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1. Introduction
1.1 University of Glasgow Exploration Society & Trinidad (and Tobago)
GU ExSoc has undertaken expeditions to Trinidad &Tobago since 1989, and the 2011 Expedition was
the 17th in the series. The first two (1989, and 1991) included work on both islands, but since then
Trinidad expeditions have worked almost exclusively on the larger island, with occasional forays to
Tobago; and a separate GU ExSoc expedition series has arisen to Tobago, specialising in marine
turtles.
GU Trinidad expeditions have worked closely with local counterparts over the years, especially with
the Government’s Wildlife section, the University of the West Indies at St Augustine, and with Asa
Wright Nature Centre field station, Simla. All of these established relationships were developed
further and new ones created, such as with Edmund Charles; manager of Aripo Savanah Scientific
Reserve, and with Trinidad and Tobago’s Field Naturalists Club members.
GU Trinidad expeditions have all produced full reports, like this one, but have also contributed to
four Ph.D. theses and have generated a large number of scientific papers in international peer
reviewed journals. In addition, our expeditions have often got involved in educational work, mainly
focused on biodiversity and conservation and associated with schools, summer camps and NGO’s.
Again, the 2011 Expedition not only kept up this strand of our work, but developed it further;
educating local Trinidadian school children about amphibians, and the importance of conservation,
in collaboration with a British Council funded project; linking Scottish and Trinidadian schools.
Like many developing countries with high biodiversity, Trinidad faces considerable problems in
conserving its wildlife. Partly, this is the result of lack of expertise and resource allocation. Trinidad
has signed the Convention on Biological Diversity and has developed a Biodiversity Action Plan but
much remains to do to put this plan into effect. For this reason, the Government’s Wildlife Section
has traditionally welcomed expeditions like ours who work in partnership with them to develop
knowledge about the island’s biodiversity.

1.2 Trinidad
Trinidad is an island situated in the Southern Caribbean Sea, just off the coast of Venezuela. Within
this island of natural beauty, areas of marvellous untouched wonders exist with considerable
geographical and biological diversity. Habitats such as the mangrove swamps of the west and south,
the forests of the Northern Range Mountains, and the freshwater swamp at Nariva to the east are
just some examples of such a diverse landscape.
The island is of a tropical climate, with a dry season usually lasting from late December into May and
a wet season the rest of the year, though sometimes the rain can be rather scarce in more recent
years. The island is fortunate enough to lie outside the normal zone of hurricanes, however they do
approach as near as Tobago. Trinidad was connected to mainland South America as recently as 3000
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years ago, and so it shares a lot of its fauna and flora with the mainland; with increasing evidence,
using new molecular techniques, that some of Trinidad’s species are endemic, having diverged
sufficiently from those on the mainland. So far, some 2,300 species of flowering plants have been
recorded from Trinidad, including ~700 orchids, and ~370 species of tree. The diversity of animals is
similarly high: over 400 species of bird, 108 mammals (57 of them bats), ~70 reptiles and over 30
amphibians. Terrestrial arthropod diversity is extremely high, too great for accurate records as yet:
as an indicator, 620 species of butterflies have been recorded so far.

1.3 Expedition planning and logistics
1.31 Personnel
10 undergraduates were chosen following interviews conducted by Gillian Simpson, Kirsty Garland
and Professor Roger Downie in October 2009. The team members (showing name, age and
subject/level of study) were:
Leaders
Gillian Simpson (26) Level 2 Biology
Kirsty Garland (23) GU Zoology graduate
Members
Mhairi Macdonald (20):
Chloe Rossi (21):
Emma Sergeant (20):
Veronica Sisson (23):
Christopher Smart (20):

Level 2 Biology
Level 4 Zoology
Level 4 Zoology
Level 3 Zoology
Level 4 Zoology

Martin Stodter (18):
Mary Sumner (20):
Liam Templeton (22)
Marie Tiffoney (22)
Rebecca Watson (22)
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Level 1 Biology
Level 3 Zoology
Level 4 Zoology
Level 4 Zoology
Level 4 Zoology

Figure 1: The entire team; Maracas Waterfall trail, Trinidad July 2011. (Standing L-R) Tom, Emma, Liam, Mhairi, Veronica,
Marie, Martin, and Chris. (Sitting L-R) Kirsty, Gillian, Chloe, Rebecca, and Mary.

In addition, the expedition was supported by:
Staff
Professor Roger Downie: Professor of Zoological Education
Tom Deas: GU Science Festival Coordinator and GU Zoology graduate
Naomi Barron: Wife of Prof Downie
Advisers in Trinidad
Mike Rutherford: Curator Zoology Museum, University of the West Indies
Adrian Hailey: Herpetologist of University of the West Indies
John Murphy: Research Fellow, Field Museum, Chicago
Stephen Poon: Manager of Marine Turtle Research, Trinidad Wildlife Department
Graham White: Trinidad wildlife biologist and independent environmental consultant
Advisers in Glasgow
Geoff Hancock: Entomologist, Hunterian Museum, Glasgow
Dr Debbie McNeil: Director of GU Science Festival
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1.32 Fund Raising
Fundraising involved the team organising many different events and activities, such as bake sales,
band nights, pub quizzes, and bag-packing within local supermarkets. Also numerous organisations
were approached for funding; with grant applications being submitted for both for the team and for
individuals. In addition a major sponsorship deal between the Expedition and ‘Amazonia’ at
Strathclyde Park was secured. Also each team member made a personal contribution of £600. Full
accounts are given in Appendix 1.

1.34 Logistics
An advance party (Downie, Baron, Simpson, Watson, and Smart) arrived in Trinidad via an internal
flight from the neighbouring island Tobago, to which the team had arrived by a British Airways flight
from Gatwick, on 11th June 2011. The advance party was arranged in order to assemble equipment
stored following previous expeditions, to set up our laboratory (Dudley Huggins Building, University
of the West Indies), to sort our accommodation (3 Carmody St, St Augustine: a private student
residence run by the Lakheeram family), and to arrange collection permits (Government Wildlife
Section, St Joseph). The remainder of the team arrived 16th June, to stay for 8 weeks. For transport,
three cars were rented from Convenient Rentals of Chaguaramas. Drivers were initially Gillian
Simpson, and Naomi Barron, with Kirsty Garland, Tom Deas, Liam Temptleton, and Rebecca Watson
all being insured on individual cars throughout the time on the island. We also used local maxi-taxis
and buses on occasion. They are very cheap and frequent. The University allowed us our own set of
keys to the Dudley Huggins building; providing anytime access, which was very important for field
work on amphibians, as many collection trips took place late in the evening. And with small busy
towns such as St Augustine and Tunapuna nearby it was easy for the team to buy all necessary food,
petrol, hardware needs etc. from shops and market stalls close to our residence.

1.34 Safety and medical arrangements
The leaders of the Expedition prepared a risk assessment in advance, following University of Glasgow
guidelines. Members were vaccinated against hepatitis A & B, yellow fever, typhoid, polio and
tetanus. Some members chose to be vaccinated against rabies which can be contracted through
contact with bats in Trinidad. Malaria is extremely rare in Trinidad, so anti-malaria tables were not
essential. The most likely serious disease in Trinidad is dengue fever. There is no vaccine against this,
and so everyone was advised to avoid being bitten by day-biting mosquitoes, but it is very difficult to
achieve this. Two team members received outdoor first aid training in advance of the expedition,
with a further two members holding first aid training certificates from prior experiences. It was
routine for each vehicle to carry a first aid kit on field trips, and a first aid kit was also kept at our
accommodation and within the laboratory.
Fortunately the team did not experience any serious medical illnesses or injuries, with only minor
incidence such as several team members needing treatment with anti-inflammatory tablets, and
anti-histamine for insect bites. During intense field work some sunburn cases evolved and needed
treatment. And some unfortunate members experienced sea urchin defences; having getting spines
imbedded into their feet. All team members were careful to carry water, and we were lucky to have
had no major dehydration cases. The crime rate in Trinidad is high however. It was our practice for
no field work to be done by lone individuals, and even for work on the University Campus to be done
routinely in pairs, and never individuals. Regrettably the team did experience some of the local
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crime, but this did not deter anyone’s motivation, and members were encouraged to stay positive,
and remain vigilant, as one would do anywhere in the world. Our accommodation at St Augustine
has a caretaker who is generally present, and this helped prevent the appearance of unwanted
visitors.

1.4 Acknowledgments
Sponsorship: The entire team would like to thank all sponsorship provided to the Expedition which
ultimately allowed for the expedition to go ahead. Special thanks go to The University of Glasgow’s
Exploration Council, Carnegie Trust for the Universities of Scotland, Blodwen Lloyd Binns Trust of the
Glasgow Natural History Society, Dennis Curry Charitable Trust, Lindeth Trust, Albert Reckitt, and
Thriplow Trust. And particularly a special thanks to Amazonia for not only supporting us finically but
for the role they played in helping educate local Scottish schools, and allowing for us to blog via their
website whilst in Trinidad; keeping in touch with our young friends we had met through school visits
in Scotland, to which we are also thankful to, and are all extremely pleased to have become
acquainted with.
Expedition planning and advice: We would like to thank all whom provided the team with advice,
support, and guidance throughout the experience; Mrs Florence McGarrity, Mr Geoff Hancock, Ms
Maggie Riley, Dr Stewart White, Mr John Murphy, Mr Mike Rutherford, Dr Debbie McNeil, Mrs
Rebecca Scott, Ms Naomi Barron, and to Professor Roger Downie immensely for all his support and
guidance throughout the entire expedition. Also a huge thank you goes to all of our friends and
family, for their support, and for continuously buying cakes, raffle tickets, t shirts, and sponsoring us
all.
In Trinidad: Thank you to the Lakheeram family for providing the team with accommodation at
Carmody Road, with a special thanks to the building manager Parker for all of his help, and
hospitality. Also thank you to Dawn, at Convenient Rentals, for providing us with support during our
brush with the local crime. Thanks to all the staff and students at UWI for their backing of the
Expedition and guidance, and allowing for us to have access to a laboratory which was essential to
our work. Thank you to staff of the Trinidad Wildlife Division, such as David Boodoo, David Mahabir,
Wendy, and Sookraj, for allowing us to carry out such work and for all their support and interest
shown. Thank you again to Mr Mike Rutherford, and his wonderful family for putting up with us all.
And lastly an enormous thank you to Christopher Parton for his friendship, and for sharing with us
his local knowledge of Trinidad, and for guiding us to many different locations, to which we would
never have known about.
Others: Special thanks to Lesley Atkins: development officer for international education, Glasgow.
Ashram Deoraj: schools supervisor, Trinidad. Kent Jardine: Global schools partnership manager,
British Council Trinidad, and all the teachers and pupils at the schools in both Trinidad and Glasgow
that worked with us.

2. The Trinidad Experience: Gillian Simpson
One of the main aims to a University Expedition, such as Trinidad 2011, is to allow students, no
matter their background or chosen degree, to gain important life experience. This is not only
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achieved by carrying out scientific research and being part of a team, but from experiencing a new
culture, and witnessing astonishing tropical flora and fauna; a lot different from normality. Heading
out on collecting trips to many different sites ranging over the island allows students to see, hear,
and smell a lot of Trinidad. However to expand on this many excursions are arranged; also giving the
expedition team members some down time. Here students are able to discover new and different
biological interests, which may not be achievable from day-to-day collecting trips, and to carry out
tasks such a swimming up rivers, launching one-self off waterfalls, and dancing with locals partaking
in traditional celebrations. Many such excursions were planned throughout the 8-week expedition.
Amongst the excursions were many tortuous hikes. With the help of PhD student Stevland Charles,
some of the team hiked up Trinidad’s second highest peak, El Tucuche (936m above sea level). It is
very steep, covered with thick rainforest, and on the day of the hike the rain was falling heavy;
adding to the difficulties the students already faced. Once at the top Stevland pointed out the call of
a Bearded bellbird (Procnias averan) possibly one of the world’s loudest bird. Another major hike
was to Paria Bay and Waterfall, an all-round 10+ miles, with many steep hills and streams to
overcome. One hill in particular was called Mount Kilimancharo; named so because of how steep it
was. The students were given a help in hand from local fisherman, and friend of previous Trinidad
Expeditions Chris Parton. Chris has much experience of hiking this trail, as he uses it has a ‘short cut’
from one part of the island to another. During the hike to Paria the team again endured heavy rain
fall, which made it near possible to continue. However once they reached the Bay and Waterfall the
rain clouds cleared slightly and the students could enjoy what seemed like a paradise, untouched by
man. Both of these hikes were huge feats for the team members, as a group working together, and
as individuals, with some never having taken on any hikes quite like these.
Other, somewhat less tortuous hikes were of that to spectacular waterfalls such as Salybai, La Laja
and Maracas. With the latter also being a site of collection for Mannophryne trinitatis this hike was
carried out numerous times by the students. However for team members these were all
unforgettable experiences. Salybia waterfall is located in the northeast of Trinidad. It's a very muddy,
2 hour long hike with few steep sections, which was a nice break for the team. As you approach the
waterfall you are able to admire it from afar. Here a perfect basin of over 20ft deep lies; after
thousands of years of being shaped by the falling water, and is surrounded by stunning flora; it was
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Figure 1: Trinidad team 201, Tamana Cave. (Back row L-R) Mhairi, Veronica, Emma, Marie, Martin, Liam, Chris, Becky,
Tom, and Chloe (front L-R), Mary, and Gillian.

paradise. La Laja Waterfall is high in the central mountains of the Northern Range, and before
setting foot the team had to overcome harrowing roads by car. After what seemed like hours the
team reached the end of the road, parked their cars up next to a local’s house and set off on what
seemed like a trail that had not been disturbed by man for quite some time. The path was very
slippery, as once again the team endured heavy rainfall. After an hour or so the team reached the
waterfall, and enjoyed a very cold dip in the pool. Afterwards they headed back to the cars, where
the locals showed such kindness, by giving the team a home grown pumpkin to take home for a
much deserved diner.
Amongst the many hikes the team partook in, we also went on adventures such as swimming up the
Marieanne River, located in the N.W. of the island. Visited Bays such as Blanchisseuse, Las Cuevas,
which are both northerly beaches, and Columbus (south of the island), and witnessed hundreds of
bats leaving their cave in Tamana (Figure 1 above). As previously mentioned an expedition allows
students to experience local culture. The 2011 team managed to do so by visiting Trinidad’s capital,
Port-of-Spain and joining in Emancipation Day celebrations. Here we saw locals dress up in
traditional Afro-Caribbean clothing, whilst dancing to steel drum bands. We also visited Toco, N.E. of
the island, where every year locals hold a Fisherman’s Fete. Traditionally this celebration is to give
thanks to the season’s fish catch. The team were welcomed, and enjoyed meeting the locals. Overall
these excursions carried out by the students were a huge part of the expedition experience, and
allowed us to see the true Trinidad, that one would not generally experience if they were simply to
visit the island as a holiday destination, thus receiving the guidance and hospitality from locals
proved to be a hugely important factor, and we will be eternally grateful for all the warmth we were
shown, and new friendships we made.

3. Amphibian reproductive ecology and general biology:
Roger Downie
3.1 Introduction
Our Prospectus for the 2011 expedition included seven projects on amphibians (Table 1). As we have
found on previous expeditions, some planned work is feasible, some is not (usually because of the
vagaries of the weather) and new projects occur to us once we get to Trinidad.

Table 1: Planned and completed projects on amphibians

1.

Project
Comment
a)
Planned
Competitive interactions between tadpoles of Completed: see section….
Leptodactylus fuscus and Physalaemus
9

2.
3.

4.

pustulosus
Behaviour and escape responses of Pseudis
paradoxa tadpoles
Tadpole deposition behaviour in
Mannophryne trinitatis

5.
6.

Behaviour of newly metamorphosed
treefrogs
Pipa pipa
Tadpole guide

7.

Conservation: Habitat creation

8.
9.

b)
Unplanned
Stress in cane toads
External gill behaviour (plus foam nest data
collection).

10.

Phyllomedusa nests and hatching

Poor year for finding these tadpoles:
preliminary observations on two only.
The planned experiment did not work well,
but we developed a new observational
experiment on these frogs, and also looked at
tadpole re-attachment: see sections…
Completed: see section…
None found
Little progress since few new species found.
But did find Rana palmipes tadpoles,
previously undescribed from Trinidad.
Not completed. However, discussions held on
a future major project on Trinidad (and
Tobago) threatened frog species.

Completed: see section
Completed: extra species sampled to
supplement observations already collected
for manuscript in progress: see section 1.13
Completed: extra work for manuscript in
progress: see section 1.2

When we arrived in Trinidad on the evening of 11th June, we heard Eleutherodactylus johnstonei
calling in the grounds of Piarco Airport. This non-native invasive frog has been spreading from its
initial site in Port-of-Spain eastwards over the last few years. Manickchan et al (2011) recorded it as
far east as D’Abadie and La Horquetta along the heavily urbanised west-east corridor, but not as far
south as Piarco. The country looked relatively dry and our first field trip on 12 June confirmed that
there had been relatively little rain yet: tadpole stages in roadside ditches were still rather young – a
contrast to 2010 when we found many places with well-developed rainy season species on our
arrival. Rainfall over the next few weeks was quite substantial in the north, allowing us to obtain
many species we needed, but it was much less in the south: on our excursions to the south,
normally-full ditches were dry or merely damp.

