

10

12

14

16

19:00 20:00 21:00 22:00 23:00 00:00 01:00

Time

Vocalisation activity index

Aguada pond

Marshy pond

All ponds (mean)


	Figure 4.6: The mean vocalisation activity of Hyla ebraccata during the course of an evening, at all pond sites at which the species was observed.


Hyla loquax – Loquacious Tree Frog

Hyla loquax occurred at five of the ten ponds surveyed. It was most common at Millionario, being recorded there at relatively high levels of activity on four of the five nights on which the pond was surveyed, but the species also occurred at Aguada, Guava, Marshy and Tapir ponds. Individuals were frequently seen either in medium-sized bushes or on grasses at the margins of ponds. It is thus hardly surprising that the ponds at which H. loquax was found are predominantly those at which open spaces (with grasses growing at the edges of the ponds) existed in close proximity to medium-sized bushes. The species reached its peak vocalisation activity between 20:00 and 22:00 (see Figure 4.7), although its vocalisations continued throughout the evening. 
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	Figure 4.7: The mean vocalisation activity of Hyla loquax during the course of an evening, at all pond sites at which the species was observed.


Hyla microcephala – Small-headed Tree Frog (Plate 2E)
Hyla microcephala appears to be similar in its habitat preferences to Hyla loquax. It reached its highest audible abundance at Millionario but the species also occurred at Aguada, Guava, Marshy and Tapir ponds, and (unlike H. loquax) at Cockspur pond. Its occurrence predominantly at ponds close to open spaces concurs with Meyer & Foster’s (1996) comment that the species “appears to be most abundant in open or disturbed areas”. Hyla microcephala is a very small species, and was observed on grass stems at the edges of ponds. Where H. microcephala did occur, it was often quite numerous, with vocalisation categories of 2 or 3 attained on several study nights (see Figure 4.2). The vocalisation intensity (the frequency of calls) was also typically high, though the nature of the sound produced by H. microcephala makes it difficult at times to determine the number of calls accurately. The temporal pattern of calling (Figure 4.8) is similar to that observed for Hyla loquax.
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	Figure 4.8: The mean vocalisation activity of Hyla microcephala during the course of an evening, at all pond sites at which the species was observed.


Hyla picta – Painted Tree Frog (Plate 2D)
Hyla picta is the smallest of the vocalising anurans found around Las Cuevas, and like its relative Hyla microcephala it was generally observed on grass stems at the edge of the water. It was only recorded at two ponds – Millionario and Tapir (which fits with the species’ observed preference for open, grassy pond margins) – and on only 6% of total study nights, making it apparently the rarest species in our surveys by this measure. However, the vocalisations of Hyla picta were difficult to hear in a loud chorus and difficult to distinguish from those of insects, and it is thus likely that the species is underrepresented in our survey results. At Millionario, the only pond at which Hyla picta was observed on more than one study night, the vocalisation activity of the species peaked at midnight, although considerable margins of error surround this result.
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	Figure 4.9: The mean vocalisation activity of Hyla picta during the course of an evening, at all pond sites at which the species was observed.


Rana berlandieri – Rio Grande Leopard Frog

Rana berlandieri was generally observed amidst grassy, shallow pond margins, and the four ponds at which it was heard – Cockspur, Marshy, Millionario and Tapir are those in which this microhabitat is most prevalent. Rana berlandieri was heard at various times of evening, with its vocalisation activity (Figure 4.10) apparently peaking later at night than in the case of many other species. Like Hyla picta, Rana berlandieri may be underrepresented in our survey results because its calls are difficult to distinguish against a loud background chorus of other species.
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	Figure 4.10: The mean vocalisation activity of Rana berlandieri during the course of an evening, at all pond sites at which the species was observed.


Rhinophrynus dorsalis – Mexican Burrowing Toad (Plate 2F)
Rhinophrynus dorsalis, a burrowing species, was found to be less closely associated with the ponds than the other anurans in our survey – the individuals recorded were frequently heard calling from deep within the forest some distance away from the ponds themselves (the call of Rhinophrynus dorsalis is loud and distinctive, and can thus be heard over long distances). It was heard during only 5% of total study hours – the lowest value for any species in our survey, except Hyla picta, which is probably underrepresented (see above). In both is temporal and spatial calling patterns (Figure 4.11), the species is perhaps best described as sporadic, and it would be difficult to draw any conclusions about its habitat preferences or timing of vocalisations from the data available.
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	Figure 4.11: The mean vocalisation activity of Rhinophrynus dorsalis during the course of an evening, at all pond sites at which the species was observed.


Smilisca baudinii – Mexican Tree Frog (Plate 2H)
Smilisca baudinii was not a particularly common species in our survey, being found at only four of the ten pond sites and on only 10% of study nights. At Elegans, Guava and Tapir ponds, Smilisca baudinii called only infrequently, but at Millionario it reached very high levels of vocalisation activity (see Figure 4.12). In addition, at least two anecdotal observations of Smilisca baudinii were made on the wooden decking of Las Cuevas Research Station itself (it was the only species observed there). Its discovery at the research station (which is built within a clearing), and its occurrence predominantly at Millionario and Tapir ponds, suggest a preference for relatively open spaces. This concurs with Meyer & Foster (1996), who state that the species “is frequently encountered in open, edge or otherwise disturbed situations”, and that it may be encountered around human habitation. On some study nights, Smilisca baudinii was a relatively late addition to the evening chorus, not reaching high levels of vocalisation activity until around 22:00.
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	Figure 4.12: The mean vocalisation activity of Smilisca baudinii during the course of an evening, at all pond sites at which the species was observed.


