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Glasgow University Exploration Society Expeditions to Trinidad

Trinidad – ‘Lere’, the land of the ‘quillibee’

Image: A. Watt

The neighbouring islands of Trinidad and Tobago are the most southerly members of the Caribbean
Island chain situated just off the coast of Northeast Venezuela. These contrasting islands have a long
history of colonial involvement (being successively owned by Spain, France and most recently Britain)
and are now a single nation state within the Commonwealth. Trinidad, the larger of the two islands was
known as Lere or ‘land of the hummingbirds' to the native Amerindians. Once a part of the South
American mainland, its flora, fauna and climate closely resemble that of nearby Venezuela. The
combination of plains and hill regions, together with a warm, damp climate, made Trinidad suitable for
sugar, cocoa, coffee, and rice plantations. The economy of Trinidad today still relies substantially on
industrial trade overseas. This diversity in geography and land use, coupled with its closeness in species
diversity to South America, makes the island a rich source for biological research, especially where
studies are concerned with conservation. The rich variety of flora and fauna throughout these islands has
unfortunately been greatly disturbed by colonial plantations and modern development. However there are
still many largely undisturbed habitats available for study including thick swathes of primary rainforest in
the south of the island, rain and cloud forest in the Northern Range mountains, beaches used by five
species of turtle for egg laying and several large coastal mangrove swamps. As each of these habitats is
complex and specialised and supports a number of rare and indigenous species of plants and animals,
scientific research is very important. Unfortunately, resources for research within Trinidad are limited at
present but a number of local conservation groups are starting to make an impact on public awareness.
The Governmental Wildlife Division has been keen to encourage the presence of foreign study groups to
aid in the collection of data.
- -
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The Glasgow University Exploration Society reformed in 1988 after a lapse of around 10 years. It
mounted its first expedition to Trinidad and Tobago in June 1989 and since then has gone from strength
to strength with more and more students striving to become involved and to gain from the opportunities it
offers. Many expeditions have been run each year to destinations such as Cyprus, Patagonia, Ecuador and
Iceland with subject matter ranging from zoology and conservation issues to geology and rock
formations. Previous expeditions to Trinidad and Tobago have been run in 1988, 91, 93, 94, 96, 98, 99,
2000, 01, 02, and 03. This years expedition was the University’s twelfth to the country. We strongly
believe that there are considerable benefits in this continuity. As a recurring expedition we strive for good
relations and continuity and were therefore fortunate in having had expedition members with previous
experience and contacts within Trinidad and Tobago. This helps by returning a constant level of
understanding to the country enabling our Trinidad friends and acquaintances to relate to people and not
just a name. Additionally, having a large number of first time visitors brings a fresh and enthusiastic
perspective to every aspect of biological study undertaken. This is a vital asset, especially in any longterm well-established study and was prevalent in abundance in this years ‘new’ students, who pulled
together well as a team in some difficult circumstances, the full details of the team can be found in
Appendix I.

For every expedition run to Trinidad reports have been published and circulated to all sponsors and
collaborating organisations in Trinidad and Tobago. In addition, many research papers have been
published in refereed journals on the entomological and herpetological work these expeditions have
carried out. Its not all about work and data collection and we took part in a number of interesting field
trips to various other nature centres and cultural festivals around the island, details of which can be seen
in Appendix III.

- -
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Reports of the Leatherback Turtle Conservation Team 2004
Suzanne Livingstone

Turtle teams: Top L (L to R) Christopher
Patron, Euan Riddell, Suzanne Livingstone,
Debbie McNeill, Craig Bloomer. Bottom L:
Jamie Fry, Andrew Walmsley, Peter Crayk.
Above: Anthony Briggs, Recardo Patrong,
Renwick Roberts

The Glasgow University Turtle Conservation team comprised Suzanne Livingstone, Debbie McNeill,
Euan Riddell, Craig Bloomer, Andrew Walmsley, Peter Crayk and Jamie Fry) who worked alongside
local conservation group, the Pawi club:

Renwick Roberts, Christopher Patron, Recardo Patrong,

Anthony Hollis Briggs and Maria Penny.