3.2 Phyllomedusa nests and hatching
Phyllomedusa trinitatis, like all members of the genus,
deposits its eggs above water attached to a leaf, or leaves,
with the leaves folded over to enclose the eggs. At top and
bottom of each mass are jelly plugs, and scattered amongst
the eggs are jelly capsules. On previous expeditions to
Trinidad, we have made observations on the quality of these
nests, their precise locations and the stage of development
at hatching. However, we lacked information on what was
10

Figure 1: Nest set up in lab (Photo: Gillian
Simpson, 2011).

going on inside each egg clutch. During 2011, we collected 15 egg clutches and returned them to our
laboratory where we removed them from their leaves, wrapped them in cling –film, and then
suspended them above a tub of water (Figure 1). This allowed us to observe the hatching and
emergence process, both by filming and direct observation. Our conclusion is that a small number of
embryos hatch, liberating fluid which stimulates the hatching of others in a chain reaction. Once
enough fluid is released, the bottom jelly plug begins to break down and hatchlings emerge and drop
into the water below, either singly or in batches. The precise pattern of emergence and the stage
they are at (whether external gills are still present, or regressed) depends on the architecture of the
individual nest’s pattern of leaves relative to the jelly plugs.
We also marked over 10 nests in the field, leaving them in place with a basin of water below to catch
hatchlings – in order to assess the level of predation of egg clutches (a major factor for egg clutches
of Agalychnis species, phyllomedusines where eggs are openly attached to leaves). We found no
evidence of egg clutch predation.
We also wondered whether egg clutches are able to absorb water, or whether the jelly plugs and
capsules provide enough water for the incubation process. We dripped water gradually on to top
jelly plugs of intact nests: there was no evidence that egg clutches could absorb water in this way.
These and our previous results are being prepared for publication.

3.3 External gills (and foam nest data)
For some time, we have been gathering data on the diversity and functions of anuran embryonic and
larval external gills. One paper we published on this (Nokhbatolfoghahai et al, 2008) showed that in
some species, external gills contain skeletal muscle fibres and are capable of active independent
motility. We are now gathering comparable data on other species. In 2011, we were able to collect
spawn, and follow it through to external gill stages of several species: Scinax ruber, Leptodactylus
bolivianus, Hypsiboas crepitans, Dendropsophus microcephalus. Hatchlings were observed to look for
external gill movements, including touching and manipulating the gills to test if they responded
actively. The results are being added to our previous observations and submitted for publication.
As part of the search for extra species, we were fortunate to find a foam nest of Leptodactylus
bolivianus. This is only found in the Cedros/Icacos area of southern Trinidad, and nests are only
made following very wet days, so it is a matter of luck to be there are the right times. The nests are
usually floating on shallow water, often covered in vegetation. The one found was approximately
oval in shape, 17-21 cm, 3.5 cm high and 150g weight. On hatching, 4473 larvae emerged: a small
number of eggs, close to the foam surface, dried and did not hatch. This species is by some way
Trinidad’s largest leptodactylid, with the largest egg clutches.
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4. Investigation into the Behaviour of the Trinidadian
Stream Frog Mannophryne trinitatis: Mary Sumner
Abstract
The presence of behavioural syndromes in adult anurans is a little-studied subject, but is a point of
interest especially in the face of the global decline of the Amphibia. Previous studies have shown a
difference in the escape behaviour of the aromobatid Mannophryne trinitatis depending on location,
sex, whether a male was carrying tadpoles, and the availability of shelter. This study hypothesises
that the behaviour shown is also prone to individual differences along a shy-bold continuum, as is
seen in many clades of vertebrates and invertebrates. To this end, M. trinitatis were observed in a
standardised environment in the lab, constructed to appear natural. Their appearances in the open,
hidden in shelters, and half hidden or poking their heads out were recorded and used to calculate a
boldness index. Their behaviour cross-contextually was tested using a simulated threat, and the
frogs were also investigated to see whether the males stopping their loud calls nearby alerted others
to a threat, as was suspected by behaviour in the field. The boldness index identified a consistent
continuum of behaviour from shy to bold, with behaviour modified by the sex and location of the
frog. The frogs were found to not use their nearby calling males ceasing calling as a warning sign of
predators. They acted unpredictably when faced with a threat, and so cross-contextual behavioural
traits could not be confirmed in this study.

4.1

Introduction

Temperament in Animals
Behavioural syndromes are trends in the behaviour of non-human animals, exhibited by either
individuals or groups, which can establish their ‘personality’, or ‘temperament’ (Bell, 2007). Patterns
of behaviour types have been found in animals such as mammals and fish, as well as invertebrates
such as spiders. These include the shy/bold continuum (Wilson et al.; 1994, Fraser et al., 2001; Réale
et al., 2000), which is itself interesting as shyness-boldness is considered a ‘fundamental axis’ of
variation in human behaviour (Wilson et al, 1994). The shy/bold continuum of reactions is not
discrete with regards to categories such as sex, age and body size, although these can affect the
average position of the individual on the continuum (Wilson et al., 1994). Proactive individuals can
be grouped as being aggressive, routine-forming and lacking behavioural flexibility, while reactive
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individuals are non-aggressive with more flexible behaviour that does not lend itself to routine
forming (Winberg, 2010).
A fear/aggression continuum was initially described in the funnel web spider Agelenopsis aperta and
fitness and territory size, but the discovery that fear and aggression were governed by sites on
different chromosomes (fear is autosomal while aggression is on a sex chromosome) has challenged
this and may lead to redefining as two related axes (Riechert & Hedrick, 1993; Maupin et al., 2001).
Behavioural traits have also been described in terms of metabolic rate (Houston, 2010), and
neuronal signalling pathways, such as the serotogenic output of the pre-frontal cortex and dopamine
receptors (reviewed in Coppens et. al, 2010). While there is evidence of a genetically heritable
component of temperament, it must also be considered that there are extragenetic components as
well, such as cultural effects and parental teaching and care (Stamps, 2003).
Studies which consider the variation in boldness between observations in captivity and in the wild
found that the behaviour syndromes exhibited in the field are also shown in the lab (Svendsen &
Armitage, 1973; Pellegrini et al., 2010; Fraser et al, 2001). It is possible that the behaviour exhibited
in the laboratory is more constrained than in the wild; with less freedom they show a smaller range
of behaviours (Stamps, 2010). This would lead to fewer behavioural syndromes being observed than
are present in nature, and corresponding Type II errors (false negative conclusions). Boldness in wild
populations and those reared in captivity has been studied in A. aperta, where syndromes displayed
are consistent with the genetic makeup of the parents, rather than behaviour being influenced by
their rearing (Riechert & Hedrick, 1992; Maupin & Riechert, 2001). It is currently unknown how many
taxonomic groups correspond to this finding. It has been suggested that behaviour should be
separated into quantitative and qualitative responses for better characterisation (Coppens et al.,
2010).
Mannophryne trinitatis (Garman 1888)
Also called the Trinidadian stream frog, or yellow-throated frog, Mannophryne trinitatis is a small
anuran of the aromobatid family endemic to the Northern and Central mountain ranges of Trinidad.
It is listed by IUCN as Vulnerable, despite being locally abundant, due to its limited range and the
decline of its habitat. Aromobatids are a group only recently distinguished from the Dendrobatidae
(Grant et al, 2006), and rely on cryptic colouration for defence rather than toxicity like the
dendrobatids. They are found in Southern and Central America and consist of three sub-families,
with Mannophryne one of the two genera in the sub-family Aromobatinae.
There have been many behavioural studies conducted on M. trinitatis over the years, looking at
many different aspects such as the characteristic tadpole deposition behaviour displayed by the
males (Jowers & Downie, 2005). A study by Wells (1980) described the territorial behaviour
exhibited by the females, who would defend a territory of a square metre for at least a month,
chasing away intruders by displays of their yellow throats or wrestling matches. The study found that
carrying males would quickly run away from territorial females, as would the non-carrying males.
The most aggressive interactions for the males were between black, calling males. These would
readily wrestle with each other once they came into contact, with one or both of the combatants
losing his colouration after the match.
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M. trinitatis behaviour has been seen to differ according to sample population and gender, in the
case of escape behaviour, and there was also a difference found depending on whether a male was
currently transporting tadpoles (Rossi, 2010) There have been few published studies on behavioural
syndromes in amphibians that I could find, and they tend to deal with the behaviour of the larvae
(Storfer & Sih, 1998; Richardson, 2001; Koprivnikar et. al, 2011). However it is assumed that shy-bold
continua are common in natural population across many taxonomic groups (Wilson et al., 1994) and
that many behavioural syndromes are established as a juvenile and then remain unchanged
throughout life (Huntingford et al., 1990). Several behaviour and morphology changes were found to
remain consistent over metamorphosis in the common frog, Rana temporaria (Stamper et al, 2008).
There has been no study on differences in behaviour between individual M. trinitatis to my
knowledge. Adult M. trinitatis live a rather sedentary lifestyle making motion-dependant
investigation difficult, and M.trinitatis further complicates this by having a tendency to hide under
leaves and in crevices when threatened.
My investigation intended to assess whether behavioural variety can be identified in this species, as
a shy-bold continuum or as distinct syndromes. Behaviour was then tested with a stimulus, either in
the case of a threat or playing audio of the calling males to investigate behaviour across contexts.
This is a special source of interest due to the lack of literature on temperaments of adult anurans,
despite their presence being described in anuran larvae.
Aims
On the basis of preliminary observations, I decided to examine whether several factors were
associated with behavioural differences:
•
•

•
•

Geographical location of frogs
Size/condition factor of frogs

Gender
Time of day

I also investigated whether these behavioural differences affected:
•
•

4.2

Reaction to calls, and to calls stopping
Reaction to a threat.

Materials and Methods

Male and female Mannophryne trinitatis were collected from three different sites spread along the
Northern mountain range of Trinidad: the Las Cuevas, Lopinot and Maracas Falls streams. The
collection lasted for three weeks from the end of July. Transporting males were initially collected but
then discounted due to their tendency to drop their tadpoles and the unknown effect of the
tadpoles on their normal behaviour.
Teams of four researchers set out to collect a minimum of six frogs on each trip, and normally
collected eight. These were caught using small mesh handnets of varying sizes or by trapping by
hand. Frogs were placed in polythene bags with water and litter which were then inflated and tied.
The bags were then put in a cooler in the back seat of the car, with a layer of card or newspaper
separating them from a bag of ice. This kept the frogs from overheating on the journey back to the
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lab. While at the collection sites there were readings of the ambient temperature and atmospheric
humidity taken.
The frogs were emptied into a glass holding tank measuring 60cm by 29.8cm, height 31cm (inside
measurement) lined with tissue paper and dampened with dechlorinated water. The tap water in
Trinidad is highly chlorinated for hygiene reasons and so dechlorinated water was provided by
bubbling oxygen through barrels of tap water for at least two days using aquarium air pumps and air
stones, or by collecting rainwater in buckets. Mosquito netting was cut to cover the tank and ducttaped in place.
Lots numbered from one to eight (or six, depending on the number of frogs) were written out on
paper, folded and put in a small round tub, and then pulled out at random. These corresponded to
eight small, aerated rectangular plastic tubs for each site, measuring 20.2cm by 14cm, height 9.2cm,
with a little leaf litter collected from the Lopinot forests and dampened with water. This lottery
determined which order the frogs would be put into the boxes, thus eradicating any bias from the
ease of capture in the tank. Before they were put into the tubs the frogs were caught, one by one,
and put into a moistened 9cm Petri dish. This allowed them to be sexed by throat colour and
measured with Moore & Wright CDP150M callipers, to an accuracy of 0.1cm. The frogs were left
until they flattened themselves and then measured from the tip of their snout to their anus (snoutvent length). The weight of the frog and the Petri dish was recorded using a Kern KB200-3N balance
to an accuracy of 0.001g; the frog was transferred to its tub and the weight of the Petri dish alone
taken. The difference gave the weight of the frog.
Three glass experimental tanks of 29cm by 90cm, height 31cm (inside measurement) were set up
with a double layer of 2-ply tissue paper along the bottom. A layer of leaf litter, collected from the
Lopinot forest, was put at the bottom of the tank to a depth of about an inch. Another small plastic
tub was put in the left third of the tank, filled to approximately a centimetre below the lip of the tub
with dechlorinated water. Rocks of many sizes and shapes were collected locally and scattered
around the tanks, and arranged to make three shelters around the perimeter of the tank with the
opening visible from the front of the tank. Litter was disturbed in the centre to make a further
shelter. All three large tanks were supplied with rotting fruit pieces to encourage fruit flies as food,
and all tanks were covered with mosquito nets. After a time, a fourth large tank became available
and was set up in the same way. This allowed eight frogs to be watched per day, as opposed to the
six a day which were watched initially.
The water in the tubs and the leaf litter were changed regularly when conditions would allow for it.
There was a period when the water was not changed for longer than ideal due to a lack of water in
the lab, when all the water had to be used for other experiments and no rain fell, so it was two days
before dechlorinated water became available. At the end of the experiment the leaf litter in the
tanks was destroyed to avoid the spread of contamination and the litter unused in the investigation
was returned to Lopinot.
Experiment 1: Basic Observation
On the first day, the frogs numbered one to three (one to four later, when there was a total of eight)
were put into the centre of the similarly numbered tanks and left for five minutes to settle, at about
7am. Frogs were then watched for a total of an hour from a position approximately a metre from the
front of the tanks, and every five minutes it was recorded whether the frog was in the open, half
hidden or completely obscured. The position was confirmed as much as possible from this distance,
otherwise the observer moved around the tanks slowly so as to not disturb the frogs. During this
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time the lights in the laboratory were kept on, and were turned off at the end of the watching
period. This was to ensure a similar level of visibility throughout the day. The tanks were kept moist
through spraying with water at the beginning of the watch and half an hour in. At the end of the
hour each frog was returned to its numbered tub and the second group put into the corresponding
tanks (5=1, 6=2, 7=3, 8=4) and then watched for an hour, similar to before.
The procedure was repeated from 1pm, with the frogs being moved one tank down from where they
were watched before (so Tub 1 goes in Tank 2 etc., Tub 4 goes in Tank 1), and then repeated again
from 7pm (Tub 1 goes in Tank 3 etc). At the end of the day the frogs were returned to the numbered
tubs, which were shaded and the lights in that half of the lab were turned off.
The condition factor of the frogs was calculated as (Weight (g)/Length (mm)3) x106. The condition
factor multiplication by 106 was applied to give more manageable values. Single measures of
boldness for each hour were obtained using a ranking system, by which an observation for open=2,
half-hidden=1 and hidden=0. The observations were summed, giving a maximum rank for an hour
(12 observations) as 24, minimum 0, and the maximum rank for the entire day (36 observations) was
72, minimum=0. Results were analysed using the statistical software Minitab v.16.
Experiment 2: Response to Calls
On the second day, the experiment took place between the approximate times of 10 and 11am.
Using a pair of USB iHome ihm79re rechargeable mini speakers connected to a laptop, a randomly
shuffled playlist of audio clips of calling M. trinitatis from Maracas Falls were played at the tanks.
Clips were recorded using a Zoom H-2 handheld digital voice recorder, and were taken by holding
the recorder as close as possible to a calling male without alerting him, with the second group of
recordings taken a greater distance away from the frogs, holding the recorder up to get a better field
of sound, so the calling was a lot quieter and more subtle. The speakers were placed about a half
metre from the tanks, between tanks 1 and two, and between tanks 3 and 4. The clips were played
with a 3s fade over to make the effect of changing track less jarring for the frogs. The odd numbered
frogs were then placed in tanks as dissimilar to their last tank as possible (Tubs 1 and 3=Tanks 4 and
2 respectively; Tubs 5 and 7=Tanks 1 and 3 respectively), and left to settle again for five minutes.
They were watched in the same manner as the day before for fifteen minutes. After this time the
recording playlist was changed to the ambient noise at the streams. This acted as a control for the
experiment, as stopping playback altogether, or switching to tracks with no frogs at all, could be
disconcerting and not well represent the experience of a neighbour being disturbed. Immediately
after switching recordings an observation was taken, and the frogs were watched for a further half
hour. After this the frogs were transferred into a communal tub for release later that day, or the
holding tank if they were to be released the next day or later. Each watch lasted 45 minutes
altogether and was not repeated with the even numbered frogs.
Experiment 3: Response to Intimidation
Later on in the second day, from approximately half past 11 to half past 12, the evenly numbered
frogs were transferred into the tanks, again as different as possible, as before (Tubs 2 and 4= Tanks 1
and 3 respectively; Tubs 6 and 8= Tanks 2 and 4 respectively). They were left to settle for five
minutes and then watched for fifteen minutes, taking three observations. After this they were
intimidated with a wooden staff, an inch in diameter, by hovering it near the animal. If the frog was
half hidden or in the shade the staff was poked into the shelter once, so frogs could either escape or
hide deeper. Immediately after the intrusion an observation was recorded. Watching continued for
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another half hour, with any changes in behaviour noted. The frogs were removed from the tanks to
be released as detailed above.

4.3

Results

Presented here is a summary of the results, full details will be made available on request.
Experiment 1: Basic observations
A histogram of the boldness index can be seen in Figure 1, showing frogs at all ranks but with a
relatively high number of bold frogs.

25

Frequency

20

15

10

5

0
0

10

20

30
40
Boldness Index

50

60

70

Figure 1: Histogram showing the numbers of frogs from the whole
sample and their boldness scores from 0= always hidden to a
maximum of 72= always in the open.

To see whether the time of day the observation was taken at had an effect on the score, the results
were subjected to a Repeated Measures test, with the results divided into the three times of day the
frogs were studied (Morning, Afternoon, Evening); there were no significant differences between the
scores for times of day (P=0.517, F=0.66).
The results were then tested to see if the frogs were affected by the move into the tank or became
accustomed to the testing by looking at the data as six half-hour periods over the course of the day.
The results showed phase having a significant effect (P=0.01, F=4.14), however the individual phases
turned out to be irregular, with many individual values being insignificant. There is a lower score
noted in the second half of each recording. However due to the small effect given by each of the
scores, the overlap of results, the variability of the P-values and the need to give five degrees of
freedom, this effect is noted but excluded from further analyses.
A General Linear Model was then conducted using the variables of Sex, Location and Fulton
condition factor, with null hypotheses that they had no effect on the boldness rating of the frogs.
Table 1: GLM results
Factor
Coefficient
T value
(Constant)
31.73
1.84
Fulton condition factor
0.1302
0.97
Las Cuevas
7.164
2.49
Location
Lopinot
-12.141
-4.13
Maracas Falls
4.977
1.72
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P value
0.069
0.335
0.014
0.000
0.089

Female
Male

Sex

6.209
-6.209

2.99
2.99

0.004
0.004

Residuals were normally distributed. On the basis of the results seen in Table 1, it is possible to
dismiss the Condition Factor of the frogs as a significant factor in their boldness. Location and Sex
had a significant effect on the boldness of the frogs, though this was less apparent in the Maracas
Falls frogs, with a non-significant effect.
Sex and Location are deemed significant factors according to these analyses. Female frogs were
significantly bolder than the male frogs, and the Lopinot frogs were more likely to be shy than those
from Las Cuevas or Maracas Falls streams. These factors account for 24.30% of the variation seen in
the frogs. Figures 2 to 4 are histograms grouped by Location, and they show the more uniform
distribution that is seen in the Lopinot frogs. In the Maracas Falls and Las Cuevas frogs, the
histograms are skewed towards bold distribution, most markedly in the Maracas Falls diagram
where the majority of the frogs had very bold scores. It should be remembered that the histograms
use a scale of Frequency rather than percentage of the data set, so the scales differ between them,
and indexes have been arranged into groups of 10.
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Figure 2: Histogram showing the numbers of frogs from the
Lopinot stream sample and their boldness scores from 0=
always hidden to a maximum of 72= always in the open.
Figure 12: Histogram of Maracas Final Rank
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Figure 3: Histogram showing the numbers of frogs from the
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Maracas Falls stream and their boldness scores from 0= always
hidden to a maximum of 72= always in the open.
Figure 13: Histogram of Las Cuevas Final Rank
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Figure 4: Histogram showing the numbers of frogs from the
Las Cuevas streams and their boldness scores from 0= always
hidden to a maximum of 72= always in the open.