Smilisca cyanosticta – Blue Spotted Tree Frog (Plate 2I)
Smilisca cyanosticta occurred sporadically at a variety of ponds, both in relatively open spaces (such as Millionario and Cockspur) and more densely forested ones (such as Elegans and Warree). Despite being recorded at seven different ponds (a greater number than for any of the anurans except the two Agalychnis species), it occurred on only 20% of total study nights, and where it was observed it was seldom abundant (rarely attaining more than Vocalisation Category 1, meaning no more than five individuals). Its vocalisation activity (Figure 4.13) showed a distinct peak during the middle of the evening, around 21:00-22:00.
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	Figure 4.13: The mean vocalisation activity of Smilisca cyanosticta during the course of an evening, at all pond sites at which the species was observed.


Site accounts

A total of ten study sites were surveyed in the area around Las Cuevas. Table 4.3 summarises the frequency of occurrence of anuran species at each of the sites.

Table 4.3: The number of study nights (out of a total of 5) on which anuran species were observed, and the total species count, at each pond

	
	Aguada

pond
	Cockspur 

pond
	Coral 

pond
	Elegans 

pond
	Guava 

pond
	Marshy 

pond
	Millionario 

pond
	Puzzle 

pond
	Tapir 

pond
	Warree 

pond

	Agalychnis callidryas
	4
	4
	5
	4
	3
	5
	2
	5
	1
	4

	Agalychnis moreletii
	3
	0
	3
	3
	2
	1
	2
	1
	0
	3

	Bufo valliceps
	1
	0
	1
	0
	0
	1
	2
	0
	3
	0

	Hyla ebraccata
	3
	0
	0
	0
	0
	2
	0
	0
	0
	0

	Hyla loquax
	1
	0
	0
	0
	1
	1
	4
	0
	3
	0

	Hyla microcephala
	1
	1
	0
	0
	2
	2
	4
	0
	3
	0

	Hyla picta
	0
	0
	0
	0
	0
	0
	2
	0
	1
	0

	Rana berlandieri
	0
	1
	0
	0
	0
	1
	3
	0
	2
	0

	Rhinophrynus dorsalis
	2
	0
	1
	1
	1
	0
	2
	1
	0
	0

	Smilisca baudinii
	0
	0
	0
	1
	1
	0
	1
	0
	2
	0

	Smilisca cyanosticta
	0
	1
	2
	1
	1
	2
	1
	0
	0
	2

	Total number of species recorded
	7
	4
	5
	5
	7
	8
	10
	3
	7
	3


Aguada pond (Plate 3A)

The anuran chorus at Aguada pond (Table 4.4) was dominated by the two Agalychnis species, both of which were heard during over half of the survey hours carried out there (and were observed spawning on the many tall overhanging trees that overhang Aguada), and by Hyla ebraccata, which was observed congregating on low bushes near to the pond. Bufo valliceps, Hyla loquax and Hyla microcephala each occurred there on one of the five survey nights, though few vocalising individuals were present and their vocalisation activity was low. On one of the survey nights, Rhinophrynus dorsalis was also heard calling from the surrounding forest. Along the forest trail a few metres from Aguada there was a large semi-permanent puddle; some frogs were seen congregating there rather than at the pond itself.

Table 4.4: Summary of relative abundance and vocalisation activity data for all species observed at Aguada

	Species
	Number of nights observed (out of 5)
	Total number of hours called

(% of maximum)
	Maximum Vocalisation Category on nights when species was present
	Mean Vocalisation Category on nights when species was present (+/- SE)
	Mean Vocalisation Intensity on nights when species was present (+/- SE)
	Mean Vocalisation Activity on nights when species was present (+/- SE)

	Agalychnis callidryas
	4
	23 (70%)
	3
	1.423 (0.159)
	3.462 (0.401)
	6 (0.922)

	Agalychnis moreletii
	3
	19 (58%)
	3
	1.35 (0.15)
	3.9 (0.397)
	6.05 (1.045)

	Bufo valliceps
	1
	3 (9%)
	1
	0.429 (0.202)
	2 (1)
	2 (1)

	Hyla ebraccata
	3
	16 (48%)
	2
	0.947 (0.12)
	3.895 (0.495)
	4.474 (0.715)

	Hyla loquax
	1
	1 (3%)
	1
	0.167 (0.167)
	0.5 (0.5)
	0.5 (0.5)

	Hyla microcephala
	1
	3 (9%)
	1
	0.429 (0.202)
	2 (0.976)
	2 (0.976)

	Rhinophrynus dorsalis
	2
	5 (15%)
	1
	0.385 (0.14)
	1.538 (0.647)
	1.538 (0.647)


Cockspur pond (Plate 3C)
Cockspur was one of the smallest and most transient ponds in our survey (being dry or nearly dry on three out of the five survey nights). Unsurprisingly, it contained relatively few vocalising anurans; the only species heard there with any regularity was the ubiquitous Agalychnis callidryas, and even this species was heard for only 38% of the total survey hours conducted at Cockspur (see Table 4.5) and reached only low levels of vocalisation activity (with just a few individuals calling intermittently). In addition, Hyla microcephala, Rana berlandieri and Smilisca cyanosticta were each heard at Cockspur on one of the five survey nights carried out here.