Suzanne would particularly like to thank: the University of Glasgow Court, Carnegie Trust, Blodwen
Lloyd Binns Trust, Percy Sladen Memorial Trust, Gilchrist Trust, Dennis Curry Trust, British Chelonia
Group and The Albert Reckitt Trust. They have given us the opportunity to experience new surroundings
and cultures, carry out important research on endangered species, and help the local community in their
endeavours to protect their environment. Thank you to our Trinidadian counterparts: Tony Dougdeen,
Kelvin Siew and Karen and Jimmy Dhun for all their help. I don’t think we could have managed without
you. Thank you to the Wildlife Section staff, especially Nadra Gyan and Stephen Poon for helping
organise work permits and for your support. I would also like to express gratitude to the members of the
Glasgow turtle team, the Pawi Club, the Grand Riviere Nature Tour Guide Association, and the group
from Madadventurer.
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Turtle Conservation 2004
Introduction
Some of the last truly wild areas of Trinidad are to be found within the Northern Range Mountains, and
on parts of the northern coastline. There is no road or habitations along the central strip of this coast for
approximately 22km between the villages of Blanchisseuse (west) and Matelot (east). This area of remote
coastline is interspersed with a number of sandy bays on which several species of marine turtle nest. In
the area between these two villages, the northern facing mountains are still covered in primary rainforest,
and the beaches remain relatively untouched.

Five out of the six species of marine turtle that nest in the Caribbean have been observed on these
beaches. Leatherback turtles are the most prevalent species and nest in large numbers. Hawksbills are also
fairly common although numbers appear to have decreased. Past literature reports that green, olive ridley
and loggerhead turtles have also been seen to nest on this coastline, although there has been little evidence
of this in recent years.

Current reports from around the world indicate profound long term declines in numbers of sea turtles.
This information concurs with the apparent diminution of four of the turtle species using the north coast.
However, from looking into the history of leatherback turtles in Trinidad, there is good evidence of a
recent increase in population, not only on the north coast, but also on the eastern beaches. It is unclear
why this is happening, but it may be due to pressures on nesting beaches elsewhere, e.g. coastal
development and human disturbance. Trinidad is clearly a significant region for nesting leatherbacks, in
the context of serious declines elsewhere.

Until 2000, little research had been carried out on the populations of turtles frequenting the north coast
beaches. This project aimed to study several aspects of the turtles breeding biology, to investigate the
factors affecting hatching success of nests, and to examine the conservation problems of the north coast
area. The project is largely centred on the participation of several local NGOs who were fundamentally
involved in the research.

Overview of the 2004 field season
The 2004 field season was a successful one. This year we continued with the programme of beach visits
begun in 2000 between Matelot and Blanchisseuse, patrolling and collecting data on the nesting
leatherbacks, and any other turtles that came up to nest. There were more hawksbills this year, but see
didn’t see any adult olive ridleys or greens. We did dig up two green nests however, so we know that they
- -
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are present. The leatherback numbers were lower than in 2003, which was a particularly busy year, but
about the same as in 2002. A new development this year was that we began tagging the leatherbacks. We
went on a training course with Nature Seekers based at Matura, along with our Matelot counterparts, the
Pawi club, and learned to both pit tag and flipper tag the adult females as they came up to nest. This was
an important step to learning more about the inter-nesting and inter-season movements of the
leatherbacks, as well as other aspects of their nesting habits. Tagging is also important for the long term
monitoring of the population.

The other focus of the trip this year was a study on the effects of the
nest environment and temperature on the fitness of the hatchlings.
This produced some very interesting results, which are discussed in
section 7. We collected hatching success data and excavated nests
when they began to hatch in early June. The average number of
viable eggs in each nest was 73, and the mean hatching success of
the nests that were seen to hatch was 73.9%. An interesting find was
a two-headed leatherback hatchling – it was found dead inside its
shell (figure 1). Further investigations are going into the hatchling.

Figure 1: two-headed leatherback
hatchling

We monitored adult slaughter, strandings and bycatch in the area. Now, after the fourth year of the
project, there are sufficient data on strandings, to analyse the extent of incidental catch of leatherbacks by
the local gillnet fishery. This information is being used along with information gained from interviewing
fishermen. This will be reported here as a summary, and published in the coming months. We witnessed
no leatherbacks slaughtered on the beaches - only ones that had washed up from the sea. We did however
witness a number of freshly slaughtered hawksbills on Madamas and Grande Tacarib towards the end of
the season. The remote beaches appear to be used much more regularly than 5 years ago. People go to
camp and fish, and we think that it is these people that have been slaughtering the hawksbills when they
come up to lay. We saw 5 carcasses in total.