Experiment 2
To confirm that the ‘baseline’ behaviour was consistent across the first and second days of
observation, the boldness index was again ranked, with identical values splitting the rankings (eg. 1,
2, 3.5, 3.5, 5). A Spearman’s rank correlation (a qualitative rather than quantitative test) was then
performed on the final rank for the first day and using the first fifteen minutes of the second
experiment, before the calls played back changed to the background control sounds. This showed a
significant positive correlation between the two readings (rs= 0.629, p<0.001). p-values were found
using tables of critical values. This means the frog behaviour was consistent enough between the
days to allow the subsequent Spearman rank correlations to use the longer-scale rankings from the
first experiment for better comparison.
Spearman correlations were again conducted on the results. When comparing the behaviour from
immediately after the ambience changed, I found there was a significant positive correlation
(rs=0.535, p<0.001), similarly with the behaviour in the remainder of the time after the calls changed
(rs=0.649, p<0.001). The behaviour immediately and longer after was also very positively correlated
(rs=0.817, p<0.001). Therefore we can conclude that behaviour was not altered in response to the
calls of nearby males stopping.
Experiment 3
Once again, to confirm the behaviour was consistent with the previous day’s Spearman rank
correlations were used. This also gave significant positive correlation (rs=0.554, p<0.001), so final
rank was used subsequently to give a wider, more reliable spectrum of ranks. For the immediate
reaction of the frogs, results were not correlated (rs=0.141, p>0.1).The behaviour for the rest of the
experiment was significantly positively correlated (rs=0.615, p<0.001), as was the behaviour
immediately after and for the remainder (rs=0.433, p<0.01). We can therefore conclude that the
behaviour immediately after the stimulus is unpredictable and not based on their boldness in the
previous contexts, and they revert to “normal” behaviour quickly afterwards.
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4.4

Discussion

The existence of individual, consistent difference in behaviour is a subject that is growing in
popularity, and yet has received relatively little attention in the field of Amphibia. My investigation
has shown these traits as present in the Dendrobatid anuran Mannophryne trinitatis from the
Northern mountain range of Trinidad, although the relationship across contexts is unclear.
Although there are factors which have an effect on the behaviour of the frogs in sex and location
there are also individual differences which are evident from the consistent boldness indexes across
the time of day, and from day to day. These show the presence of behavioural syndromes with frogs
forming a continuum from bold to shy, with more frogs giving a high boldness index.
Location
The data proves there is a relationship between the frog’s location and its position on the
continuum, with Lopinot frogs having a rather uniform distribution, where the other two locations
had a higher proportion of bold individuals. This is consistent with the findings of Rossi (2010),
where she found a similar difference between the escape responses of frogs depending on home
location. An interesting way to follow up these findings would be to see whether her escape
response method could predict the behavioural trait shown in the current study or vice versa, and
would also support the presence of a behavioural syndrome consistent over several contexts.
Gender
There is a definite tendency for the females to have a bolder ranking than males. This is to be
expected, as the female M. trinitatis are the territorial sex, and when in their own territory they will
readily attack any intruders (Wells, 1980). The males have a more even distribution of trait ranks,
but there are a good number at the higher end of the scale. This makes sense in the context of their
behaviour as well, as the male frogs do not hold territories and are often submissive to females, and
yet engage each other in wrestling bouts when courting (Wells, 1980).
Condition Factor
It is rather surprising that the condition factor does not affect the behaviour of the frog (or vice
versa, c.f. Huntingford 1990). This may be due to the frogs spending so much time near crevices or
cover that evasion is the preferred survival skill rather than intimidation or direct confrontation,
especially considering the large size of their predators.
Calling as a Warning Sign
With high correlation between all values, there is no real reaction to the change. This may mean that
the frogs do not pay attention to others since they often call for bursts, which would give many false
starts to neighbours. The introduction of the stimulus caused more of a perturbation, naturally, but
there is still not enough evidence of a real relationship between the animals’ boldness rank and their
reaction to the threat. The effect of this intrusion may be better analysed using a longer study
period. The length of the observation here was necessitated by scheduling constraints imposed by
the 6 hours of observation required for the first stage of the investigation and time needed to
measure and sex newly collected frogs.
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Conclusion
Overall, there are some very encouraging results from this investigation. There has been a proven
continuum of behavioural traits from bold to shy, with the sex and location of the individual also
having an effect on the behaviour of the animal. This is in accordance with the previous research on
this species and their unusual ecology (Wells, 1980; Jowers et al, 2005; Rossi, 2010). The frogs do not
use the males around them stopping calling as a warning of threats approaching, probably due to
the variable calling times. M. trinitatis respond similarly to an intimidating stimulus regardless of
how bold or shy they are in a normal laboratory environment. There are many directions for the
research to take in the future, with a rapidly growing research base while amphibian behaviour is
still largely not understood in this context.
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5. Behaviour, growth rate, and escape responses of Pseudis
paradoxa tadpoles: Emma Sergeant

Abstract
Studies on the elusive Pseudis paradoxa have been few and far between to say the least, however
have mainly concentrated on aspects of general ecology and breeding behaviour within the species
and, on a wider scale, the family Pseudidae as a whole. This study aimed to investigate the escape
response and swimming behaviour of this species’ tadpoles at various different developmental
stages and to simultaneously monitor their rates of growth and development. A direct issue faced
by us during the early stages of the investigation was that the tadpoles in question were not greatly
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abundant in our target location. As such, only 2 specimens were collected for analysis. This
inhibited any research into the comparative swimming behaviour of different life stage Pseudis and
further limited us with regards to collecting a viable amount of data for statistical analysis. We did
however conduct and record daily behavioural observations and growth measurements with the 2
tadpoles we did collect. Our results allowed us to map tadpole growth in terms of length and weight
over an approximate 2 week period, however too few data points were gathered for any statistical
comments on any potential abnormal rate of growth to be deduced. The behavioural observations
revealed a change in behaviour in tadpole 1, following the arrival of tadpole 2, where on average it
appears less time was spent stationary after this change. Ultimately, this study has brought forth
and described some interesting techniques and methods which, if applied with a significantly
increased sample size, have the potential to produce quite exciting results.

5.1

Introduction

The paradoxical frog Pseudis paradoxa (Linnaeus, 1758), from the family Pseudidae, has long been of
interest to biologists due to its unusual yet fascinating life history. Such a species if found
widespread across South America occurring in Brazil, Argentina, Bolivia, the Guianas, Paraguay and
in Trinidad, the focus of our study. Anuran amphibians characteristically undergo major
developmental transformations during metamorphosis, traditionally making the transition from a
much smaller, fully aquatic tadpole stage, to adults capable of a fully terrestrial life. Pseudis
paradoxa tadpoles however, grow to the largest size ever recorded of any other tadpoles species (as
big as 150g in weight and 25cm in length) (Burggren, 1992), with adults that do not appear to
undergo any further growth following metamorphosis (Expedition prospectus, 2011). Smaller,
earlier stage tadpoles have a vertical striping pattern to their body, thought to aid in predator
avoidance due to the cryptic effect of this appearance when viewed from the vegetation lining the
pond margin of their habitat. As they grow, the tadpoles lose this striping as a reflection of reduced
pressure from their earlier predators. Larger tadpoles subsequently become prey to much larger
predators, including caimen and heron (Downie, 2009). It is these escape responses, associated with
larger predators, that we are interested in investigating. With crypsis no longer a viable avoidance
strategy, we aim to explore the escape responses of later stage Pseudis tadpoles, to determine
whether a more rapid response is employed. We intend to review the swimming behaviour of
different stage Pseudis tadpoles and also monitor their growth and development rates. The high
nutrient environment provided within their swamp /pond environment would perhaps support
accerlated growth and development, given that tadpole growth rate is influenced by food
availability, temperature, species diversity and density (Downie, 2009). Previous studies (Emerson,
1988; Downie & Weir 1997 and Downie et al., 2005) have all provided evidence to suggest that such
tadpoles do not experience accelerated growth rates; rather the growth period itself lasts for a
longer period in comparison to other tropical tadpole species. We intend to continue such studies
by mapping the growth rates of tadpoles in an investigation into Pseudis paradoxa’s unusual
development and life history strategy.

5.2

Materials and Methods

One primary sample site in Eastern Trinidad was focussed on for our research: Nariva swamp,
Trinidad and Tobago’s largest freshwater wetland covering over 60 square kilometres. The first of
two collection trips took place in mid July, led by a local fisherman who had knowledge of certain
ponds, where Pseudis paradoxa had recently been sighted. A large cast net and robust hand nets on
long wooden handle extensions were used to collect tadpoles. The first Pseudis tadpole was caught
from the first trip. The tadpole was transported to the laboratory in the University of West Indies,
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transferred and kept in a large glass aquarium tank, filled with de-chlorinated water, with a mesh
netting covering the tank. Some of the pond water from the tadpole collection site was added to the
holding tank. The tank was continually aerated using aquarium pumps.
Initially, behavioural observations and escape responses for the tadpole were conducted in the
original holding tank. However, upon review it was decided to relocate experimentation to a longer
tank – 2.2 metres in length, after it emerged that the tadpoles were swimming very fast and thus
quickly becoming limited in terms of distance available to travel with each escape response. The
same environment was created as was in the original tank.
A second Pseudis tadpole was collected on 20/7/11 from the Nariva swamp area and was released
into the tank with the original specimen upon arrival at the lab.
On initial arrival at the lab and every second day thereafter, each tadpole was weighed (g) and its
length measured using calibrated callipers, both in terms of snout to vent and snout to tail tip (mm)
in an attempt to monitor growth and developmental rates. A photograph of each tadpole was taken
every time these measurements were taken to build a library documenting any physical and
morphological changes day to day. The tadpoles were fed once per day, in the morning, after the
first behavioural observation (see experiment 1). Approximately 4-5g of food per tadpole was
weighed out and then dropped into the tank, mainly consisting of a mixture of shredded cucumber
and lettuce.
Experiment 1: Behavioural Observations
Four behavioural “snap shots” of a duration of 5 minutes were taken every day: the first before
feeding in the morning (usually between 9.30am and 10.30am); the second 5 minutes after feeding
(food was given at the end of the first observation); the third in the afternoon any time between
approximately 3pm and 5pm and the last in the evening usually sometime after 7pm. During each 5
minute snap shot a descriptive account of the tadpoles’ behaviour and position within the tank was
noted. Any activities such as feeding, oxygen consumption, any periods of rapid movement, or
apparent foraging on the floor of the tank were recorded. Each time either tadpole’s behaviour
changed, the details were noted. The behaviour of both tadpoles was recorded within each 5
minute session and any interaction was noted.
Experiment 2: Escape Responses
The escape response of each tadpole tested individually; one tadpole was removed whilst the
escape response of the other was recorded. (The individual that had been removed was weighed,
measured and photographed at this point). A video camera was set up on a tripod to record the
entire length of the front face of the tank, controlled by one of the expedition team. Another
expedition member stood on the work bench – suspending a second video camera over the top of
the tank, again to capture the full length of the aquarium, providing another dimension to the film
evidence. Each camera was set to record simultaneously. The handle end of a small hand net was
used to create a stressor. The net handle was lowered vertically into the tank directly above the
front of the tadpole, at a reasonable speed, not necessarily making contact with the tadpole. The
net was immediately removed once a response was generated and the reaction of the tadpole was
filmed for 30 seconds from the initial disturbance.
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5.3

Results

Figure 1: Tadpole growth rate in terms of length (mm), measured from nose to vent.

Figure 1 shows a steady incline for both tadpoles in length over the 2 weeks’ test period.
Both trend line increase at an approximately equal gradient; both tadpoles are growing in
length at a similar rate.

Figure 2: Tadpole growth rate in terms of length, measured from nose to tail.

Figure 2 shows that both specimens have undergone considerable growth across their whole body,
during the two week study period. Tadpole 2 appears to grow at a more abrupt rate in comparison
to tadpole 1, as is represented by the steeper incline in the above figure.
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Figure 3: Tadpole growth rate in terms of weight.

Figure 3 shows that both tadpoles gain a considerable amount of weight, at a seemingly similar rate,
during the investigation period. Tadpole 1 was caught at an earlier date and a lighter weight than
tadpole 2 and grows to exceed the weight of tadpole 2. The extrapolation of tadpole 2’s growth
estimation suggests that it spawned at a later date than tadpole 1 and will also not grow to be as
heavy as tadpole 1.

Figure 4: Pie charts depicting the behavioural observations of tadpole 1, before feeding (before and after the
introduction of tadpole 2).
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Figure 4 suggests that the presence of a second tadpole has reduced the amount of time spent
stationary by tadpole 1 during observations. It can also be noticed that there is a slight increase in
the duration of time spent gulping air and an absence of any periods of constant or rapid swimming
in the presence of another individual.

Figure 5: Pie chart depicting the behavioural observations of tadpole 1, after feeding (before and after the
introduction of tadpole 2).

Figure 5 shows that, again, in the presence of a second tadpole, there is a reduction in the period of
time spent stationary on the bottom of the tank by the original subject. Other behaviour such as
slow swimming and air consumption are shown to increase in prevalence, whilst reduction in the
occurrences of rapid or prolonged period of swimming also diminish following tadpole 2’s
introduction.

Figure 6: Pie chart depicting the behavioural observations of tadpole 1 in the afternoon (before and after the
introduction of tadpole 2).
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Figure 6 shows that there is a huge increase in feeding behaviour during afternoon observations by
tadpole 1, after the introduction of a second tadpole. Furthermore the amount of time spent
stationary is shown to be reduced following this change. Any occurrences of swimming and time
spent facing the corner of the tank are absent following the new arrival.

Figure 7: Pie charts depicting behavioural observations of tadpole 2.

Figure 7 is an illustrative representation of the behavioural observations that were recorded for
tadpole 2. No real pattern has emerged for the behaviour of this individual over the course of the
day. It can be noticed that feeding/foraging takes place in every division and that a large proportion
of the day is spent stationary as opposed to swimming around the tank and perhaps interacting with
the other tadpole.
NB: Due to unforeseen circumstances, our analysis of later stage Pseudis tadpoles could not take
place. Our intention was to map the speed, distance and time spent reacting (swimming) following
each response to test whether the reaction changed at all with time (with the hypothesis that over
time, the tadpoles would become less stressed and reactive to the disturbance). The responses of
different stage tadpoles was also to be compared, had more individuals been caught.
It must be stated that figures 4 – 6 were drafted from descriptive paragraphs made from
observations. The pie charts were formed using a tally mark system to count the number of times
certain behaviours were observed – to provide an easy, visual representation of the behavioural
results.