Table 4.5: Summary of relative abundance and vocalisation activity data for all species observed at Cockspur pond

	Species
	Number of nights observed (out of 5)
	Total number of hours called

(% of maximum) 
	Maximum Vocalisation Category on nights when species was present
	Mean Vocalisation Category on nights when species was present (+/- SE)
	Mean Vocalisation Intensity on nights when species was present (+/- SE)
	Mean Vocalisation Activity on nights when species was present (+/- SE)

	Agalychnis callidryas
	4
	10 (38%)
	1
	0.435 (0.106)
	0.739 (0.201)
	0.739 (0.201)

	Hyla microcephala
	1
	6 (23%)
	1
	0.857 (0.143)
	4.286 (0.944)
	4.286 (0.944)

	Rana berlandieri
	1
	6 (23%)
	1
	0.857 (0.143)
	2.143 (0.553)
	2.143 (0.553)

	Smilisca cyanosticta
	1
	1 (4%)
	1
	0.143 (0.143)
	0.143 (0.143)
	0.143 (0.143)


Coral pond (Plate 3E)
Coral pond was located relatively deep within the forest, and its vocalising anuran fauna – dominated by the two tree-loving Agalychnis species, reflects this. Agalychnis callidryas occurred there on all five study nights and was heard during a massive 85% of total study hours. A. moreletii was slightly less prevalent, occurring on three study nights and for just over half of the total study hours, although A. moreletii congregated in larger numbers when present, sometimes reaching a vocalisation category of 3 (representing 21-50 vocalising individuals). Smilisca cyanosticta also occurred at Coral on two of the study nights, and Bufo valliceps and Rhinophrynus dorsalis each occurred there on one study night.

Table 4.6: Summary of relative abundance and vocalisation activity data for all species observed at Coral pond

	Species
	Number of nights observed (out of 5)
	Total number of hours called

(% of maximum) 
	Maximum Vocalisation Category on nights when species was present
	Mean Vocalisation Category on nights when species was present (+/- SE)
	Mean Vocalisation Intensity on nights when species was present (+/- SE)
	Mean Vocalisation Activity on nights when species was present (+/- SE)

	Agalychnis callidryas
	5
	28 (85%)
	2
	1.061 (0.106)
	2.97 (0.355)
	4.091 (0.666)

	Agalychnis moreletii
	3
	17 (52%)
	3
	1.4 (0.222)
	4 (0.435)
	6.65 (1.159)

	Bufo valliceps
	1
	1 (3%)
	1
	0.143 (0.143)
	0.429 (0.429)
	0.429 (0.429)

	Rhinophrynus dorsalis
	1
	2 (6%)
	1
	0.286 (0.184)
	1.143 (0.738)
	1.143 (0.738)

	Smilisca cyanosticta
	2
	4 (12%)
	1
	0.308 (0.133)
	1 (0.48)
	1 (0.48)


Elegans pond (Plate 3G)
Like Coral pond, Elegans is surrounded by overhanging trees. The two ponds have a similar vocalising anuran fauna, dominated by the two Agalychnis species, with A. callidryas being the more prevalent (see Table 4.7). The large fallen log that spanned Elegans pond provided an easy waterside site at which Agalychnis individuals were seen to congregate. Rhinophrynus dorsalis and Smilisca cyanosticta each also occurred at Elegans on one of the study nights and (unlike at Coral) Smilisca baudinii was also heard there briefly. The presence of the latter species at Elegans may have been due to the pond’s proximity to the large open space of the Las Cuevas clearing and the nearby road.

Table 4.7: Summary of relative abundance and vocalisation activity data for all species observed at Elegans pond

	Species
	Number of nights observed (out of 5)
	Total number of hours called

(% of maximum) 
	Maximum Vocalisation Category on nights when species was present
	Mean Vocalisation Category on nights when species was present (+/- SE)
	Mean Vocalisation Intensity on nights when species was present (+/- SE)
	Mean Vocalisation Activity on nights when species was present (+/- SE)

	Agalychnis callidryas
	4
	25 (76%)
	2
	1.296 (0.117)
	3.259 (0.29)
	4.519 (0.487)

	Agalychnis moreletii
	3
	13 (39%)
	2
	0.85 (0.167)
	2.3 (0.43)
	3.1 (0.68)

	Rhinophrynus dorsalis
	1
	5 (15%)
	1
	0.833 (0.167)
	2.5 (0.719)
	2.5 (0.719)

	Smilisca baudinii
	1
	2 (6%)
	1
	0.333 (0.211)
	0.833 (0.654)
	0.833 (0.654)

	Smilisca cyanosticta
	1
	6 (18%)
	1
	1
	4
	4


Guava pond (Plate 3I)
Though located extremely close to Cockspur pond, Guava pond was more persistent and more densely covered by low trees. This may explain the greater levels of anuran activity at Guava than at Cockspur. In addition to Agalychnis callidryas, Hyla microcephala and Smilisca cyanosticta (which were also found at Cockspur), the vocalising anurans at Guava pond included Agalychnis moreletii, Hyla loquax, Rhinophrynus dorsalis and Smilisca baudinii. (It should be noted than Rhinophrynus dorsalis was heard some distance away and might have been equally audible from Cockspur, if that pond had been undergoing a survey on the night that Rhinophrynus came out to call.) With the exception of Hyla microcephala, the anurans at Guava pond typically exhibited higher vocalisation activities than those at Cockspur (Table 4.8). The only anuran found at Cockspur that was absent at Guava was Rana berlandieri, which apparently prefers more open spaces. Guava pond was located close to Millionario, and the loud evening chorus at Millionario was frequently audible from Guava.