This year, the Pawi club were much more heavily involved with the data collection and monitoring of the
leatherbacks, working shifts on the beaches. They were also involved in training up a group of volunteers
that we received from the MADadventure organisation, based in the UK (http://www.madventurer.com).
The Mad-adventurers enjoyed their stay with us in Grande Riviere, and on the remoter beaches past
Matelot, and were a great help in collecting data from our experimental nests. The Mad-adventurers made
a contribution to the Pawi club’s work, which was put into their budget for 2005. The money was spent
on getting the project boat serviced and painted, ready for the 2005 season. In 2005, the Pawi club would
- -
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be working on their own for the first time, and it was important to make sure that they were happy with all
the monitoring and data collection techniques. A recent visit to Trinidad (June 2005) has found that the
Pawi club have been making regular visits to the beaches, tagging and collecting data, with the support of
the Trinidad Government Wildlife Section, who are funding the trips this year. This is promising, and it is
hoped the work will continue into the future.

Tagging work
During the monitoring of the leatherbacks, each turtle was checked for tags, and all old tag numbers were
recorded. 515 leatherback nestings attempts were observed over the season. 19 turtles were already tagged
when we saw them for the first time. 16 of these turtles had been tagged on the east coast of Trinidad by
Nature Seekers. Two of them had been tagged in Granada by Ocean Spirits (23 rd May and 30th April 04)
(J Horrocks, pers. comm.), and one in Cipara, Peninsula de Paria (16th May 04) (Hedelvy Guada, pers.
comm.). We tagged 322 leatherbacks (62% of the total number seen), 95 with PIT tags and Monel (metal
flipper tags) tags, and 227 with Monel tags only. 39 of these were seen to lay again later in the season. Of
those, 9 (11.5%) had lost at least one flipper tag. 38 of the returning turtles were seen laying one other
nest. Only one turtle was seen returning more than once, and she was observed nesting on three
subsequent occasions. Out of 42 tag returns, 5 turtles were recorded on a different beach to where they
were tagged. Four of them moved from Paria to Grande Tacarib, and one vice versa. One turtle tagged on
the north coast was also recorded nesting in Tobago (W. Herron, pers. comm.).
Using the tag return data, the mean inter-nesting period was calculated as 10 days, with the shortest being
8 days, and the longest 14 days (SD = 1.56, n = 22). When the inter-nesting intervals exceeded 16 days, it
was assumed that the intervening clutches had not been witnessed. The observed clutch frequency (OCF)
ranged from 1-4 clutches and the mean was 2.1 clutches (SD = 0.31, n = 39). This figure appears to be
very low in comparison to other studies. This is most likely a result of only observing the majority of tag
return turtles on one occasion. The estimated clutch frequency (ECF) was calculated using the corrected
OCF taking missed nests into account. The ECF ranged from 1-7 clutches and the mean was 3.45 clutches
(SD = 1.81, n = 40). This number also appears to be relatively low, and is probably because over half of
the tag returns witnessed were within one inter-nesting period with no intervening clutch deposit (56%:
n=22). This, and the fact that we could only monitor one beach at a time throughout the season, produced
an underestimation of clutch frequency.

Bycatch Summary
Coastal fisheries pose a significant threat to sea turtle populations globally. Incidental catch of sea turtles
is known to occur in gillnets near nesting beaches in many countries, but is generally poorly documented
with little available data, especially from artisanal fisheries. It is important to investigate these as major
- -
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sources of localised mortality on sea turtle populations, and to look at the role of fisheries in conservation
and management of turtle stocks.