5.4

Discussion

Evidently, the fact that only 2 Pseudis tadpoles were originally caught for the purpose of this
investigation posed as major setback. No viable statistical output could be obtained from our
observations that could be looked upon as reliable prediction of natural behaviour. Furthermore
many of our aims could not be met due to this inefficient sample size. As such, our intentions to
review the swimming behaviour of many different stage Pseudis tadpoles could not go ahead.
Kenny (1966, 1969, 1977), in reporting certain ecological aspects of Pseudis paradoxa in Trinidad,
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explained details of the life history of the species. The exact date of spawning in these tadpoles is
unknown however, by July, he found that the tadpoles measured 35-55mm long (Downie, 2009).
Our first tadpole was caught in mid-July and measured 55.9mm (nose to tail), which falls at the top
end relative to Kenney’s observation. Taking into account both Kenney’s and our own findings, it
would suggest some earlier collection trips, to allow for tadpoles of many different stages to be
collected for analysis in the future, would be advisable.
Although the results we have obtained have shown that the environment we created for our
tadpoles to inhabit for the duration of our experimentation were compatible with what is required
to achieve some amount of growth, we cannot ignore that the absence of factors such as predation,
food availability and abundance and the effects of density dependence would inevitably influence
our tadpoles’ growth rates. In 1998, Buskirk et al explained how predation may act to increase
growth rates as the number of prey competitors in the ecosystem is diminished; allowing for a more
relaxed competitive environment. Equally, the presence of predators may inhibit the rate of growth
of their respective prey as more resources may be put into finding and maintaining a refuge and less
into feeding activity, resulting in a slower growth rate (Buskirk, 1998). Being fed a controlled
amount of food per day may also have had an inhibitive effect on the growth of the Pseudis
tadpoles. Previous studies on tropical tadpoles, including one specific paper concerning the growth
rates of tadpoles of the genus Rana, have shown that tadpoles in competition with one another for
food will realise different growth rates, thus density dependency plays an important role in
manipulating growth. Body weights of the tadpoles were shown to increase as the amount of food
they were conditioned with also increased (Steinwascher, 1978). Such abiotic aspects should be
tested in future to eliminate any disparity in the results obtained. Of our tadpoles, it appears in
figures 1-3 that the arrival of a second Pseudis tadpole does not necessarily influence the growth
rate of our initial tadpole. I believe that too few data points were recorded in order to allow for an
accurate account on this assumption to be proposed and thus suggest that this procedure be
repeated with more tadpoles, perhaps at different stages, to allow for growth rates to be more
accurately monitored. Downie et al 2009 reports that Pseudis tadpole growth rate does not occur at
a particularly fast pace relative to other tropical tadpole species; rather their growth simply
continues for a much extended period of time, achieving their mammoth size. This result could not
strictly be supported by our own findings as we do not have sufficient recordings to map growth
further than the 2 weeks shown in figures 1-3. Again, a greater time scale with more tadpoles would
be required to support this.
Of the behavioural observations we recorded over the investigatory period, no outstanding pattern
in behaviour seems to have emerged. A large portion of each day is apparently spent stationary on
the bottom of the tank, by both tadpoles. There emerged to be minimal, on the verge of no
interaction between the two tadpoles at all during our observational sessions (hence the absence of
such a behaviour from our chart). It would be interesting to monitor how a more limited supply of
food or a smaller tank may influence the behaviour of Pseudis given increased competitive pressure
and more potential interactions between the tadpoles.
In carrying out each experimental procedure there were, perhaps inevitably, a number of flaws that
on hindsight I have realised may have interfered with our data collection. Upon weighing the
tadpoles, our efforts in removing as much water as possible from the body was variable as time
progressed, as new and more practical methods became apparent with practice. One constant
method should be applied for future investigations.
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Conclusion
In conclusion, it is clear that for any viable statistical output to be obtained, for the initial aims to be
achieved, a much greater sample size is imperative. Nonetheless, this study has provided a basis for
future research whereby similar procedures and experimentation can be implicated with more
tadpoles to produce valuable results. I have confidence in the methods described, particularly for
the proposed escape responses investigation, and would be keen for such research to go ahead in
the near future.
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6. Escape responses of the Trinidadian stream frog,
Mannophryne trinitatis: Chloe Rossi
6.1

Introduction

The Trinidadian stream frog, Mannophryne trinitatis
(Garman 1887) is a small aromobatid found in Northern and
Central range of Trinidad. This small anuran is known for its
complex reproductive strategy, typical to aromobatids, in
that it involves extensive parental care in which only the
male will contribute. The males will turn jet black and call
near or in the female’s territory. The male then leads the
female to an oviposition site, under leaf foliage or in a
crevice. The eggs are then fertilized and the male will guard Figure 1: Male Mannophryne trinitatis
them during the incubation time of about 3 weeks (Murphy with attached tadpole on back (Photo:
1997). Once hatched the tadpoles flip onto the male’s back John C. Murphy).
and are then carried to a predator free stream or pool of
water. The males have known to carry the tadpoles for up to 4 days searching for a predator free
body of water (Downie et al. 2005). Once deposited in water the tadpoles are left to feed and grow
until they metamorphose into froglets. This reproductive mode is common to the aromobatids, as
terrestrial fertilization requires a complex life history in these small anurans. One aspect of this
reproductive strategy that interests researchers is the anurans escape response. Mannophryne
trinitatis being an aromobatid has low toxicity and so relies on camouflage and fast escape
responses to avoid predation. Downie et al. (2001) found that Mannophryne trinitatis males can
carry up to 12 tadpoles on their backs, adding up to 30% of the male’s body mass during
transportation. Thus, it is thought that this extra weight must have implications for transporting
males escape responses to a predator. However, recent studies (Royan et al. 2010) have shown that
there are few differences between transporting and non-transporting males’ escape responses in
trajectory, speed and distance by which the frog jumps away from a predator. However, Royan et al.
observed only the initial jump made by the frogs. It is possible that differences in escape response
between transporting males and non-transporting males may occur over longer escape responses.
During the Glasgow University 2010 Trinidad Expedition the escape response of Mannophryne was
studied. This study hypothesized that the difference in escape responses between these three
groups is not in the initial jump, but in a series of jumps found throughout the escape response. The
results found that there were significant differences between each group of frogs, and their escape
responses in jump distance and trajectory. This study was continued during the 2011 expedition and
is currently being written up for publication.
The complexity of the interaction between the male and his tadpoles has interested researchers for
years. As it remains unknown as to how these tadpoles attach to the males back and who initiates
the attachment and drop off. During the Trinidad 2010 Expedition it was noted that the tadpoles
appeared to be able to reattach onto the males back. This finding encouraged observational work to
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be carried out during this expedition.

6.2

Materials and Methods
Escape Response

This study continued the 2010 Trinidad Expedition findings by collecting more data on the
transporting males, as there were significantly less data points for these frogs than the nontransporting males and females. To test this hypothesis, samples of Mannophryne trinitatis were
collected throughout an eight-week period in Northern and Central Trinidad concentrating
particularly in collecting transporting males. In laboratory conditions each frog’s escape responses
were filmed and analyzed to determine any differences between the three groups of frogs; males,
transporting males and females. This experiment was conducted in a large arena, which can be seen
in Figure 1. The floor of the arena was sprayed with de-chlorinated water to give the frogs a moist
jumping surface. The dark grey floor tiles measuring 24cm x 24cm provided a grid for the
experiment. The camcorder was positioned so that the centre point of the grid, marked with blue
tape, was in the middle of the film.

Figure 2: Arena Set up.

The frogs were placed in separate tubs and each frog was allocated a number, which was written on
each container. This allowed easy identification of the frogs. To decide whether the stimulus, a 30cm
stick, should come from the front or the rear of the frog an unbiased assistant was told to close their
eyes and pick from two pieces of folded paper which either had “Rear” or “Front” written on them.
One of the numbered tubs was then chosen at random to avoid bias towards any one frog. The
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assistant sat up on the benches of the NW corner of the arena, out of view from the frog. The frog
was then placed on the centre point of the arena and positioned facing to the north of the arena,
(the transporting males were handled with great care to prevent loss of any tadpoles). Each frog’s
number, jump number, and stimulus position were noted as well as the time and date. The frog was
left for 30 seconds to habituate. If the frog moved from the centre point during acclimatization it
was gently placed back into the centre point and left for a further 30 seconds. After 30 seconds a
participant pressed play on the remote control to start the camcorder. The stick was used to give a
sharp tap in front of or at the rear of the frog. The frog was then left to move for a further 30
seconds or until it jumped out of view from the camcorder. It was then returned to its allocated tub
and another frog was randomly chosen to repeat the experiment and again the unbiased assistant
chose from the two folded pieces of paper to decide whether the stimulus was to be from the front
or rear of the next frog. Once all the frogs experienced the “1st jump”, they were left for 1 hour
with a small amount of de-chlorinated water in each of their tubs. This was to allow the frogs to
recover from the initial experiment. After an hour the tubs were mixed up once again and a frog
was randomly chosen. Each frog was then “jumped” a 2nd time, only changing the position of the
stimulus to the opposite of the “1st jump” for that frog.
Reattachment Behaviour
Observational investigation was made to understand re-attachment behaviour found in these frogs.
To do so a camcorder was suspended above a tub containing the frog and the tadpoles separate
inside the tub and the frog’s behaviour was noted.
A transporting male was placed in a tub with its recently detached tadpoles. Damp cotton wool was
added for moisture and a very light spray of de-chlorinated water was added. Cling film was then
placed over the tub; ensuring air holes were in place. A camcorder was then suspended from the tub
using a stool and a gorilla grip to secure the camcorder. The camcorder was then set in a time lapse
of one frame a minute and left to record any unusual behaviour.

6.3

Results
Escape Response

The results concerning the escape response of Mannophryne trinitatis will be combined and
analyzed with the 2010 data to determine whether the tadpoles presence on the males back effects
their escape response. This will be determined by measuring jump trajectories, distance, speed,
velocity and multiple jumps between the three categories of frog in response to a stimulus. The data
is currently been analyzed and written up for publication.
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Reattachment Behaviour
Time
3 sec

14sec 14 ms

16 sec 06 ms

16sec 24ms

20sec 20ms
22sec 07ms
23sec 01ms

30sec 25ms

49sec 12ms
1min 23sec

6.4

Behaviour
The Male Approaches one Tadpole and covers it with his
body. The tadpole attaches to the ventral side of the male
and drops off after the male moves a few centimetres.
The frog covers another tadpole and turns in a small circle,
when he moves off the tadpole is attached to him. It remains
attached to him for 7 milliseconds and then drops off.
The male approaches another tadpole and shows similar
behaviour, covering the tadpole with his body and turns 360
degrees and moves off with the tadpole attached.
Male returns to another tadpole and shows reattachment
behaviour again, covers it with his body and turns in a circle
three times before moving off with the tadpoles presumed
on the male’s body.
One tadpole drops off the male.
The other tadpole drops off.
Approaches the tadpole that he dropped at 20secs 20ms and
shows reattachment behaviour, turns 4 times before moving
off with the tadpole attached.
The male is up against the far right side of the tub and a
tadpole drops off the male and lands a few centimetres from
the male.
The male approaches a tadpole and appears to eat it.
The reattachment behaviour can be seen however this time
the tadpole does not go with the male but remains on the
floor of the tub. After this the male continues to explore the
tub but shows no interaction with the two visible tadpoles.

Discussion

The reproductive behaviour of aromobatids shows great parental care and interaction between the
males and their tadpoles. However it is assumed that once the tadpoles have been dropped this
bond is lost and the tadpoles and then left to fend for themselves. However, what if the tadpoles fall
off during transport, when the frog is not ready for them to fall off? It has been assumed that means
that that tadpole is lost and will die. However this pilot study has shown quite the opposite
behaviour. It can be seen in our studies that once the tadpoles’ drop off the male, he then goes on
to study them and somehow they reattach to him if the conditions are not suitable for deposition.
Perhaps if the habitat is not suitable for the tadpoles the male will continue to care for them until he
finds a more suited habitat. It is clear that it is the male that approaches the tadpoles and not the
opposite, however the tadpoles may be the ones which decide to attach to the male and not that
the male makes them attach to him. However I hypothesize that this circular motion, which the male
performs on top of the tadpoles, indicates him initiating attachment.
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Due to the difficulty of collecting transporting males we were only able to record one adult-tadpole
reattachment behaviour. Therefore we have to recognize that this one recorded observation maybe
due to this one frog’s behaviour and in fact it may not be seen in other Mannophryne trinitatis.
Although this is the only recorded evidence of this behaviour, there has also been other nonrecorded support of tadpole reattachment in previous expeditions. This research has potential for
improvement and further investigation into Mannophyrne behaviour. To improve this set up the
tadpoles should be positioned in the centre of the tub at the start of the recording. The time lapse
could also be set for a longer period of time. The lighting and camera set up could be improved,
however in such a way that it does limited disturbance to the frog. Perhaps two cameras could be
placed, one for a bird’s eye view and one for underneath the tub to see what happens when the frog
sits on the tadpoles. The study could then be taken further in introducing different habitats to the
tub. For example a pool could be placed at one end of the tub and then observe if the tadpoles will
reattach and the male will transport the tadpoles to the pool. This behaviour is an interesting find
and the study has great potential to give us a further understanding of Mannphryne trinitatis
reproductive strategy.

7. Behaviour of newly metamorphosed treefrogs: Marie
Tiffoney
7.1

Introduction

This project is a continuation of the project carried out by Laura Allen, under the same title,
in summer 2010, also as part of the Trinidad expedition (Allen, 2011).
Approximately 42% of amphibian species are in decline and around one third in the three
highest IUCN categories (Vulnerable, Endangered and Critically Endangered) (IUCN, 2008).
7.4% of species are close to extinction (critically endangered) compared to 3.8% of mammals
and 1.8% of birds (IUCN, 2008). The reasons for these amphibian declines can be attributed
to the many threats the amphibians are confronted with, including; over-exploitation, habitat
reduction, pollution, disease, global warming and predation.
Excluding the larval stage, mortality is considered to be highest immediately following
metamorphosis of anurans (Biek et al., 2002). The term metamorph describes Gosner stage
42 (forelimb emergence) to stage 45 (complete tail resorption). Upon tail resorption, frogs
are termed juveniles until they reach adult size. These two stages (metamorphs and early
juveniles) will be the focus of this study.
Trinidadian anurans are known to have many predators, including; snakes, fringe lipped bats
and manicou crabs (Walsh and Downie, 2005). It is thought that metamorph forms are more
vulnerable to predation than their adult forms. An increased predation of metamorphs, as
opposed to other stages of their life cycle, was presented by Arnold and Wassersug (1978) in
their study detailing the examination of the stomach contents of garter snakes feeding on
anurans Bufo boreas and Hyla regilla. The results of their study demonstrated that the snakes
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primarily fed on metamorphic anurans, and additionally that the snakes were observed
altering their foraging areas to congregate in areas with more metamorphic anurans. The
study concluded that the snakes were preferentially feeding on anurans during metamorphosis
due to their poor locomotory ability.
A study by Wasserug and Sperry (1977) demonstrated that garter snakes under manipulated
experimental conditions differentially predate upon chorus frogs (Pseudacris triseriata)
which were at the metamorph stage of their life cycle rather than those in juvenile or tadpole
form. This study concluded that the increased vulnerability to predation was attributable to
the poor locomotory ability of metamorphs. Whilst in an aquatic environment, the possession
of forelimbs infringes the swimming capabilities of the metamorphs in comparison to the
tadpole stage. While in a terrestrial environment, the presence of a tail reduces the
metamorphs’ jumping ability in comparison to juvenile stages which have no tails.
Due to the increased vulnerability to predation during the metamorphic stages of
development, metamorphs may attempt to reduce their vulnerability by leaving their aquatic
environment and climbing higher onto leaves or stems for camouflage until metamorphosis is
completed (Downie et al., 2004). A study by Walsh and Downie (2005) on ground-living
anurans, P. pustulosus and L. fuscus, demonstrated that when shelters were made available
these juvenile frogs utilised them.
However, while climbing and using shelters may reduce an anuran’s visibility and hence risk
of predation, it may also increase their risk of desiccation. Whilst fully grown adult tree frogs
possess specialised cutaneous adaptions for desiccation resistance, the developmental stage at
which this comes into effect is not apparent (Downie et al, 2004). The comparative small
size of metamorphs and juveniles to their adult forms and the resultant increased surface area
to volume ratio means that smaller frogs are at a higher risk of dessication. Consequently
smaller frogs, including juvenile and metamorph forms, would require a significantly higher
level of skin resistance to benefit from an equivalent level of protection against dessication as
a larger, fully grown adult frog would (Tracy et al., 2010).
Adaptions to behaviour as a result of desiccation risk has been demonstrated in a study by
Child (2009) on juvenile cane toads. These juveniles, small in size and at a high risk of
desiccation, were found to alter their behaviour depending upon environmental humidity. In
periods of high humidity, the juvenile toads dispersed from their natal pools to moist habitats,
hence reducing the risk of predation and competition at their natal site. However, in less
humid periods, particularly at the driest portions of the day, juvenile cane toads were
observed grouping around their natal pool, whereby the risk of desiccation outweighed the
risk of predation or competition existing at the pool.
This study aimed to observe the climbing behaviour of Trinidadian metamorphic tree frogs in
respect to the heights they climb to, activity levels, shelter use and their return to water.
Tree Frogs
True tree frogs, of the family Hylidae, are distributed across both the Western and Eastern
hemispheres but are located in highest abundance in the Neotropics (Murphy, 1997). Frogs
of the family Hylidae possess several distinctive characteristics. They have slender and
usually flattened bodies, large eyes, long legs and toe pads (Murphy, 1997). There are
considered to be fourteen hylid species inhabiting Trinidad although the exact number is
unclear as various reported sightings/findings are currently unconfirmed, and recent
colonisations have occurred (Murphy, 1997). Of these amphibian species, six were involved
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in this study. These are all listed as ‘least concern for conservation’ by IUCN (2010) and are
referred to by their most current names, as listed by Frost (2010). They are as follows;
Hypsiboas crepitans (formerly Hyla crepitans), also goes by the common names of rattlevoiced tree frog or flying tree frog. It is nocturnal and its general habitats are shrubs within
the forest edge (Smith, 2007). This is a medium sized tree frog with SVL sizes between 6173mm, with female individuals being larger than males (Murphy, 1997). The adult dorsal
skin is smooth, usually red-brown or light brown, but has colour change abilities which are
visible upon capture, allowing its dorsal skin to appear white, grey-brown or metallic green
(Murphy, 1997). Metamorphs of this species differ in appearance from their adult form.
They are green in colour and have been located in excess of 30m from a water source
(Murphy, 1997).

Figure 1: H. crepitans metamorph

Trachycephalus venulosus (formerly Phrynohyas venulosus) is also known by the common
name of warty tree frog. It is nocturnal, with a rainforest habitat where it can mainly be
found on trees (Smith, 2007). This is a large sized tree frog with SVL sizes between 100113mm, with female individuals being larger than males (Murphy, 1997). The adult dorsal
skin is a brown colour with a variable mottled/spotted/blotchy pattern and is thick and
glandular, giving it its warty appearance (Murphy, 1997), hence the common name. Adults
have been recorded as secreting a sticky white toxic substance upon human handling,
resulting in irritation, pain, swelling, and uncontrollable sneezing (Prus, 2008). This ability
may deter predators; a cat has been recorded as suffering permanent paralysis following
feeding upon an adult Trachycephalus venulosus (Murphy, 1997).

Figure 2 : T. venulosa juvenile

Dendropsophus minutus is also known by the common name of lesser tree frog. It is
nocturnal, with a forest edge habitat where it can mainly be found among shrubs (Smith,
2007). This is a small sized tree frog with adult SVL sizes generally between 24-26mm with
female individuals being larger than Males (Murphy, 1997). The adults smooth dorsal skin is
yellow-brown in colour with varying markings and another notable physical characteristic is
that they have heavily webbed toes but reduced finger webbing (Murphy, 1997).