Table 4.8: Summary of relative abundance and vocalisation activity data for all species observed at Guava pond

	Species
	Number of nights observed (out of 5)
	Total number of hours called

(% of maximum) 
	Maximum Vocalisation Category on nights when species was present
	Mean Vocalisation Category on nights when species was present (+/- SE)
	Mean Vocalisation Intensity on nights when species was present (+/- SE)
	Mean Vocalisation Activity on nights when species was present (+/- SE)

	Agalychnis callidryas
	3
	11 (39%)
	1
	0.611 (0.118)
	1.556 (0.364)
	1.556 (0.364)

	Agalychnis moreletii
	2
	8 (29%)
	1
	0.615 (0.14)
	2.077 (0.548)
	2.077 (0.548)

	Hyla loquax
	1
	4 (14%)
	1
	0.667 (0.211)
	3.333 (1.145)
	3.333 (1.145)

	Hyla microcephala
	2
	7 (25%)
	1
	0.538 (0.144)
	2.846 (0.791)
	2.846 (0.791)

	Rhinophrynus dorsalis
	1
	1 (4%)
	1
	0.2 (0.2)
	0.8 (0.8)
	0.8 (0.8)

	Smilisca baudinii
	1
	1 (4%)
	1
	0.2 (0.2)
	0.8 (0.8)
	0.8 (0.8)

	Smilisca cyanosticta
	1
	3 (11%)
	1
	0.5 (0.224)
	1.833 (0.833)
	1.833 (0.833)


Marshy pond (Plate 3A)
Consisting of a small, open, grassy space surrounded by dense forest, Marshy pond provided a combination of different habitats and was home to a correspondingly wide variety of anuran species, including both tall-tree-dwellers and those that apparently prefer more open spaces. Agalychnis callidryas was the most prevalent vocalising species, occurring on all five study nights and during 82% of study hours (see Table 4.9). Other species present at Marshy were Agalychnis moreletii, Bufo valliceps, Hyla ebraccata, Hyla loquax, Hyla microcephala, Rana berlandieri and Smilisca cyanosticta, although none of these were recorded on more than two of the five study nights carried out there.

Table 4.9: Summary of relative abundance and vocalisation activity data for all species observed at Marshy pond

	Species
	Number of nights observed (out of 5)
	Total number of hours called

(% of maximum) 
	Maximum Vocalisation Category on nights when species was present
	Mean Vocalisation Category on nights when species was present (+/- SE)
	Mean Vocalisation Intensity on nights when species was present (+/- SE)
	Mean Vocalisation Activity on nights when species was present (+/- SE)

	Agalychnis callidryas
	5
	27 (82%)
	2
	0.939 (0.097)
	2.909 (0.344)
	3.606 (0.595)

	Agalychnis moreletii
	1
	6 (18%)
	1
	0.857 (0.143)
	2.857 (0.634)
	2.857 (0.634)

	Bufo valliceps
	1
	2 (6%)
	1
	0.286 (0.184)
	0.857 (0.595)
	0.857 (0.595)

	Hyla ebraccata
	2
	9 (27%)
	2
	0.857 (0.206)
	3.714 (0.801)
	5.143 (1.37)

	Hyla loquax
	1
	4 (12%)
	1
	0.571 (0.202)
	3 (1.345)
	3 (1.345)

	Hyla microcephala
	2
	5 (15%)
	1
	0.357 (0.133)
	2.071 (0.795)
	2.071 (0.795)

	Rana berlandieri
	1
	1 (3%)
	1
	0.143 (0.143)
	0.143 (0.143)
	0.143 (0.143)

	Smilisca cyanosticta
	2
	7 (21%)
	1
	0.538 (0.144)
	1.538 (0.475)
	1.538 (0.475)


Millionario pond (Plate 3D)
Millionario was the deepest and most permanent of the ponds (it was the only one that was never dry during our study period), and it exhibited both the widest range of vocalising species (all species except Hyla ebraccata were recorded there) and some of the highest levels of vocalisation activity (see Table 4.10). The chorus at Millionario was usually dominated by Hyla loquax and Hyla microcephala, with Smilisca baudinii also reaching high levels of vocalisation activity on one of the study nights (although it was absent on the other four nights). Bufo valliceps, Hyla picta and Rana berlandieri were also frequent additions to the chorus, perhaps more frequent than our data suggests, since their calls were sometimes drowned out by the louder species at Millionario. Agalychnis callidryas and Agalychnis moreletii were sometimes heard in the tall trees behind Millionario, but did not appear to reach high levels of vocalisation activity (although they, too, may simply have been inaudible above the noise of other species).

Table 4.10: Summary of relative abundance and vocalisation activity data for all species observed at Millionario

	Species
	Number of nights observed (out of 5)
	Total number of hours called

(% of maximum) 
	Maximum Vocalisation Category on nights when species was present
	Mean Vocalisation Category on nights when species was present (+/- SE)
	Mean Vocalisation Intensity on nights when species was present (+/- SE)
	Mean Vocalisation Activity on nights when species was present (+/- SE)

	Agalychnis callidryas
	2
	8 (24%)
	1
	0.571 (0.137)
	0.929 (0.305)
	0.929 (0.305)

	Agalychnis moreletii
	2
	4 (12%)
	1
	0.286 (0.125)
	0.786 (0.434)
	0.786 (0.434)

	Bufo valliceps
	2
	11 (32%)
	2
	1.071 (0.195)
	3.286 (0.641)
	5 (1.301)

	Hyla loquax
	4
	26 (76%)
	3
	1.556 (0.134)
	5.444 (0.367)
	9.407 (1.11)

	Hyla microcephala
	4
	27 (79%)
	3
	1.815 (0.142)
	6.148 (0.349)
	12.148 (1.358)

	Hyla picta
	2
	10 (29%)
	3
	1.214 (0.261)
	3.786 (0.764)
	6.929 (1.793)

	Rana berlandieri
	3
	11 (32%)
	1
	0.524 (0.112)
	1.429 (0.349)
	1.429 (0.349)

	Rhinophrynus dorsalis
	2
	3 (9%)
	1
	0.231 (0.122)
	0.462 (0.243)
	0.462 (0.243)

	Smilisca baudinii
	1
	7 (21%)
	3
	2.286 (0.36)
	5.571 (1.152)
	15.143 (4.206)

	Smilisca cyanosticta
	1
	2 (6%)
	2
	0.571 (0.369)
	1.714 (1.107)
	3.429 (2.213)


Puzzle pond (Plate 3F) 

The vocalising anuran fauna at Puzzle pond was dominated overwhelmingly by Agalychnis callidryas, which was heard there on 94% of total study hours (the highest such value for any species at any pond). The only other species heard there were Agalychnis moreletii and (for just one hour) Rhinophrynus dorsalis, although these species each occurred on only one of the study nights. Puzzle pond was located deep within the forest, with no large open spaces nearby and little vegetation other than relatively tall trees, which may help explain why only Agalychnis was regularly found there.

Table 4.11: Summary of relative abundance and vocalisation activity data for all species observed at Puzzle pond

	Species
	Number of nights observed (out of 5)
	Total number of hours called

(% of maximum) 
	Maximum Vocalisation Category on nights when species was present
	Mean Vocalisation Category on nights when species was present (+/- SE)
	Mean Vocalisation Intensity on nights when species was present (+/- SE)
	Mean Vocalisation Activity on nights when species was present (+/- SE)

	Agalychnis callidryas
	5
	30 (94%)
	2
	1.063 (0.077)
	2.656 (0.313)
	3.406 (0.627)

	Agalychnis moreletii
	1
	5 (16%)
	1
	1 (0)
	1.8 (0.2)
	1.8 (0.2)

	Rhinophrynus dorsalis
	1
	1 (3%)
	1
	0.143 (0.143)
	0.286 (0.286)
	0.286 (0.286)


Tapir pond (Plate 3H)
Tapir pond was located near to Millionario and similar in its vegetation characteristics. It thus exhibited a similar range of vocalising anuran species, with a loud chorus dominated by Hyla loquax and Hyla microcephala. Bufo valliceps, Rana berlandieri and Smilisca baudinii also occurred at Tapir on more than one survey night, although they did not reach such high levels of vocalisation activity as the two Hyla species (see Table 4.12). Tapir pond was shallower and less permanent than Millionario, which may explain why only seven vocalising species were recorded there, compared with ten at Millionario. (Agalychnis moreletii, Rhinophrynus dorsalis and Smilisca cyanosticta were recorded at Millionario, but never at Tapir.)

Table 4.12: Summary of relative abundance and vocalisation activity data for all species observed at Tapir pond

	Species
	Number of nights observed (out of 5)
	Total number of hours called

(% of maximum) 
	Maximum Vocalisation Category on nights when species was present
	Mean Vocalisation Category on nights when species was present (+/- SE)
	Mean Vocalisation Intensity on nights when species was present (+/- SE)
	Mean Vocalisation Activity on nights when species was present (+/- SE)

	Agalychnis callidryas
	1
	1 (3%)
	1
	0.143 (0.143)
	0.143 (0.143)
	0.143 (0.143)

	Bufo valliceps
	3
	8 (28%)
	1
	0.4 (0.112)
	0.95 (0.285)
	0.95 (0.285)

	Hyla loquax
	3
	17 (59%)
	1
	0.85 (0.082)
	4.6 (0.587)
	4.6 (0.587)

	Hyla microcephala
	3
	18 (62%)
	1
	0.9 (0.069)
	5.6 (0.54)
	5.6 (0.54)

	Hyla picta
	1
	1 (3%)
	1
	0.143 (0.143)
	1.143 (1.143)
	1.143 (1.143)

	Rana berlandieri
	2
	9 (31%)
	1
	0.692 (0.133)
	2.846 (0.639)
	2.846 (0.639)

	Smilisca baudinii
	2
	9 (31%)
	1
	0.692 (0.133)
	1.846 (0.406)
	1.846 (0.406)


Warree pond (Plate 3J) 

Like Puzzle pond, Warree is located deep within the forest, with vegetation dominated by tall trees. The main vocalising species recorded there were the two Agalychnis species, with Agalychnis callidryas (as at many other ponds) recorded for a greater number of hours and on a greater number of survey nights than Agalychnis moreletii (see Table 4.13). The presence of these two species at Warree is unsurprising given their apparent preference for tall vegetation overhanging the ponds. Smilisca cyanosticta was also recorded at Warree pond on two of the five survey nights.