Phyllomedusa trinitatis is also known by the common name of Trinidad monkey frog. It is
nocturnal, found mainly in the trees within the rainforest (Smith, 2007). This is a medium
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sized frog with SVL between 80-90mm, with female individuals being larger than males
(Murphy, 1997). The adult dorsal skin is bright green combined with lateral white/pink
mottling (Murphy, 1997). Males have a brown horny pad on their thumb which distinguishes
them from females. Juveniles have an olive green coloured dorsal skin, and froglets have
been described as becoming deep red/purple in appearance during the hours of darkness, and
returning to their previous green coloration when daylight begins (Murphy, 1997).
Scinax ruber is also known by the common name of red-snouted tree frog. It is nocturnal
with a micro habitat of swamps within the forest edge (Smith, 2007). This is a small species
of frog, with SVL between 33-39mm, with female individuals being larger than males
(Murphy, 1997).
The adult dorsal skin colour is dependent upon sex, with males being
yellow, and females a brown-grey colour (Murphy, 1997).
Aims

To assess several aspects of the behaviour of metamorphosing and newly metamorphosed
tree frogs in the context of the vulnerability of these life history stages:
1. Does maximum height climbed to vary between species or developmental stages?
2. Do activity levels (in the form of number of changes of position) vary between species or
developmental stages?
3. Does weight (g), SVL (mm) or tail length (mm) affect the maximum height climbed to or
the number of changes in position?
4. Does the presence of shelter affect the maximum height climbed to or the number of
changes in position?
5. Does the number of individuals present affect the maximum height climbed to or the
number of changes in position?
6. Do the frogs emerge from water and stay in the first place they come to until tail
resorption is complete? Does this vary between species?
7. Do all species emerge from the water as soon as forelimbs have appeared? And do they
ever return to the water after emergence?
8. Do the metamorphs and juvenile frogs choose a habitat where they will be well
camouflaged and adhere effectively?
9. Does shelter use vary between species or different stages of tail resorption?
7.2

Methods

There are fourteen species of tree frog found in Trinidad. Of these, the tadpoles/spawn of
seven species were collected from their natural habitats from various locations within
Trinidad. These include; Dendropsophus minutus, Hypsiboas crepitans, Phyllomedusa
trinitatis, Scinax ruber, Trachycephalus venulosus as described above and the small-headed
tree frog (Dendropsophus microcephalus) and the giant gladiator tree frog (Hypsiboas
boans). Permits for collection were obtained from the Governmental Wildlife and Forestry
Department of Trinidad, St Joseph, Trinidad.
When the tadpoles/spawn were taken to the lab, each species was allocated to separate glass
aquarium growing tanks which were set up with dechlorinated water, aeration pumps and
covered with mosquito netting. These tadpoles were all fed twice daily with crumbled
tropical fish flakes and the water was changed upon becoming overly murky in appearance
(approximately every two/three days). The temperature in the lab was kept constant as was
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an approximate twelve hours light followed by twelve hours dark light cycle, similar to the
natural light regime in Trinidad.
However, the Dendropsophus microcephalus spawn did not develop in the laboratory and the
Hypsiboas boans, upon nearing the required Gosner Stage 42 (and three individuals which
did reach Gosner Stage 42), died from an unknown cause (thought to be infection). These
two species therefore could not be used in this study. Very few Phyllomedusa trinitatis
survived to the required stage of development (also thought to be due to infection), and the
Scinax ruber were slow to develop in the short time of this study, hence why so few are
recorded in the data.
Experimental Set Up
Allen (2011) used transparent glass tanks of height 110cm. However as many of the
individuals in her study reached this maximum height, taller purpose-built glass tanks were
prepared for the sunsequent 2011 study. Further alterations made to the set up are detailed
below.
Three tanks of dimensions 210 x 30 x 20cm were placed long sides vertically and adjacent to
one another on the lab bench, with clear horizontal markings of height at 5cm intervals.
The open side of the tanks were placed furthest from the camera and covered with white
mosquito netting to prevent escape and a transparent plastic tub containing 200ml
dechlorinated water was placed into the bottom of each tank. As the dimensions were not an
exact match, tightly packed white cotton wool was used to fill in the space between the tub
and the tank, such that the lip of the tub was in line with the wool, providing a makeshift
ground level. Transparent tubs were used in order that the metamorphs were visible on the
video footage whilst they were in the water, and white wool was used in order to ensure that
the metamorphs were easily visible on that surface. Rotting bananas were placed at the back
of the tank to provide Drosophila as a food source.
White paper was used to cover the sides of each of the tanks in an attempt to prevent visual
interaction with individuals in other tanks and to reduce a varying external environment as a
factor in the results. A blackboard was placed behind the camera in order to reduce the
external environment influence. A white sheet was placed behind the tanks to perform this
function and to improve the clarity of the video footage.
Two video cameras were attached to gorillapods such that the bottom and the top of the tanks
could be filmed (the tanks were sufficiently narrow for all three to be filmed simultaneously).
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The video recorder was used in time lapse mode, recording in ten second intervals.

Figure 3: Experimental Set Up.

Experiment
Upon the emergence of at least one forelimb (Gosner stage 42), metamorphs were removed
from their growing tank using a small net. At this time, measurements were taken of each
metamorph individual, including the wet weight (g), tail length (mm) and snout-vent length
(mm) prior to it being placed into the experimental set up.
At the start of each setup, each metamorph was placed into the transparent tub of water at the
bottom of the tank and the video recording commenced. The metamorph was recorded
continuously, through various stages of tail resorption (long, medium, short and gone).
Water was misted into the tank at various stages to provide adequate moisture on the
climbing surfaces.
This experimental setup was used both with and without the presence of bamboo/leaves
within the tank (arranged as shown in figure 3) in order to assess if presence of a suitable
camouflaged environment (shelter) would affect climbing behaviour. The experiment was
also performed with different numbers of the same species being observed in each tank Sets
of one individual and three individuals of the same species were used in order to determine if
competition from members of their own species would affect climbing behaviour.

Upon returning from Trinidad, the videos were viewed and factors recorded were; height in
the tank, number of climbing movements, returns to the water, type of material the frog was
sitting on (Categories were: glass, plant, tub, water, wool, net), and how far tail resorption
had progressed (Categories: long (>2/3 of initial length), medium (<2/3, >1/3 initial length),
short (<1/3 initial length, but still present.), gone).
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7.3

Results

Height Results According to Species – Shelter Present
Statistical analysis using an ANOVA general linear model displayed a significant difference
in maximum height climbed to between species (P=0.000, F=298.36). The R-Squared value
indicates that species type accounts for 96.76% of variation in maximum height climbed. A
Tukey test was then performed which displayed a significant difference in maximum height
climbed to between all species (P=0.000), except between P. trinitatis and T. venulosus
(P=0.9497). Figures 4-7 show the results related to species and size parameters.

Maximum Height (cm) According To Species

Maximum Height (cm)

200

150

100

50

0

H.crepitans

T. venulosus

D. minutus

P. trinitatis

S. ruber

Species

Figure 4: Differences in mean maximum height climbed to according to species with shelter present. H. crepitans, n
= 12; T. venulosus, n = 12; D. minutus, n = 12; P. trinitatis, n = 4; S. ruber, n = 5.
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Height Results According to Weight, Snout-Vent Length and Tail Length – Shelter
Present

Maximum Height (cm) vs Weight
Species
D. minutus
H.crepitans
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S. ruber
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Figure 5: Differences in maximum height climbed to according to weight.

Maximum Height (cm) vs SVL
Species
D. minutus
H.crepitans
P. trinitatis
S. ruber
T. v enulosus
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Figure 6: Differences in maximum height climbed to according to snout-vent length.

Maximum Height (cm) vs Tail Length
Species
D. minutus
H.crepitans
P. trinitatis
S. ruber
T. v enulosus
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Figure 7: Differences in maximum height climbed to according to maximum tail length.
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Height Results According to Developmental Stage – Shelter Present
-

H. crepitans

Statistical analysis using an ANOVA general linear model displayed a significant difference
in maximum height climbed to between different developmental stages (P=0.000, F=792.28).
The R-Squared value indicates that developmental stage accounts for 98.18% of variation in
maximum height climbed. Subsequently, a Tukey test was performed which displayed a
significant difference in maximum height climbed to between all stages of development
(P=0.000).
H. crepitans Maximum Height (cm)
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Figure 8: Differences in mean maximum height climbed to by H. crepitans according to stage of tail resorption.

-T. venulosus
Statistical analysis using an ANOVA general linear model displayed a significant difference
in maximum height climbed to between different developmental stages (P=0.000, F=517.64).
The R-Squared value indicates that developmental stage accounts for 97.24% of variation in
maximum height climbed. Subsequently, a Tukey test was performed which displayed a
significant difference in maximum height climbed to between all stages of development
(P=0.000).
T. venulosus Maximum Height (cm)

Maximum Height(cm)

200

150

100

50

0
Long

Medium
Short
Stage of Development

Gone

Figure 9: Differences in mean maximum height climbed to by T. venulosus according to stage of tail
resorption.
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- D. minutus
Statistical analysis using an ANOVA general linear model displayed a significant difference
in maximum height climbed to between different developmental stages (P=0.000, F=396.10).
The R-Squared value indicates that developmental stage accounts for 96.43% of variation in
maximum height climbed. Subsequently, a Tukey test was performed which displayed a
significant difference in maximum height climbed to between all stages of development
(P=0.000).
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Figure 10: Differences in mean maximum height climbed to by D. minutus according to stage of tail resorption.

- P. trinitatis
Statistical analysis using an ANOVA general linear model displayed a significant difference
in maximum height climbed to between different developmental stages (P=0.000, F=738.86).
The R-Squared value indicates that developmental stage accounts for 99.46% of variation in
maximum height climbed. Subsequently, a Tukey test was performed which displayed a
significant difference in maximum height climbed to between all stages of development
(P=0.000).
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Figure 11: Differences in mean maximum height climbed to by P. trinitatis according to stage of tail resorption.
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- S. ruber
Statistical analysis using an ANOVA general linear model displayed a significant difference
in maximum height climbed to between different developmental stages (P=0.000, F=404.07).
The R-Squared value indicates that developmental stage accounts for 98.70% of variation in
maximum height climbed. Subsequently, a Tukey test was performed which displayed a
significant difference in maximum height climbed to between all stages of development
(P=0.000).
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Figure 12: Differences in mean maximum height climbed to by S. ruber according to stage of tail resorption.

Height Results According to Species – Shelter Absent
Statistical analysis using an ANOVA general linear model displayed a significant difference
in maximum height climbed to between species (P=0.000, F=27.4). The R-Squared value
indicates that species type accounts for 94.48% of variation in maximum height climbed. A
Tukey test was then performed which displayed a significant difference in maximum height
climbed to between species except between D. minutus, P. trinitatis and T. venulosus.
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Maximum Height (cm) According to Species

Maximum Height (cm)
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Figure 13: Differences in mean maximum height climbed to according to species with shelter absent. H. crepitans, n
= 4; T, venulosus, n = 4; D. minutus, n = 4; P. trinitatis, n = 1, S. ruber, n = 1.

Height Results According to Weight, Snout-Vent Length and Tail Length – Shelter
Absent
Maximum Height (cm) vs Weight
Species
D. minutus
H.crepitans
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S. ruber
T. v enulosus
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Figure 14: Differences in maximum height climbed to according to weight.
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Maximum Height (cm) vs SVL
Species
D. minutus
H.crepitans
P. trinitatis
S. ruber
T. venulosus
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Figure 15: Differences in maximum height climbed to according to snout-vent length.

Maximum Height (cm) vs Tail Length
Species
D. minutus
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P. trinitatis
S. ruber
T. v enulosus
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Figure 16: Differences in maximum height climbed to according to tail length.

Height Results According to Developmental Stage – Shelter Absent
-

H. crepitans

Statistical analysis using an ANOVA general linear model displayed a significant difference
in maximum height climbed to between different developmental stages (P=0.000, F=32.14).
The R-Squared value indicates that developmental stage accounts for 98.18% of variation in
maximum height climbed. Subsequently, a Tukey test was performed which displayed a
significant difference in maximum height climbed to between all stages of development
except between long and medium stages (P=0.1386).
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Figure 17: Differences in mean maximum height climbed to by H. crepitans according to stage of tail resorption.

-T. venulosus
Statistical analysis using an ANOVA general linear model displayed a significant difference
in maximum height climbed to between different developmental stages (P=0.000, F=183.04).
The R-Squared value indicates that developmental stage accounts for 97.86% of variation in
maximum height climbed. Subsequently, a Tukey test was performed which displayed a
significant difference in maximum height climbed to between all stages of development
except between long and medium stages (P=0.1159).
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Figure 18: Differences in mean maximum height climbed to by T. venulosus according to stage of tail
resorption.

- D. minutus
Statistical analysis using an ANOVA general linear model displayed a significant difference
in maximum height climbed to between different developmental stages (P=0.000, F=268.56).
The R-Squared value indicates that developmental stage accounts for 98.53% of variation in
maximum height climbed. Subsequently, a Tukey test was performed which displayed a
significant difference in maximum height climbed to between all stages of development
(P=0.000).
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Figure 19: Differences in mean maximum height climbed to by D. minutus according to stage of tail resorption.

- P. trinitatis
Statistical analysis could not be performed for the P. trinitatis data (shelter absent) as there
was only one individual studied under these conditions.
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Figure 20: Differences in mean maximum height climbed to by P. trinitatis according to stage of tail resorption.

- S. ruber
Statistical analysis could not be performed for the S. ruber data (shelter absent) as there was
only one individual studied under these conditions.
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Figure 21: Differences in mean maximum height climbed to by S. ruber according to stage of tail resorption.

Changes of Position Results According to Species – Shelter Present
Statistical analysis using an ANOVA general linear model displayed a significant difference
in number of changes of position between species (P=0.000, F=286.05). The R-Squared
value indicates that species type accounts for 96.62% of variation in number of changes in
position. A Tukey test was then performed which displayed a significant difference in
number of changes of position between all species, except between H. crepitans and S. ruber
(P=0.1415).

Number of Changes of Position According to Species
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Figure 22: Differences in number of changes in position according to species with shelter present. H. crepitans, n =
12; T. venulosus, n = 12; D. minutus, n = 12; P. trinitatis, n = 4; S. ruber, n = 5.
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Changes of Position Results According to Weight, Snout-Vent Length and Tail Length –
Shelter Present
Number of Changes of Position vs Weight
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Figure 23: Differences in number of changes in position according to weight.
Number of Changes of Position vs SVL
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Figure 24: Differences in number of changes in position according to snout-vent length.

Number of Changes of Position vs Tail Length
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Figure 25: Differences in number of changes in position according to tail length.
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Changes of Position Results According to Developmental Stage – Shelter Present
-

H. crepitans

Statistical analysis using an ANOVA general linear model displayed a significant difference
in number of changes in position between different developmental stages (P=0.000,
F=283.85). The R-Squared value indicates that developmental stage accounts for 95.09% of
variation in maximum number of changes in position. Subsequently, a Tukey test was
performed which displayed a significant difference in number of changes of position between
all stages of development.
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Figure 26: Differences in mean number of changes in position by H. crepitans according to stage of tail resorption.

-T. venulosus
Statistical analysis using an ANOVA general linear model displayed a significant difference
in number of changes in position between different developmental stages (P=0.000,
F=245.40). The R-Squared value indicates that developmental stage accounts for 94.36% of
variation in maximum number of changes in position. Subsequently, a Tukey test was
performed which displayed a significant difference in maximum number of changes in
position between all stages of development.
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Figure 27: Differences in mean number of changes in position by T. venulosus according to stage of tail
resorption.
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- D. minutus
Statistical analysis using an ANOVA general linear model displayed a significant difference
in maximum number of changes in position between different developmental stages
(P=0.000, F=140.46). The R-Squared value indicates that developmental stage accounts for
90.55% of variation in number of changes in position. Subsequently, a Tukey test was
performed which displayed a significant difference in maximum number of changes in
position between all stages of development.
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Figure 28: Differences in mean number of changes in position by D. minutus according to stage of tail resorption.

- P. trinitatis
Statistical analysis using an ANOVA general linear model displayed a significant difference
in maximum number of changes in position between different developmental stages
(P=0.000, F=75.73). The R-Squared value indicates that developmental stage accounts for
94.98% of variation in number of changes in position. Subsequently, a Tukey test was
performed which displayed a significant difference in maximum in number of changes in
position between all stages of development except between medium and short (P=0.1618).
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Figure 29: Differences in mean number of changes in position by P. trinitatis according to stage of tail resorption.
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- S. ruber
Statistical analysis using an ANOVA general linear model displayed a significant difference
in maximum in number of changes in position between different developmental stages
(P=0.000, F=32.40). The R-Squared value indicates that developmental stage accounts for
85.86% of variation in number of changes in position. Subsequently, a Tukey test was
performed which displayed a significant difference in maximum number of changes in
position between all stages of development except between medium and short stages
(P=0.1486).
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Figure 30: Differences in mean number of changes in position by S. ruber according to stage of tail resorption.

Changes of Position Results According to Species – Shelter Absent
Statistical analysis using an ANOVA general linear model displayed a significant difference
in number of changes in position between species (P=0.000, F=93.98). The R-Squared value
indicates that species type accounts for 98.33% of variation in number of changes in position.
A Tukey test was then performed which displayed a significant difference in number of
changes in position between all species, except between H. crepitans and S. ruber (P=0.6467)
and also between H. crepitans and P. trinitatis (P=0.0593).
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Number of Changes of Position According to Species
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Figure 31: : Differences in number of changes in position according to species with shelter present. H. crepitans, n =
4; T. venulosus, n = 4; D. minutus, n = 4; P. trinitatis, n = 1; S. ruber, n = 1.

Changes of Position Results According to Weight, Snout-Vent Length and Tail Length –
Shelter Absent
Number of Changes of Position vs Weight
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Figure 32: Differences in mean number of changes in position according to weight.
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Number of Changes of Position vs SVL
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Figure 33: Differences in mean number of changes in position according to snout-vent length.

Number of Changes of Position vs Tail Length
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Figure 34: Differences in mean number of changes in position according to maximum tail length.

Changes of Position Results According to Developmental Stage – Shelter Absent
-

H. crepitans

Statistical analysis using an ANOVA general linear model displayed a significant difference
in number of changes in position between different developmental stages (P=0.000,
F=40.95). The R-Squared value indicates that developmental stage accounts for 91.10% of
variation in number of changes in position. Subsequently, a Tukey test was performed which
displayed a significant difference in number of changes in position between all stages of
development except between medium and short stages (P=0.2128).
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Figure 35: Differences in mean number of changes in position by H. crepitans according to stage of tail resorption.