Table 4.13: Summary of relative abundance and vocalisation activity data for all species observed at Warree pond

	Species
	Number of nights observed (out of 5)
	Total number of hours called

(% of maximum) 
	Maximum Vocalisation Category on nights when species was present
	Mean Vocalisation Category on nights when species was present (+/- SE)
	Mean Vocalisation Intensity on nights when species was present (+/- SE)
	Mean Vocalisation Activity on nights when species was present (+/- SE)

	Agalychnis callidryas
	4
	24 (80%)
	1
	0.923 (0.053)
	2.808 (0.304)
	2.808 (0.304)

	Agalychnis moreletii
	3
	13 (43%)
	2
	0.882 (0.146)
	3.118 (0.521)
	3.706 (0.756)

	Smilisca cyanosticta
	2
	8 (27%)
	1
	0.727 (0.141)
	1.727 (0.407)
	1.727 (0.407)


4.2 Field study 2: Results of visual encounter surveys
A total of seven identified species were found during visual encounter surveys along the five transects. Unidentified individuals (probably all Rana species) were also recorded to give a more accurate estimate of amphibian abundance in the area. Table 4.14 lists the species encountered.

Table 4.14: amphibian species encountered during visual encounter surveys

	Species
	Total number of individuals encountered

	Bolitoglossa rufescens
	1

	Bufo valliceps
	1

	Eleutherodactylus chac
	6

	Eleutherodactylus laticeps
	9

	Eleutherodactylus rhodopis
	1

	Gastrophryne elegans
	1

	Rana juliani
	13

	Unidentified anurans
	25


Each transect was surveyed five times during day light hours and all with the exception of Creek were surveyed at least five times during the night (Nature Trail transect was surveyed six times). This gave a total of 55 person hours searching in which a total of 57 individual amphibians were encountered. The most common litter species found around Las Cuevas was Rana juliani, being positively identified at four out of five sites, followed by Eleutherodactylus laticeps (2 sites) and E. chac (2 sites). Other identified species were only encountered on one occasion each. However the largest group is that of unidentified anurans (all believed to be Rana species) so it is certainly possible that the actual figures of relative species abundance differ from those drawn from our positive identification. One salamander species (Bolitoglossa rufescens) was recorded during the survey period on one occasion; the fact that only one was recorded is not surprising as salamanders have been noted as being rare in and around the Maya Mountains (Campbell 1998). All frogs with the exception of one R. juliani (found 0.5m from the ground on a low shrub) were found in or on the leaf litter; and B. rufescens was found on a large leaf of the give and take palm (Crysophila stauracantha) 1.0m from the ground.

There were differences in the encounter rate both between transects and within transects between day and night surveys (Figure 4.14). If the Creek transect is excluded as no night data is available for this transect, the vast majority of sightings (81%) were made at night and indeed the average number of encounters at four out of the five transects during the day was less than one. The largest number of sightings was made at the Creek transect although this also proved the most difficult area in which to positively identify individuals since they were in the habit of escaping into the litter at the bottom of the many standing pools. Warree transect (50m away from Warree pond) was the second most successful, followed by Bird Tower, Saffron, and finally Nature Trail in which only one frog was found during the survey period.  
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	Figure 4.14: Average number of frogs found on each survey session at each of the transect sites both during the day and at night. (Creek transect was not surveyed at night for safety reasons.)


Species richness and community structure appeared not to be uniform across the sites (Table 4.15), although it is difficult to draw definite conclusions due to the limited data. Both Warree and Bird Tower had four out of the six identified frog species; three were found at Saffron as was the one salamander species. Nature Trail appears to have the lowest species richness, and although Creek had only one identified species the large number of unidentified individuals suggests a much greater overall richness.

Table 4.15: Mean number of individuals found during visual encounter surveys at transect sites

	Site
	Time
	Bufo valliceps
	Eleutherodactylus chac
	E. laticeps
	E. rhodopis
	Gastrophryne elegans
	Rana juliani
	Unknown anurans
	Bolitoglossa rufescens
	Total

	Bird Tower
	Day
	0
	0
	0
	0
	0
	0.4
	0
	0
	0.4

	
	Night
	0
	0
	1.6
	0
	0
	0.4
	0
	0
	2

	Creek
	Day
	0
	0
	0
	0
	0
	0.2
	4.8
	0
	5

	Nature Trail
	Day
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	Night
	0
	0
	0
	0
	0
	0
	0.2
	0
	0.2

	Saffron 
	Day
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	Night
	0.2
	0
	0
	0
	0.2
	0.4
	0
	0.2
	1

	Warree 
	Day
	0
	0
	0
	0
	0
	0.6
	0
	0
	0.6

	
	Night
	0
	1.2
	0.2
	0.2
	0
	0.4
	0
	0
	2


4.3 Field study 3: Results of pitfall trapping surveys
The pitfall traps were less successful than the visual encounter surveys. Five lines were set and each left for seven nights. In 35 nights of trapping, three anuran individuals were found: two Eleutherodactylus rhodopis and one Rana juliani (Table 4.16). Unfortunately, salamanders (the main target of the pitfalls) were never found. This can in part be attributed to the unusual lack of rain for the season, the dry conditions discouraging the emergence of amphibians from holes and burrows.