-T. venulosus
Statistical analysis using an ANOVA general linear model displayed a significant difference
in number of changes in position between different developmental stages (P=0.000,
F=468.52). The R-Squared value indicates that developmental stage accounts for 99.15% of
variation in number of changes in position. Subsequently, a Tukey test was performed which
displayed a significant difference in number of changes in position between all stages of
development.
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Figure 36: Differences in mean number of changes in position by T. venulosus according to stage of tail
resorption.

- D. minutus
Statistical analysis using an ANOVA general linear model displayed a significant difference
in number of changes in position between different developmental stages (P=132.96,
F=0.000). The R-Squared value indicates that developmental stage accounts for 97.08% of
variation in number of changes in position. Subsequently, a Tukey test was performed which
displayed a significant difference in number of changes in position between all stages of
development.
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Figure 37: Differences in mean number of changes in position by D. minutus according to stage of tail resorption.

- P. trinitatis
Statistical analysis could not be performed for the P. trinitatis data (shelter absent) as there
was only one individual studied under these conditions.
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Figure 38: Differences in mean number of changes in position by P. trinitatis according to stage of tail resorption.

- S. ruber
Statistical analysis could not be performed for the S. ruber data (shelter absent) as there was
only one individual studied under these conditions.
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Figure 39: Differences in mean number of changes in position by S. ruber (n = 1) according to stage of tail resorption.

Number of Individuals Present Results
Statistical analysis using an ANOVA general linear model displayed no significant difference
in maximum height climbed to according to the number of individuals present (P=0.800).
The number of individuals present was also shown to have no significant difference in the
number of climbing movements (P=0.657).
Shelter Presence Results
Statistical analysis using an ANOVA general linear model displayed no significant difference
for shelter presence according to the maximum height climbed to (P=0.978) or the number of
climbing movements (P=0.815).
Habitat Results
Species

N

Water
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Net

D. minutus

12

11.47%

43.65%

0.06%

29.81%

14.89%

0.09%

H. crepitans

12

37.65%

0%

0%

41.83%

21.6%

0.15%

P. trinitatis

4

26.68%

9.87%

0.08%

43.83%

19.29%

0.26%

S. ruber

5

28.96%

33.43%

0.05%

28.88%

8.65%

0.04%

T. venulosus

12

28.49%

8.36%

0.03%

46.67%

15.83%

0.58%

Figure 40: Habitat use by percentage of time according to species. (N = Number of Individuals Studied).
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Species

Developmental
Stage

N

Water

Tub

Wool

Plant

Glass

Net

D. minutus

Long

12

20.51%

66.91%

0.1%

6.92%

4.94%

0%

Medium

12

7.58%

38.69%

0.08% 32.18%

21.43%

0.03%

Short

12

4.79%

23.57%

0.04% 49.51%

21.26%

0.42%

Gone

12

1.31%

15.33%

0%

58.83%

24.42%

0.11%

Long

12

100%

0%

0%

0%

0%

0%

Medium

12

4.52%

0%

0%

59.73%

35.71%

0%

Short

12

0.3%

0%

0%

65.37%

31.6%

0.35%

Gone

12

0.08%

0%

0%

73.41%

25.56%

0.94%

Long

4

54.87%

9.08%

0.18% 26.3%

9.58%

0%
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4

5.96%

10.95%

0%

49.57%

33.07%

0.45%

Short

4

2.43%

12.84%

0%

69.78%

14.51%

0.44%

Gone

4

1.08%

0%

0%

62.67%
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0.75%

Long

5

60.48%
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0.1%
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5

0.62%
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0.02% 35.77%
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0%
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5

0.35%
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0.18%

Gone
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Figure 41: Habitat use by percentage of time according to species and developmental stage. (N = Number of
Individuals Studied).
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2.03%

Return To Water Results
Species

Number of
Individuals (of total
studied)

Number of
Observations

Stage of
Development

D. minutus

16 (16)

103

Long (45)
Medium (29)
Short (18)
Gone (10)

H. crepitans

8 (16)

14

Long (0)
Medium (6)
Short (6)
Gone (2)

P. trinitatis

5 (5)

13

Long (2)
Medium (4)
Short (5)
Gone (2)

S. ruber

6 (6)

15

Long (3)
Medium (5)
Short (5)
Gone (2)

T. venulosus

10 (16)

16

Long (0)
Medium (5)
Short (10)
Gone (1)

Figure 42: Returns to water according to species and developmental stage.
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7.4

Discussion

The maximum height the metamorphic and juvenile frogs climbed in the presence of shelter was
found to differ significantly between species, with all species significantly different to each other
except P. trinitatis and T. venulosus. The aforementioned species were shown to climb
highest of all the species studied which is to be expected as their habitat involves living high
in trees whilst the shrub dwelling species S. ruber was shown to be lowest of the mean
maximum heights as shown in figure 4. Figures 5-7 show no clear trend in maximium height
according to weight(g), SVL(mm) or tail length(mm). The maximum heights achieved by
different stages of development was also found to differ significantly for all species in the
presence of shelter as shown in figures 8-12. The lowest maximum height value was for the
early stages of metamorphosis (long tail) which increased as tail length shortened, reaching
its highest value at juvenile stage (tail gone). These differences according to developmental
stage may be explained by the presence of a tail, which impairs locomotory ability, as shown by
Arnold and Wassersug (1977).
The maximum height the metamorphic and juvenile frogs climbed in the absence of shelter was
found to differ significantly between species, with all species significantly different to each other
except D. minutus, P. trinitatis and T. venulosus. The aforementioned species were shown to
climb highest of all the species studied which is to be expected as their habitat involves living
high in trees whilst the shrub dwelling species S. ruber was shown to be lowest of the mean
maximum heights as shown in figure 13. Figures 14-16 show no clear trend in maximium
height according to weight(g), SVL(mm) or tail length(mm). For H. crepitans, there was
found to be a significant difference in maximum height climbed to between all stages of
development except between long and medium stages as shown in figure 17. For T.
venulosus, there was found to be a significant difference in maximum height climbed to
between all stages of development except between long and medium stages as shown in
figure 18. For D. minutus, there was found to be a significant difference in maximum height
climbed to between all stages of development as shown in figure 19. Statistical analysis
could not be performed for the P. trinitatis or S. ruber data (shelter absent) as there was only
one individual of each species studied under these conditions (See figures 20-21).

The mean number of changes in position in the presence of shelter was found to differ
significantly between species, with all species significantly different to each other except H.
crepitans and S. ruber as shown in figure 22. The aforementioned species were shown to
have the lowest number of changes in position of all the species studied while D. minutus
was found to be most active. Figures 23–25 show no clear trend in number of changes of
position according to weight(g), SVL(mm) or tail length(mm). For H. crepitans, T. venulosus
and D. minutus there was found to be a significant difference in number of position changes
between all stages of development as shown in figures 26-28. For P. trinitatis and S. ruber
there was found to be a significant difference in number of changes in position between all
stages of development except between medium and short as shown in figures 29 and 30. The
lowest number of changes of position value was for the early stages of metamorphosis (long
tail) which increased as tail length shortened, reaching its highest value at juvenile stage (tail
gone). These differences according to developmental stage may be explained by the presence
of a tail, which impairs locomotory ability, as shown by Arnold and Wassersug (1977). For P.
trinitatis and S. ruber there was a less significant difference between medium and short stages.
This may indicate that tail presence has more effect on locomotory ability at early stages of
metamorphosis. It should be noted that this study took into consideration changes in
clombing position only, and all movements whilst in their aquatic habitat were not considered
to be climbing movements and so were not included in the results. As such, developmental
stages predominantly spent in water may indicate a much lower activity level than may be
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expected. For example, as shown in figure 26, H. crepitans spends 100% of the long tail
stage (early metamorphosis) in water and therefore no climbing movements were recorded.
However, the metamorphs at this stage were observed to be active; swimming around in the
tub. Perhaps a future study could include a video camera focused on the metamorphs whilst
in their aquatic habitat in order for their aquatic movements to be quantified for comparison
between species.
The mean number of changes in position in the absence of shelter was found to differ
significantly between species, with all species significantly different to each other except H.
crepitans, P. trinitatis and S. ruber as shown in figure 31. The aforementioned species were
shown to have the lowest number of movements of all the species studied while D. minutus
was found to be most active. Figures 32–34 show no clear trend in number of changes of
position according to weight(g), SVL(mm) or tail length(mm). For H. crepitans, there was
found to be a significant difference number of changes of position between all stages of
development esxcept between medium and short stages as shown in figure 35. For T.
venulosus ,and D. minutus there was found to be a significant difference in maximum height
climbed to between all stages of development as shown in figures 36-37. Statistical analysis
could not be performed for the P. trinitatis or S. ruber data (shelter absent) as there was only
one individual of each species studied under these conditions (See figures 38-39).
The number of individuals present was found to have no significant impact on mean
maximum height climbed to or the mean number of climbing movements. However, the
maximum number of individuals used in this study was three (due to feasibility of being able
to readily identify individuals on the video footage) which is a small number in comparison
to how many individuals from the same species would be at their pools in the wild. It may be
that the increase in competition from elevated numbers of individuals present may drastically
alter their climbing behaviours. Perhaps a future study could investigate the effects of larger
numbers of individuals on climbing behaviour via an alternative method such as continuous
observation using a video camera during the metamorph and juvenile stages.
Surprisingly the presence of shelter had no significant impact on the mean maximum height
climbed to or the mean number of climbing movements. Further study may involve the
comparison of different shelter types on climbing behaviours, including shelters with a closer
resemblance to that of each species wild habitat (tree species etc) in order to explore further
the effect of shelter presence on climbing behaviour.
Figure 40 shows that metamorphs and juvenile frogs generally choose a habitat where they
will be well camouflaged and have access to suitable climbing surfaces. Notably, all species
displayed an aversion to the net, which provided the least suitable climbing surface of all
those studied. This is attributable to the lack of a layer of water between the net and the
toepad surface. The wool was seldom utilised as a habitat by any species, possibly due to its
white colour which provided no camouflage and instead increased visibility of individuals.
All species spent a substantial time in the water and tub, however when choosing a climbing
surface the majority of time was spent on the plant (rather than the glass) which had the
added benefit of providing shelter. Surprisingly, the use of glass as a climbing surface, whilst
lower than the plant habitat, was higher than expected. This may be explained by the
substantially higher surface area of the glass in comparison to all other climbing surfaces.

Habitat choice alters throughout the developmental stages of Trinidadian tree frogs, as shown
in figure 41. The most obvious characteristic being the substantially higher percentage of
time spent in the aquatic habitat for long tailed individuals, which decreases as development
progresses. A possible explanation for this is that long tailed metamorphs remain in their
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aquatic habitats following forelimb emergence due to the locomotory disadvantage of the tail
on land in comparison to the aquatic habitat.
As shown in figure 41, none of the species studied emerged from the water immediately
following the emergence of forelimbs. Many individuals of all developmental stages made
returns to the water after emergence, as detailed in figure 42. This may be a consequence of
their high risk of dessication, as hypothesised. Further study would be required to assess if
returns to the water occur more frequently in more humid environments.
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8. The Validation of a Non-invasive technique to assess
adrenal activity in amphibians, using the cane toad
(Rhinella marina) as a model species: Rebecca Watson

8.1

Introduction

In an assessment carried out by the IUCN there were a total of 6,260 identified
amphibian species, of which almost one third are considered to be globally threatened or
already extinct (IUCN Red List 2012). There is a range of reasons for these declines, tending
to be species and area specific, such as habitat reduction and loss, disease, climate change and
pollution. It has been considered that in order to potentially overcome and recover threatened
amphibian species from such declines one solution could be to use ex situ captive
management and breeding programmes. It is estimated that 500 amphibian species currently
require ex situ intervention, as the rate of decline to extinction can no longer be overcome
through in situ conservation efforts (Amphibian Ark, 2012). Breeding supplementary
individuals in captivity could have the potential to inflate existing yet diminishing
populations or even to repopulate areas in which species have been recorded as extinct. For
this to be a success the causes of the declines must not persist in the environments in which
these new supplementary individuals will be placed. There are also issues which must be
addressed in order to ensure the success of a breeding programme, one being that the quality
of the supplementary individuals is relative to the in situ environment in which they are
expected to prosper. There are obviously many issues and concerns to consider in achieving
successful captive breeding programmes. However these issues and concerns are increased
with the extra consideration of being required to produce captive bred individuals which are
able not only to survive in the wild but also to thrive in order to secure the success of further
generations. Therefore, it is crucial to be aware of and to consider key elements of species
ecology in order to produce viable and useful individuals for captive breeding.

The impact of captivity on a wild animal can have potentially negative effects, particularly
with regards to welfare and reproduction. There has been considerable work carried out to
identify, quantify and potentially rectify these effects, particularly in captive animals within
zoos and other institutions. The link between welfare and reproduction cannot be ignored and
has shown that in order to achieve successful and natural reproduction, welfare should be of
the highest standard and monitored correctly. Husbandry manuals are a valuable means of
improving and distributing knowledge about the care and requirements of animals, especially
those with specific and specialist requirements. However, it is crucial that these are not only
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widely available but also that they are reputable and composed with a comprehensive
knowledge and understanding. To do this the criteria which these manuals advise should be
tested to show a measurable benefit to the animal.

One method used in the assessment of welfare and reproduction, which has proved useful
worldwide and in a range of fields, is the use of endocrinology. This involves using
immunoassay techniques to measure fluctuations in reproductive and adrenal hormone
concentrations. By monitoring changes in hormone concentrations and changes in the
immediate environment of the individual it can be possible to monitor physiological changes
as responses to positive or negative changes in the environment. Endocrinological techniques
could be beneficial, if used correctly, to studies aimed at monitoring the welfare and potential
reproductive status and success of wild amphibians in captivity. A study carried out by
Narayan et al. (2011) demonstrated the merits of using endocrinology techniques to assess the
marking technique of toe clipping as a potential stressor. By measuring the adrenal hormone
corticosterone in the urine of male cane toads the study found toe clipping to be a strong
stressor highlighting the ethical implications of this marking technique.

One of the benefits of endocrinology is the option to use non-invasive techniques to measure
physiological changes. By monitoring fluctuations in hormone concentrations in the faeces,
urine, feathers or hair of an animal it is possible measure changes without directly influencing
those changes through the effects of sampling. This is a particularly important consideration
when assessing adrenal activity which can be much affected by invasive techniques requiring
the handling and restraint of an individual. However, one aspect to consider when using
faecal samples is that there is a time lag from the time between hormone release and faecal
production (Wasser et al., 1994). This time lag is different between species and measures
must be taken to account for this time delay, especially when relating changes in hormone
concentration with behavioural or environmental changes (Whitten et al., 1998).

Immunoassay techniques involve using labelled antigens, also known as tracers, and
unlabelled antigens, the unknown amount of hormone in the sample, which compete to bind
to a specific antibody (Brown et al., 2002). The less antibody there is available for the
antigens to bind to then the higher the competition between antigens in an assay and so the
higher the sensitivity of the assay. This is because when there is a plentiful amount of
antibody the competition for binding sites between the unlabelled and labelled antigens is
minimal. Therefore, it becomes increasingly difficult to determine the amount of unlabelled
antigen in the assay. When competition for binding sites is high then samples containing high
concentrations of unlabelled antigen are able to better compete with the labelled antigen. This
makes it easier to distinguish the amount of unlabelled antigen in the sample. The specific
technique to be used in this study is enzyme-immunoassay (EIA), which uses enzyme
conjugate as the label. The assay is a solid-phase assay so the antibody is bound onto the
surface of a microtitre plate before the labelled and unlabelled antigens are added. Once the
antibody is bound to the surface of the wells within the plate the unlabelled antigen, the
unknown concentration of hormone, and the enzyme labelled antigen are added to the wells.
The assay is a colour metric assay and so the amount of competitive binding is determined by
the optical density of each well.
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In order for this technique to be useful it is necessary to firstly ascertain whether or not it is
possible to identify and measure concentrations of adrenal hormones in amphibians. This
process involves biological and chemical validation and must be carried for each species and
sex independently as hormones can vary between each. For the chemical validation a
parallelism is necessary to ensure that the assay is capable of measuring corticosterone in this
species. It involves running a series of dilutions using a pool of plasma taken from a range of
samples. This is then compared against the standard curve, which is produced using a
synthetic form of corticosterone and run in a two-fold dilution on the assay. Another element
of the chemical validation is the assay recovery. The recovery can be used to assess the
extraction efficiency, which is the accuracy of the technique used to remove endogenous
hormone from the plasma, and the amount of interference from non-specific binding
molecules.

The biological validation confirms whether or not the hormone being measured is
physiologically relevant and therefore related to adrenal activity and the stress response. By
measuring corticosterone concentrations before and after exposure to a stressor it can be
shown that an increase in hormone concentrations being measured occurs as a result of a
change in adrenal activity. Simply looking at average values cannot determine whether or not
the hormone concentrations are high or low, because within a population there is interindividual variation (Williams, 2008). By looking at an individual’s response to a challenge a
more informative assessment of the individual’s adrenal activity can be made.

The project reported here aimed to conduct a preliminary investigation into the benefits and
applications of endocrinology to the study of amphibians. In order to do this the project
aimed to validate a non-invasive method of adrenal assessment using the cane toad (Rhinella
marina) as a model species, due to its high abundance in the wild and low risk conservation
status. This validation process included two chemical and one biological element. Chemically
it was assessed through the process of enzyme-immunoassay (EIA), to determine whether the
faecal metabolites present in the faeces are able to be detected. The same method also
determined the amount of interference caused by other molecules in the samples through an
accuracy check. Biologically the EIA technique was used to measure changes in faecal
hormone metabolite concentration in response to a challenging event, intended to show that
the response being measured is physiological relevant to stress. This work could lead to
further applications and study into the captive welfare of a wide range of key species with the
potential to enhance the function and success of captive breeding programmes.

8.2

Methods

Specimen collection and treatment
The individual toads were collected from a relatively undisturbed field site, Lopinot River, on
the outskirts of Lopinot village. Once the toad was caught callipers were used to measure
nose to vent straight down the dorsal side of the animal. The individual was then placed in a
canvas bag and weighed using a Pesola spring balance. For transportation back to the lab
each toad was housed in an individual tub, ensuring the toad was moist and the tub was
securely fastened.
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Once in the lab each toad was housed in an individual enclosure containing a source of water,
food in the form of cockroaches and with a floor lined with paper. The paper provided a good
medium to absorb any liquids which could affect the samples and also maintained a moist
substrate for the animal. The enclosures were covered with fine netting over the top to
provide good air, light and temperature flow. General husbandry included twice daily checks
and water sprays, with food provided every few days.

Sample Collection and Storage
Enclosures were monitored for faeces twice daily (am and pm) during the routine husbandry
protocol, to minimise disturbance to the animals. Any faeces present was collected, taking
care to collect all material, transferred into 2ml eppendorf tubes, labelled and frozen at -80°C
until later analysis.
Sex identification
The gonads of a proportion of the captured toads were removed after lethal anaesthesia
through dissection and preserved in 10% formalin until analysis. One of each pair of gonads
was then used to identify the sex of the individual through the identification of sex cells using
histological methods. Each organ was set in wax before being thinly sectioned and set onto a
microscope slide. The cells were then stained using Haematoxylin and Eosin (H&E) and
identified under a microscope.
Hormone Extraction
The samples were firstly lyophilised (freeze-dried) to remove all excess moisture from the
faeces. This was to ensure that the mass of faeces used in the analysis did not vary in faecal
material between samples due to water content. The samples were then homogenised by
grinding down to a powder to provide a uniform consistency before a subsample was
weighed out. This procedure was carried out to account for and standardize the naturally
uneven distribution of hormone metabolites in the faeces (Millspaugh & Washburn, 2003).

A mass of 0.2g of faeces was weighed out for each sample. If the sample was smaller than
0.2g then the largest mass possible weighed out and the volume of reagents added in the
following steps was altered accordingly. To each sample methanol was added to form a 1:10
suspended solution (1ml MeOH to each 0.1g of faeces). The samples were then vortexed for
30 minutes and then placed in a centrifuge for 20 minutes (4°C, 2500g speed). The
supernatant was then transferred to a clean test tube using a pipette and the volume recorded.
Using a water bath (52°C) and an air compressor the samples were dried down and then
resuspended in diluted assay (1:10) in an equal volume to that of the individual supernatant.
Samples were then left overnight at 4°C to reconstitute and then stored at -80°C until further
analysis.
Hormone Analysis
The samples were analysed using an enzyme-immunoassay (EIA) kit produced by Assay
Designs; Corticosterone, Enzyme Immunoassay Kit, Catalog No. 901-097. As the histology
results showed no females to have been captured the validation process was not required to
be performed for each sex. The samples were extracted as described above and could then be
used directly in the assay to measure corticosterone concentration per sample. The protocol
for the assay procedure is as described in the Assay Designs kit and is included in appendix 1
of this report. For the validation processes, the parallelism and accuracy, the samples were
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prepared as described below and the assay procedure is also as described in the Assay
Designs kit protocol.

For the parallelism a sample pool was made using small quantities of a number of samples to
provide an example of the range of values which occur in this species. This pool was then
extracted as per the extraction protocol above, with the exception that the dried sample was
resuspended to give a 1:5 dilution. To obtain a two-fold dilution of this pool the original 1:5
reconstituted sample was then further diluted by adding an equal volume of diluted assay
buffer to consecutive tubes as described below:
Run at a two-fold dilution from a starting sample of 0.2g/ml (1:5)
Req. 250ul per well
Add 250ul of assay buffer to tubes labelled 1-9.
Add 250ul of neat sample to tube 1 and vortex well.
Add 250ul of tube 1 to tube 2 and vortex well.
Etc. until tubes contain 250ul total volumes at the following dilutions (except tube 9 which
will have a 500ul total volume)
Neat Tube1 Tube2 Tube3 Tube4 Tube5 Tube6 Tube7
1:5
1:10
1:20
1:40 1:80 1:160 1:320 1:640

Tube8
Tube9
1:1280 1:2560

For the accuracy check the same pool is used as was used in the parallelism. An equal volume
of each point on the standard curve is then added to an equal volume of the pool. This is
effectively providing a standard curve which is diluted to be at half of the original
concentration by adding an equal volume of the pool. A sample containing the pool
exclusively is also run on the assay to measure the background concentration added to the
diluted curve. This value is deducted from the final diluted curve results to remove the
background concentration. If there is no interference in the assay then the diluted curve will
provide the same results as the original curve, but at half the concentration.
Analysis
The optical density of each sample is measured using a plate reader. These raw data are then
analysed using the specialist three-point programme Assay Zap. This programme uses the
readings from the controls and standard curve to convert the optical density of the samples to
pg/ml.
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8.3

Results

Validation
Parallelism

Figure 1 – This graph shows the results of the parallelism carried out as part of the validation
process. The mean % binding of labelled antigen is shown along the x axis and the mean
concentration (pg/ml) is shown on the y axis. The red points represent the synthetic
corticosterone run at specific dilutions advised by the assay kit. The blue points represent the
endogenous hormone run at a two-fold dilution from a starting dilution factor of 1:5. The
graph shows that a suitable dilution at which to run samples on the assay is at 1:10, as this
point falls on the steepest part of the standard curve providing the most sensitive range for the
detection of concentration variation.

Accuracy

Figure 2 - This graph shows the results of the accuracy check carried out as part of the
validation process. The x axis displays the expected concentration of the sample and the y
axis displays the observed concentration. The points represent the observed concentration
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minus the background concentration of the samples. The points should lie at similar
concentrations on both the expected and the observed axis. However, this is true for only two
points, which are highlighted in red.
Samples

Figure 3 – Graph showing the faecal glucocorticoid metabolite concentrations for each
individual over the period of capture. The x axis shows the time period in days and the y axis
measures the concentration (pg/ml). For the overall majority of individuals there is an
increase in concentration during the period of capture which does not decrease over time.

Individua
l
MXA
MXB
MXD
MXH
MXK
MYM
MYA
MYG
FXA
FXB
FXC
FXE
FXI
FXJ
FXK
Mean

Mean concentration Mean concentration
Difference
Days
of baseline sample
of following sample
between
between
(pg/ml)
(pg/ml)
samples
samples
12074.77523
17979.17653
5904.401305
9280.702062
10716.20698
1435.504915
10165.43139
14022.13868
3856.707288
15105.31408
18612.52382
3507.209737
14677.27643
12411.66655
-2265.609882
6985.304092
10469.94223
3484.638139
7066.787412
6940.640678
-126.1467342
6284.260359
8685.352912
2401.092552
6201.858797
6409.280708
207.4219114
11212.06726
3803.249822
-7408.817436
10621.4581
19185.35515
8563.897047
22510.23327
15001.80025
-7508.433019
20339.69558
4526.003245
-15813.69234
18569.85147
18590.6513
20.79982925
9079.407559
11436.25036
2356.842805
12011.62821
11919.34928
-92.2789252

3
1
2
2
2
1
3
2
1
1
2
2
1
2
1

Figure 4 – This table shows a slight overall decrease in faecal metabolite concentrations when
looking at the average values for the individuals as a group. However, when looking at the
individual differences in concentration between samples it is shown that 66% of individuals
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show a concentration increase between baseline and following samples. The number of days
between sample excretions is shown in the final column.

Figure 5 – Graph demonstrating an increase in the mean faecal glucocorticoid metabolite
concentration (pg/ml) between the baseline samples collected on day one and the following
samples collected on day two of capture.

8.4

Discussion

The results for the parallelism test show a well fitted curve indicating that the assay used in
this study is capable of detecting and measuring corticosterone faecal metabolites in this
species. The samples which fit to the steepest part of the standard of the curve were at a
dilution of 1:12 suggesting a 1:10 dilution is a suitable dilution factor for this species. This is
supported by the concentration of this sample to be around 10, 000pg/ml, which is the mid
range of the standard curve for the assay. By diluting samples to a concentration which is
close to the middle detection limit of the assay it is likely that all samples will be able to be
measured. It is also the point at which the greatest variation in concentration is detected.

The accuracy test has shown that there is interference occurring between the assay and nonspecific binding molecules in the sample. This is particularly noticeable in samples of the
lower concentrations, as two of the samples which fall within the mid range of the curve do
not appear to show the same proportion of interference. It is therefore important to note that
the results of the samples may have been altered by an amount of interference, especially
those at low concentrations. It could be possible that an additional extraction step could
remove or reduce this interference, and so further work into the optimisation of this process
would be beneficial.

The results for the samples show that for the majority of individuals the concentration of
corticosterone faecal metabolites increases from the baseline sample in response to the
stressor of capture and captive housing. From this we can deduce that the measurement of
adrenal hormones in this way and for this species has shown relevance to physiological
changes linked to the stress response. There are some instances in which there is a decrease in
concentration for a few individuals. This could be because the initial sample was produced
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too late after capture to be considered as a baseline sample and so some hormone metabolites
produced by the stress response were already present in the faeces. It could also be the case
that some individuals had previously experienced a stressor before capture and the increase in
adrenal hormones from the previous experience had not yet been excreted. We must also
consider that some samples may have had interference from non-specific binding molecules,
especially those at low concentrations.
The table in figure 4 highlights the importance of individual analysis as there is much interindividual variation in metabolite concentration. When assessed as a collective group there
was shown to be a slight overall decrease in faecal metabolite concentration. However, when
looking at each individual independently it was shown that over half (10 in 15) showed an
increase in concentration from baseline to post-stressor samples.
Figure 3 shows that even near the end of the period of capture there is no obvious decrease in
concentration as would be expected if the stress response was returning to pre-stressor
concentrations. This could be due to the stress being chronic and so the stress response was
not returning to the previous rate and remained elevated throughout the experiment. Another
reason could be that the period of study was too short to allow for the stress response to
reduce, although this seems unlikely as increases were seen in such a short time period.
Alternatively the reason could be the quality of the samples produced by the toads. Over the
period of time the toads were housed in captivity the production of faeces reduced. This can
cause false elevations in the concentrations of hormone metabolites measured in the faeces as
in a smaller volume of faecal material the concentration of metabolites is artificially higher. It
could be possible to overcome this problem by altering the diet available, but it might be that
a side effect of the stress of captivity caused anorexia, as it was observed that some of the
food provided remained uneaten in the case of some individuals. One way around this
situation could be to move to an alternative sample medium which could potentially be a
more regular source of consistent samples. Urine, for example, could be a good alternative as
it is often produced as an escape response, although this could require handling the animals
which would remove the non-invasive benefits of the technique.
It has been shown that enzyme-immunoassay techniques could prove to be a useful tool in the
assessment of amphibian captive welfare. Further work is required into the suitability of
faeces as a sample medium for this species, particularly in the areas of sample extraction and
faeces excretion. Once these processes are optimised the technique could prove useful in the
assessment and monitoring of captive breeding programmes and captive housing design and
maintenance. The methods could also be used to validate this method on other species for
which it would be beneficial.

Appendix1
Assay Procedure
Bring all reagents to room temperature for at least 30 minutes prior to opening.
All standards and samples should be run in duplicate.
1. Refer to the Assay Layout Sheet to determine the number of wells to be used and put any
remaining wells with the desiccant back into the pouch and seal the ziploc. Store
unused wells at 4°C.
2. Pipet 100 µL of standard diluent (Assay Buffer 15 or Tissue Culture Media) into the NSB
and the Bo (0 pg/mL Standard) wells.
3. Pipet 100 µL of Standards #1 through #5 into the appropriate wells.
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4. Pipet 100 µL of the Samples into the appropriate wells.
5. Pipet 50 µL of Assay Buffer 15 into the NSB wells.
6. Pipet 50 µL of blue Conjugate into each well, except the Total Activity (TA) and Blank
wells.
7. Pipet 50 µL of yellow Antibody into each well, except the Blank, TA and NSB wells.
NOTE: Every well used should be Green in colour except the NSB wells which should be
Blue. The Blank and TA wells are empty at this point and have no colour.
8. Incubate the plate at room temperature on a plate shaker for 2 hours at ~500 rpm. The plate
may be covered with the plate sealer provided, if so desired.
9. Empty the contents of the wells and wash by adding 400 µL of wash solution to every well.
Repeat the wash 2 more times for a total of 3washes.
10. After the final wash, empty or aspirate the wells, and firmly tap the plate on a lint free
paper towel to remove any remaining wash buffer.
11. Add 5 µL of the blue Conjugate to the TA wells.
12. Add 200 µL of the pNpp Substrate solution to every well. Incubate at room temperature
for 1 hour without shaking.
*Turn on plate reader and set programme*
13. Add 50 µL of Stop Solution to every well. This stops the reaction and the plate should be
read immediately.
14. Blank the plate reader against the Blank wells, read the optical density at 405 nm, preferably with correction between 570 and 590 nm. If the plate reader is not able to be blanked
against the Blank wells, manually subtract the mean optical density of the Blank wells from
all readings.
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9. Piloting the use of cover boards to survey lizards and
snakes in a suburban environment: Christopher
Smart
9.1

Introduction

Cover boards is a sampling method by which boards of uniform size and shape are left in an
environment to encourage animals, hopefully including the target group/taxon, to use as cover.
Individuals periodically go out to look under the boards to count and categorise the organisms using
the board. It is particularly useful due to the inexpensive and low-tech nature of the sampling
method, almost anyone can help place the boards and finding the materials is often a case of asking
around for scrap wood/boards. This suited the nature of this particular experiment as sourcing the
materials had to be easy enough to get the multiple boards which would be required to carry out the
full experiment intended; minimising expenses was also a consideration. One of the main negatives
for cover boards as a sampling technique is the size of boards often makes them difficult to transport
but this was negligible for this particular setup as the boards can be stored on site. This experiment
was intended as a pilot to observe the viability of this sampling method with respect to the suburban
environment in a subtropical region; St. Augustines, Trinidad. The experiment did intend to execute
a full pilot sampling a variety of habitats, such as rainforest and savannah, however time and
transport constraints restricted the experimenters to the suburban habitat.
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9.2

Methods

Originally the experiment was built around the premise that the boards would be wooden, however
after several sourcing attempts it was decided that boards would be too expensive to obtain in
quantity. Instead corrugated iron sheets roughly 2ft2 were used, and as the experiment was small
scale we only required four sheets. The boards were then spread around the target environment, in
this case a disused piece of urbanised land. The select our area of study, the first board was thrown
at random and the others then being setup 10 meters apart; resulting in the boards being set-up in a
square. We then left the boards for approximately one week for the local fauna to acclimate to.
Other studies seem to leave them longer in situ to allow for further acclimation, however once again
time constraints forced the experiment to run on a shorter timescale. The team then inspected the
boards in the both the morning and night for a period of 4 weeks; categorising any organisms found
under the sheets. A digital SLR camera was used to take photos. A particular note of the reptile
species was taken, as they were the focus group for the experiment. Team members also took
humidity and temperature reading, as well as setting up a rainfall gauge and noting daily rainfall.
Also judging by eye (same individual each time) the sun-cloud ration for that day/time was recorded.
For safety concerns, the board inspections were carried out by using a large stick to flip the boards.
For future studies, this will become more important to use in the rainforest habitats; reducing
potential snake encounters. Analysis of the data collected was very basic as there is no experiment
to compare the effectiveness of this sampling method; however some analysis was done to test if
there were correlations between sampling success and the abiotic factors measured.

9.3

Results

Figures 3-10 in Appendix I show graphs of raw data collected during the experiment for all boards in
regards to temperature and humidity. Comparing days when specimens were recorded to days when
no specimens were sighted, it can be seen that there was a 50% success rate for the sampling
method i.e. 50% of the days to which the study was carried out, at least one specimen would be
sighted. From this data you can also see that 63% of the lizards (Gonatodes vittatus vittatus) caught
were female and 97% were mature adults; it should be noted that all lizards sampled were from the
same species. Using a series of graphs, geared towards the independent variations of each board, a
general overview of the data and potential correlations was possible. Unfortunately the only
correlations picked up were those interactions between abiotic factors such as temperature and
humidity, already well documented. Individually there didn’t seem to be any correlations, however
when the mean temperature and humidity was taken (Figures 1 and 2 below), they could be paired
against sample success to see if the overall experiment showed any trends due to changing abiotic
factors. Temperature and humidity both showed slight trending in the plots so a simple linear
regression was performed to test the viability of both having a true effect. Appendix II shows a
Minitab GLM output. Here the linear regression of both showed p-values greatly exceeding the
generally accepted 0.05 value with humidity having a p-value of 0.31 and temperature 0.95.
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Figure 1: Graph showing the overall mean temperatures recorded; plotted against the success
rate of finding specimens taking refuge under all four cover boards.

Figure 2: Graph showing the overall mean humidify values recorded; plotted against the
success rate of finding specimens taking refuge under all four cover boards.

9.4

Discussion

The results are not as informative as the original experiment had intended them to be however after
the changes to the experiment the information that was collected is still useful and will be used to
amend the experiment for the future. The lack of correlation in the results is not surprising
considering the relatively small data set that was obtained; 33 samples is not quite enough to see
effects unless they are incredibly forceful. The small sample size was mostly down to time
constraints. Also the site could not be constantly sampled, and there were too many disturbances,
which drastically affected the results. The slight correlations between temperature, humidity and
sample success are encouraging despite the lack of support from the linear regression; the
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regression may have been unable to spot the relationship due to small sample size. It would
certainly make sense for a correlation to be there as the iron sheets would have been excellent
basking points or heat sinks due to the thermal conductivity of the metal; however more data will be
required to ascertain if that is truly the case. The experiment suffers heavily from bias as all the
lizards caught were from a single species, through direct observations the presence of at least 3
other lizard species were confirmed in the immediate area and 2 amphibian species. This may be
due to the low lying nature of the sheets favouring the species found (as it was quite small) whilst
the other species present were for the most part considerably larger. The setup also favours
terrestrial reptiles; arboreal species rarely travel on the ground but are probably more likely to seek
cover under objects when they do. The suburban environment may be favouring one species over
all others, particularly if they are adaptable to the changing land use which could occur in a
generation or two. The improvements of the experiment would include the facets which were
originally taken away such as; wider range of environments, longer experimental time and microenvironmental surveys (e.g. suburban had a landfill environment and degraded grassland). New
improvements would include relevance of predator presence (possibly difficult as main predators of
reptiles are often other reptiles) and increasing the number of boards (constrained by sampling
area) A second experiment may also want to consider leaving the boards for a longer acclimation
time before beginning the experiment as this may affect gathering of results. Adding other sampling
methods to the experiment may also greatly increase surveying accuracy for an area as each can
cover for the others disadvantages, of particular note is transect spotting as each time an
experimenter walks to the sampling area that could be classified as a transect (2 sampling methods
within one action).