Table 4.16: Number of individuals captured along pitfall lines

	Pitfall line
	Eleutherodactylus rhodopis
	Rana juliani

	Bird Tower
	0
	0

	Elegans
	0
	0

	Millionario
	0
	0

	Saffron
	1
	0

	Warree
	1
	1


The data are insufficient to draw any meaningful conclusions about presence/absence of litter species, although the occurrence of Eleutherodactylus rhodopis at Saffron suggests that as expected not all species present were found during the visual encounter surveys.

4.4 Weather

Rainfall

The study period began at the end of the dry season, in late June, and at the time of our arrival at Las Cuevas all of the study ponds except for Millionario were empty. Heavy rain fell during a few days in early July (during the second and third weeks of our study period), filling the ponds, but during the subsequent month, the weather was remarkably dry, with negligible rainfall. By the end of our study period (the second week of August), most of the ponds were empty once again (with the exception of Aguada, Elegans and Millionario). Such a prolonged period of dry weather, during what is normally characterised as the wet season, was a surprise not only to us but also to many of the long-term residents of the research station.

It was estimated that around 200 mm of rainfall fell during the 44 days of our study period. However, collection of accurate quantitative rainfall data proved difficult due to problems with the rain gauges, and the fact that significant variation in rainfall appeared to exist even within the small area of Chiquibul forest covered by our study. (It was believed by some researchers that the Las Cuevas clearing, for example, had a distinctive microclimate, experiencing less rainfall than the surrounding forest.)

A negative correlation was found between the activity of vocalising anuran activity at the ponds and the amount of time that had elapsed since the last significant rainfall. In other words, anurans were more likely to call soon after rain than after prolonged dry weather. The number of species observed at the ponds was correlated negatively with time since rainfall with a Pearson’s correlation coefficient (r) of -0.39. The mean vocalisation activity index of anurans (Figure 4.15) also correlated negatively with time since rainfall, with a similar correlation coefficient (r=-0.41).
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	Figure 4.15: Plot of mean vocalisation activity recorded at ponds, averaging across all species, against the amount of time that had elapsed since the last significant rainfall. A regression line is shown.


The data gathered during visual encounter surveys and pitfall trapping proved insufficient to discern any relationship between non-vocalising amphibian activity and rainfall.

Temperature

Average evening temperatures on survey nights (taken as the mean air temperature recorded beside the ponds between 19:00 and 22:00) ranged from 20°C to 26°C; the mean was 22.5°C. The temperatures recorded during survey nights remained relatively consistent throughout the study period, with only small day-by-day variations and no overall seasonal trend (Figure 4.16).
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	Figure 4.16: Mean air temperatures recorded at ponds on study nights (during the evening between 19:00 and 22:00)


Water temperatures during the early evening were significantly higher (p<0.001) at the ponds located in open areas (Cockspur, Guava, Millionario and Tapir) than at those covered by trees, due to heating of the ponds by the sun during the day. The average evening water temperature (the mean temperature recorded between 19:00 and 22:00) at the open ponds was 25.8°C, although this temperature declined steeply during the course of an evening. The average evening water temperature at the tree-covered ponds was only 22.9°C.

5. Discussion

5.1 Influence of rainfall upon the amphibian community

Our results were affected to a great extent by the unexpectedly low rainfall that was experienced during our study period.  Although June through September is considered the ‘wet season’ with an average of ? mm of monthly rainfall, the approximate rainfall during our study period was only 140 mm per month. Rainfall undoubtedly has an effect upon frog breeding activity, as shown by the significant negative correlation (-0.41) between vocalization activity at the ponds and the number of days since the previous rainfall event. However, our data are unable to directly answer the question of whether frog breeding activity is determined by the frequency of rainfall, intensity of rainfall, duration of rainfall events, water level in the ponds, or a combination of these factors. Millionario pond was never dry, yet there were considerable differences between study nights in the vocalizing anurans present there (for example, Smilisca baudinii was present in large numbers on one of the study nights but was not heard on the other four), which demonstrates that the presence or absence of water in the ponds is not the only factor influencing breeding activity.

The transect sites used in our visual encounter surveys dried out rapidly after rain, and no clear relationship could be discerned between the number of amphibians found there and the time since previous rainfall. However, it is significant that the highest number of individuals were recorded at Creek transect, which is the only one with standing water. Both salamanders and some of leaf litter species found (Eleutherodactylus species) lay their eggs in moist terrestrial settings and undergo direct development (Lee 1996). They are therefore not dependent on bodies of water to breed, although being amphibians they are still in danger of desiccation during period of water stress. In times of drought salamanders and litter frog species remain under cover, and the high number of amphibians found at Creek transect may be due to the damp conditions there encouraging the emergence of individuals into the open. However, it is interesting that only one frog was found at Nature Trail transect even though one survey there was carried out on an evening of heavy rain; this absence of amphibians may be due a number of other factors such as the types of microhabitat present along this transect.