Conclusion
In retrospect the experiment was not as far reaching as was intended however it did function
perfectly as a pilot study. 50% sample success is acceptable, considering the issues previously
discussed and the remarkably low tech nature of the experiment. Nothing can be said about its
viability in other environments as it is certainly possible that the performance of the iron sheets was
completely reliant on the fact the suburban environment already had scrap metal present in it.
However providing ample acclimation time should counteract this factor and considering that this
experiment has the potential to be repeated over a number of years then it would not be surprising
if it goes through many renditions to perfect the experimental procedure as much as possible.
Essentially the experiment proved cover boards can be an effective sample method to survey
herpetofauna in a suburban habitat and if used in conjunction with other methods can be very
useful in surveying in any area if resources are constrained. It should be noted, that as well as
Gonatodes vittatus vittatus lizards; spiders, millipedes, and large land snails were also documented
throughout this study.
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Appendix I

Figure 3: Graph; Plotting Temperature against Findings success at Board 1

Figure 4: Graph; Plotting Humidity against Findings success at Board 1
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Figure 5: Graph; Temperature effects on Findings at board 2

Figure 6: Graph; Humidity effects on Findings at board 2
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Figure 7: Graph 5; Temperature effects on Findings at board 3

Figure 8: Graph 6; Humidity effects on Findings at board 3
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Figure 9: Graph 7; Temperature effects on Findings at board 4

Figure 10: Graph 8; Humidity effects on Findings at board 4
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Appendix II
Linear regression model for sample success (FINDINGS) and mean humidity
Residuals:
Min

1

-1.1151

Q Median

-0.8657

3Q

-0.6003

Max
0.5016 2.8967

Coefficients:
Estimate Std. Error

t value Pr(>|t|)

(Intercept) -0.74978 1.64853 -0.455 0.652
SUM$hum 0.02376 0.02334 1.018 0.316

Residual standard error: 1.155 on 34 degrees of freedom
Multiple R-squared: 0.02957, Adjusted R-squared: 0.001027
F-statistic: 1.036 on 1 and 34 DF, p-value: 0.3159

Linear regression model for sample success (FINDINGS) and mean temperature
Residuals:
Min

1Q

-0.9469 -0.9178

Median

3Q

Max

-0.4233

0.3670

Std. Error

t value Pr(>|t|)

3.0737

Coefficients:
Estimate

(Intercept) 1.097332 2.998918 0.366 0.717
SUM$temp -0.005877 0.097340 -0.060 0.952

Residual standard error: 1.173 on 34 degrees of freedom
Multiple R-squared: 0.0001072, Adjusted R-squared: -0.0293
F-statistic: 0.003645 on 1 and 34 DF, p-value: 0.9522
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10. Marine turtle monitoring, Fishing Pond: Liam
Templeton
Between the months of March and September the coastal waters of Trinidad and Tobago are host to
a variety of sea turtles including Leatherbacks (Dermochelys coriacea), Hawksbills (Eretmochelys
imbricata), and Greens (Chelonia mydas), the former two of which are considered critically
endangered according to current IUCN Red List figures while the latter is thought to be decreasing in
population. During nesting periods many of the bays surrounding the coast of Trinidad are flooded
with laying Leatherback females, the most abundant species of those that choose to nest in Trinidad,
with some eye-witness accounts reporting in excess of 100 nesting individuals in a single night. In
situations likes these it would appear that the single greatest disturbance to nesting individuals is
other nesting individuals, with many existing nests being disturbed by subsequent nesting
behaviour. With this considered there are still many other existing threats to the breeding success of
sea turtles, both natural and manmade. Until only just recently it was still legal to hunt sea turtles
outside of their breeding season. Even in spite of these hunting pressures there still exists an illegal
industry built on poaching of sea turtles during their vulnerable nesting process. Indirect
disturbances caused by human activity exist in the form of increased light pollution in areas
neighbouring historic nesting sites, the effects of which can often confuse turtles trying to navigate
toward the water who mistake the artificial light for the moons reflection on the water’s surface.
Other such natural disturbances include any excess debris (Figure 1) on the beaches that might
obstruct the path of nesting individuals or hatchlings trying to make their way toward the sea. With
this in consideration it is clear how conservation efforts can benefit the breeding success of these
critically endangered sea turtles.
During this expedition the team liaised with the Turtle Village Trust (TVT), a group formed in 2006; a
collaboration between existing community groups concerned with sea turtle conservation (Nature
Seekers, Fishing Pond Turtle Conservation Group, Grand Riviére Nature Tour Guides Association, SOS
Tobago, Matura to Matelot (M2M) Network) and BHP Billiton, a global natural resources company.
The initial inspiration for this collaboration was to address the difficulties encountered by these
independent community led conservation groups and has since been developed to explore
opportunities in ecotourism in an attempt to raise awareness of current threats and contribute to a
burgeoning economy. With this the trust set about establishing several “Turtle Villages” in areas on
the island that were thought to be most significant for nesting turtles. Existing Turtle Villages are
mainly located on the North East coast of Trinidad in the regions of Matura, Grand Riviere, Toco, and
Fishing Pond as well as several sites of interest on the sister island of Tobago. Of these we worked
alongside a team situated in the Turtle Village of Fishing Pond, a short distance outside of Sangre
Grande. These regions serve as hot spots for conservation as well as sites for possible development
of ecotourism based activities and information centres. It is hoped that more sites will be
established in the future.
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Figure 1: A map of Trinidad indicating Fishing Pond, where the team worked; carrying out marine turtle
conservation work and beach cleanup (Map source: www.caribbean-on-line.com)

The bay of Fishing Pond is situated south of Matura bay just below the mouth of the Oropouche, and
north of Manzanilla bay just above Manzanilla point (Figure 1). The beach is approximately two miles
long and for the purpose of the work carried out by the TVT is separated into eight zones, each
approximately half a mile in length. The land directly adjacent to the beach is a significant wetland
habitat, making access to the beach somewhat limited. Initially a boardwalk was constructed over
the marsh to aid visitor access to the beach though this structure collapsed shortly after it was
erected. In the absence of the boardwalk access on foot to the beach involves a fifteen minute hike
through forest and marsh terrain. This limited access makes Fishing Pond an ideal bay for study and
conservation as its remote location discourages poachers and unlicensed tourist from visiting the
beach during breeding seasons. Further limiting access to this beach is a ban on visiting Fishing Pond
during the breeding season without a proper license. Licenses can be purchased in advance by
visitors for a cost of about 50 Trinidad & Tobago Dollars (TT$) per night and those found to be
trespassing on a beach without a license face a fine of up to 10,000 TT$ in an attempt to discourage
any behaviour that might be considered disruptive to the breeding success of sea turtles. This
restriction limits any access to Fishing Pond during these 6 months of the year, whereas other Turtle
Village beaches enforce a more relaxed 12 hour policy which restricts access only during the hours
between 6p.m. and 6a.m. which are considered to be the typical hours of activity for both nesting
and hatching though there have been numerous cases of both nesting and hatching during daylight
hours.
Our initial visits to Fishing pond involved a group of four or five expedition team members meeting
with members of the TVT during the evening. A typical patrol takes place between the hours of
8p.m. and 12a.m. as these are considered peak hours of activity for both nesting and hatching. Here
they would explain to us the purpose of the TVT and the nature of the work carried out at Fishing
Pond. Here the group would accompany the TVT workers as they patrolled the beach in order to gain
a better understanding of the work that is carried out throughout the season. Such work includes
the monitoring of nesting individuals that arrive on the beach each night in abundance. Individuals
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are checked for metal tags on their rear flipper and passive integrated transponder (PIT) tags
beneath the front flipper. The identities of any individuals encountered are recorded along with the
time, date, and location of the encounter as well as a record of environmental factors including
cloud coverage, wave action, etc. This information is submitted to an international database in the
hope that it might offer some insight into the nesting behaviour of a breeding population. Individuals
encountered may also have been encountered elsewhere earlier in the season or may choose to
nest multiple times on the same beach throughout the season. Unidentified individuals are
administered a new set of tags accordingly. Patrols at Fishing Pond are carried out nightly. In
addition to this the beaches are also monitored during the day to record traces of nesting that may
have occurred outside of patrol hours. These nests are marked with GPS and monitored in relation
to tidal patterns. If there is a significant risk that a nests success may be compromised by an
encroaching tide the nest may be considered for relocation.
The main purpose of these primary visits was to give each of our expedition member’s insight into
the work that is done by the TVT as well as the opportunity to witness the phenomena that is sea
turtle nesting in the wild. Subsequent visits to Fishing Pond were coordinated by a dedicated team of
four students. The focus of these visits was to work alongside a team of TVT employees to assist
them in their duties. At this point the laying period for leatherbacks was drawing to a close so focus
shifted more toward ensuring hatchling success. Being directly downstream from a major river
discharge Fishing Pond receives an enormous amount of debris with every high tide. A major
contributor to this debris is an invasive species of bamboo that was originally introduced to Trinidad
for use as a building material. Unlike the indigenous species these plants can grow many meters long
and are extremely thick. Dozens of bamboo logs and rubbished washed up by the sea. Figure 2
(below) illustrates the type of materials the team cleared away. These types of materials typically
forms a barrier along the tide which if not removed can act as a barrier and prevent hatchlings from
reaching the sea leaving them vulnerable to predators and even prone to exhaustion. A typical patrol
would involve clearing debris surrounding nesting sites to provide a corridor for hatchling to
successfully navigate to the ocean. Those that were found among the debris were rescued and
transported to the tide, setting them down a few feet from the water’s edge preferring not to place
them in directly into the water so as to not disorientate them.
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Figure 2: Photograph illustrating the type of debris the team helped clear up from the beach (Photo: Chloe
Rossi, 2011).

These visits would occur roughly two-three nights a week depending on schedule and the weather
(excess rain would flood the path limiting access to the beach) with a total of eight visits (excluding
primary visits) throughout the expedition. From these visits as many as 30 nesting leatherbacks were
encountered on a nightly basis with numbers declining as the nesting season drew further to a close.
Typically nests hatch an hour or two after sunset meaning that we would often only see tracks left
by hatchlings during our patrols, however we did encounter a few nests either as they were hatching
or that had become entangled in the debris. Also of note is the fact we never encountered a nesting
hawksbill, although we did come across tracks that indicated their presence on more than one
occasion. It is hoped that due to our efforts we have aided the breeding success of what is largely
considered a critically endangered species.
Though no formal scientific data was collected during this time it is hoped that the relationship
established between the University of Glasgow Trinidad expedition and the Turtle Village Trust can
be built upon during future expeditions. The work carried during the 2011 expedition may then
serve as an introduction so that subsequent work with the Turtle Village Trust will be more
immediate and beneficial for both parties. It is clear that despite the efforts of the trust many
threats to the breeding success of these animals still exist. The TVT is still in its early stages of
development, and speaking on behalf of the expedition we would be glad to assist them in reaching
their goals, and ourselves gaining a better understanding of the breeding habits of a critically
endangered species.
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11.

Educational Work: Tom Deas

The 2011 expedition was invited to take part in a wider educational project, ‘Global School
Partnerships’. The ‘Department for International Development’ project promotes partnerships
between schools in the UK and schools in Africa, Asia, Latin America and the Caribbean.
12 schools from Glasgow are involved in the three year project and have been linked with 12 schools
in Trinidad. The University expedition was asked to get involved due to the vast experience of
working in Trinidad amongst the staff and students of the University of Glasgow Zoology department
and its links with organisations ‘Glasgow Science Festival’ and ‘Discover Amazonia – Scotland’s
indoor tropical rainforest’; both of which were partners in the educational side of the expedition.
In the months before the expedition the 8 Glasgow primary schools were offered a visit from the
expedition staff and students. The visit included a performance of the educational play ‘Manno the
Stream Frog’s Wonderful Adventure’ written by Professor Roger Downie. The interactive play is
based on discoveries the Trinidad expeditions have made about the lives of the common Trinidadian
frog Mannophryne trinitatis. The pupils were also offered a Q&A session with the students to ask
about Trinidad, the sort of scientific work being carried out there by the expedition and any cultural
queries the pupils may have.
The primaries were also offered an educational Trinidad themed visit to Amazonia. The trips were
funded by the British Council.
In May and June three primaries took up the offer of the visit; Drummore School, Carmunnock
Primary School and St Paul’s Primary. A total of 250 pupils were involved.
Four Schools took up the offer to visit Amazonia; St Pauls Primary, St Bartholomew’s, AND.
The Glasgow based secondary schools were invited to take part in a tailored ‘Glasgow Science
Festival’ event at the University of Glasgow in June. Senior pupils were involved in a talk about
Trinidad and the conservation issues facing its wild life. There was an interactive workshop based
around wildlife from Trinidad and the UK. Using preserved and live specimens from the zoological
museum’s collections the students were led round a trail of exhibits and had to answer a series of
questions on the wildlife of Trinidad and the UK. The questions were designed to highlight
similarities and differences between the two countries wildlife as well as involving cultural aspects of
both countries. 40 senior biology pupils form King’s Park Secondary and St Thomas Aquinas
Secondary visited the University of Glasgow for the sessions. The sessions received great reviews
from all involved.
Whilst in Trinidad the expedition team worked with the local schools involved in the Global School
Partnerships project. Working closely with educational authority staff a group of students and staff
visited students of four of the primary schools; St Augustine South Government Primary (Figure1),
Gandhi Memorial APS Vedic School, Curepe Vedic and Spring Village Hindu. The sessions were
similar to the Glasgow sessions with a play and Q&A session delivered to the pupils. The sessions
went well with a large volume of questions being fielded from the enthusiastic pupils. The staff and
pupils were all extremely friendly and helpful in allowing the expedition access into the schools and
showed the expedition lots of the famous Trinidadian hospitality.
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The secondary school pupils were not visited in this trip but a meeting was held with the teachers
from the secondary schools involved in the project. Possibilities for the future were discussed and
what future expeditions could offer local schools – such as the possibility of field trips and class visits
and further involvement with the University of the West Indies Zoology Department and Mike
Rutherford the curator.
Due to some issues in establishing communication between Glasgow and the Trinidad schools some
of the details of the visit had to be arranged once the group was in Trinidad. It is hoped now with
firm connections made directly with educational staff and teachers in Trinidad any future work will
be easier to plan in advance and the new partnerships can be built on further.

Figure 1: Pupils at St Augustine South Government Primary with University of Glasgow staff and students
(Photo: Tom Deas, 2011).

12.

Latitudinal versus local environmental drivers of
aquatic macrophyte diversity in calcareous rivers:
Julissa Tapia Grimaldo and Kevin Murphy

Our study aims to determine the mechanisms driving vascular aquatic macrophyte species richness,
in hardwater rivers, at broad spatial scales. Hardwater rivers in Trinidad provided a set of suitable
test localities which we surveyed in 2011. We collected information on vascular aquatic macrophyte
occurrence in limestone rivers of the Northern Range, Trinidad, river water physico-chemistry and
catchment information, which contributed to a global-scale dateset derived from the literature, preexisting databases held by collaborators around the world, and primary survey of calcareous (“hard
water”) rivers in other countries, to assess the relative importance of global-scale (latitudinal) factors
versus local environmental conditions in driving river macrophyte diversity. Our findings are still in
the process of being written up. For further information please contact Julissa Tapia Grimaldo:
j.tapia-grimaldo.1@research.gla.ac.uk
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Special thanks to Prof. Roger Downie, Gillian Simpson and the rest of the Trinidad expedition group
who were very helpful to us in suggesting suitable sites for our study in 2011, and helping us with all
the practicalities involved in our stay. I also want to thank everyone for letting me take part in their
projects with the leatherback turtles and the rainforest frogs. I had such a great time with such a
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APPENDIX 1
Treasury Account 2011
Income
Personal Contributions

£7,900

(£600 X 13, one £100 deposit):
Fundraising

£ 3,479.23

Grants
- BLB Grant
- Glasgow University Grant
- Carnegie Trust
- Thriplow Grant
- Dennis Curry
- Albert Reckitt
- Lindeth Trust
- Amazonia

£700.00
£1,400.00
£2,000.00
£2,000,00
£1500.00
£750.00
£250.00
£3000
£11,600
£22,979.23

Total
Total Income
Expenditure
- Flights
- Petrol and Car Maintenance
- Car Hire
- Insurance
- First Aid
- T Shirts
- Accommodation
- Equipment
- Phone Top-ups
- Food
- Admin
- Results processing (microscopy,reagents)
Total Expenditure

£7,626.76
£784.39
£2,400
£1,402.50
£140.00
£637.29
£2,564.80
£1,886 .77
£86.40
£1,397.11
£ 755.74
£1856.80
£21,578.56

Surplus

£1400.67
90

Surplus to be used to fund Expedition Report, to assist organization of future Trinidad expeditions,
and to defray costs of research on materials collected on the Expedition.
Expenditure in Trinidad converted to £ sterling using £1 = $10 TT (the rate was somewhat variable
during the expedition).
Comment on expenditure and fundraising compared to budget: our prospectus estimated a budget
of £29,300.00. Several items came in significantly under budget, notably accommodation, car hire,
lab hire (waived) and contingency (not needed). The result was that although fundraising was under
budget, the expedition still made a modest surplus. This will be noted in budgeting for future
expeditions, although it is expected that accommodation costs will rise.
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