Many frogs are opportunistic breeders: eggs were found in previously-dry ponds almost as soon as water appeared there, eggs and tadpoles were even seen in flooded ruts in the road. The lack of consistent rainfall later in our study period led to many areas of water, including some ponds, drying up, causing tadpoles and eggs to become desiccated and die. Opportunistic and explosive breeders such as Rhinophrynus dorsalis (only found on nights directly preceding rainfall) are far better adapted to cope with ephemeral breeding sites, since under normal rainfall conditions their tadpoles develop fast enough to avoid desiccation (Campbell 1998). This year, however, rainfall events were such that most standing water dried up within days, the only ponds retaining water for at least few weeks being Millionario, Aguada and Elegans. Eggs laid in transient water bodies such as puddles in trails are likely to have suffered high mortality. As a result the species specializing in rapid development, and breeding in transient bodies of water, may have suffered disproportionately to those breeding consistently and in more permanent ponds.

In addition to affecting the breeding success of amphibians, the low rainfall may have caused considerable reductions in their prey species. The lack of standing water will have reduced the number of breeding sites for invertebrates with water borne larvae, causing stress to the populations of any amphibians that prey extensively on such invertebrates.  

A long-term decrease in rainfall in the area, possibly as a result of global climate change, could therefore drastically affect the composition of the local amphibian community. Further analysis of all five years’ worth of Project Anuran data may provide an indication of whether there is a long-term trend towards drier conditions, and whether it has already had any impact upon the amphibian communities present in Chiquibul forest. Even if the current lack of rainfall experienced by Project Anuran researchers in 2003 and 2004 is not part of a long-term trend, examination of the way in which the amphibian fauna responds to these dry conditions could provide a valuable insight into what might happen if permanent drying of the area’s climate does occur at any time in the future.

5.2 Review of methodology

Vocalisation surveys

This survey technique was generally successful, producing reliable, accurate results for investigating species richness, as indicated by vocalisation activity. However, while surveying it was found that some species stopped vocalising when exposed to torchlight.  The reaction varied across different species, for example Hyla microcephala was apparently unaffected by the light, whereas Rana berlandieri stopped vocalising immediately, and remained silent for a prolonged period after the light was switched off. The majority of species were observed to be light sensitive to some extent.  Red filters fitted over the torches would provide a possible solution to this problem.

Visual encounter surveys along transects

This method was used as a continuation from Phase IV. Because of the unseasonably dry weather and restrictions imposed by the research station on the positioning of the transect lines, we predicted that these surveys would not be very successful. However, when our results are compared to those from Phase I, in which multiple quadrats rather than transects were used, our methodology is found to be more successful, with a greater number of species and individuals recorded. Despite this, improvements could be made to our technique. Placing the transect lines along a gradient between two different habitats, for example from a pond edge moving into the forest, could provide a means of assessing species composition across the gradient. The timing of surveys could also be standardised, with the day and night surveys being twelve hours apart for consistency. Wherever possible, no transect was repeated more than once in twenty-four hours. Nets could also been a useful tool where the transect site was by water, to help capture and identify fast moving individuals.

Pitfall trapping

This survey method was extremely unsuccessful. There are several possible reasons for this. The first is that the majority of salamander species are arboreal, with many found in bromeliads, high within the tree canopy. The second is that our survey did not employ side flap pail traps, but just standard lidless buckets and drift fences, and therefore it is possible that salamanders did fall into the traps but managed to escape. However, because of the overall lack of salamander sightings, this seems unlikely. The use of side flap pail traps would certainly have made the pitfalls better able to capture anuran species, in addition to salamanders. Another possibility would be to arrange three pitfall lines in 120-degree orientation around a central point, allowing a focus on specific two-dimensional areas. 

5.3 The wider picture

Phase V is the final year of the research originally proposed by Project Anuran. The Phase V report will be combined with the previous four years’ results to provide a comparative study of the population fluctuations of the anuran fauna in the vicinity of Las Cuevas. However, as outlined above, some conclusions can be drawn on the basis of Phase V findings alone.

Project Anuran has always existed as a student-organised research project, and as such it has been able to obtain funds and resources from a range of funding bodies.  Project Anuran’s unique position as a student-managed project has enabled the study to be conducted in an area where species are not at immediate risk and so are not subject to the international focus by non-government organisations such as IUCN.

Several things need to be considered if further studies are to be made on amphibians in the Las Cuevas area.  As mentioned earlier, disturbance from a variety of sources may have affected to activity and abundance of frogs in the region. Plans for a new reservoir and dam, approximately 15 km north of Las Cuevas, have recently been approved. Undoubtedly this will have an ecological effect of some kind on the area, which could negatively impact the amphibian population. The impact of wider factors that may affect the local fauna, such as long-term climate change, should also be assessed, so that future research in the region can be placed in the context of the current global amphibian decline. Only by assembling information from a multitude of local and regional studies can scientists begin to understand and prevent this worrying decline, and we hope that the five years’ worth of data gathered by Project Anuran will provide a useful piece of the puzzle.
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Appendix A: Treasury report

	
	
	£

	Pre-departure
	Flights
	3600

	
	Tax
	300

	
	Accommodation at Las Cuevas 
	3500

	
	Insurance
	420

	
	Film


	150

	Training
	Wilderness medical training

First Aid courses
	330
150

	
	Vaccinations
	150

	
	Medical supplies
	200

	
	Personal and scientific equipment 
	450

	
	Administration


	150

	In Field
	Food
	3000

	
	Research permit
	75

	
	In country travel


	700

	Post expedition
	Report printing and distribution
	300

	
	Photographic development


	150

	Total
	?


Appendix B: Map of the Las Cuevas area showing study sites
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� Dr Jan Meerman, Green Hills Butterfly Farm, Belize.
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