Attempts to reduce bycatch of sea turtles and marine mammals have involved gear modifications, using
more selective methods instead of indiscriminate catching. Most gear modifications have been applied to
commercial trawling and pelagic long-lining, although some recent attempts have been made with setnets.
Other methods for mitigating bycatch are through spatial and temporal restrictions. These approaches do
however raise socioeconomic issues and develop problems with enforcement and compliance.
Artisanal fishing is the main means of employment in Matelot and most other small villages on the north
coast of Trinidad (Grande Riviere relies strongly on tourism). In Matelot, 70% of household income and
food security comes from fishing. Other income is generated by hunting, garden produce, local shop
keeping, and some employment by the government, with enterprises such as CEPEP (Community
Environment Protection and Enhancement Programme). A large proportion of the villagers are dependent
on fishing for their livelihoods.
In Trinidad today, leatherbacks are rarely taken for food, partially due to the protected status of several
important nesting beaches, and the relative remoteness of others. Dangers affecting other stages in the
turtle’s life cycle are apparent. For example, river movements and erosion on beaches threaten nests, and
the predation of young hatchlings by frigate birds, vultures, dogs and sharks is considerable. However, the
most serious threat to the leatherbacks by far is the accidental entanglement of adults in fishing nets.
Bycatch has been heralded as one of the major factors in the decline of other sea turtles populations
around the world e.g. the Pacific leatherbacks (Spotila, 2000), and therefore it is fundamental to learn
from this, and that an attempt is made to reduce the turtle numbers caught in nets in Trinidad. The lifehistory strategy of sea turtles dictates that high mortality rates of adults are highly unsustainable.
There are a number of different fishing methods employed on the northern coastline of Trinidad. These
methods are dependent on the time of year, weather conditions and the species and numbers of fish in
season. Nylon gillnets are used all year round by some fishermen, but differing techniques are employed.
Some fishermen have shorter nets on the surface of the water held in position by weights and floats. Some
nets are placed right down to the seabed. Others hold the net down with anchors making the net rigid (a
set-net), and drift nets are also used. All the gillnet fishing is non-selective, and leatherbacks are treated as
bycatch and a pest. Other species of sea turtles that are caught (hawksbill, green and olive ridley) would
more than likely be brought aboard with the other catch for food or sale. Leatherbacks are unmanageable
due to their large size, and are not deemed as tasty as other species.

- -

10

Most fishermen said that there would be on average 2-3
turtles in their nets every time they fished during the season,
sometimes as many as 8 or 9, especially during the early part
of the season. One fisherman explained that at the start of the
season there were more males present in the waters, and if a
female got entangled, then males would be attracted to her,
and get tangled themselves. Some fishermen claimed to
abstain from fishing during this time due to the high
numbers of leatherbacks in the water and the potential
damage to their nets; it was not worth their while to fish.
When asked how many of the entangled turtles drowned in
the nets there were varying answers. Some fishermen said
that none of them drowned and that they set them all free. It
is thought that these fishermen had concerns about how their

Figure 2 – Matelot fisherman fixing his nets

answers might affect them. Others were more open about
their answers, and the overall view gained was that not many turtles actually drown in the nets. In the free
moving gillnets, it is not difficult for the turtles to get up to the surface to breathe, and they can usually
survive more than 3-4 hours entangled. It was deduced however that leatherbacks were more likely to
drown in drift nets than setnets, since it was more difficult for the turtles to reach the surface. It should be
pointed out however, that delayed mortality or sub lethal injuries from being held in nets for long periods
of time are unknown, and are very difficult to measure. From the beach fieldwork in 2004, 16% of
females observed on the beach (n = 502) had serious wounds to their head and body (not including
superficial cuts from mating and debris on the beach), which could possibly come from being caught and
released from nets.
By the fishermen’s admission (some of them), the main cause of death of the turtles is by their own hand.
They do this by hitting the turtles on the head with a metal bar or a machete. This was verified by
examinations of stranded turtles, the majority of which had caved-in skulls. Whether the turtle gets killed
depends on the degree of entanglement (if the net becomes very tangled then fish often get damaged so
that they cannot be used), and the individual fisherman. The impression that the fishermen gave was that
most of the killing came from frustration at the damage to their nets and the rest of their catch. It was
estimated by the fishermen that approximately 25-35% of the leatherbacks that were caught were killed.

From the information collected from interviews, a rough figure of between 700 and 1100 leatherbacks has
been calculated as being killed per year between Grande Riviere and Blanchisseuse. These numbers will
include both males and females. Considering that the current population estimated for leatherbacks in
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Trinidad is approximately 6000 nesting females this number is unsustainably high. This is also only an
estimate for this area of coastline. The fact that the fishermen mentioned that it was uncommon to catch
leatherbacks in their nets out-with the area described suggests that leatherbacks are only in real danger of
getting entangled directly outside their nesting grounds. If this were true then other areas of high threat
would be on the east coast at Matura, Fishing Pond and Mayaro, and that areas of gillnets fishing off the
south and west coasts would be of lower risk.

The main problems for the fishermen are the damage that the leatherbacks do to their nets, costing them
both time and money. Although some of the fishermen voiced concern for the numbers of turtles dying,
many talked about the frustrations that the large numbers of leatherbacks in the waters caused them.
Many of the fishermen were open to the suggestion of more selective fishing methods that would not
involve harming turtles, although there was some trepidation about how this would be implemented and
whether it would affect the numbers of fish that they currently bring in. If this were going to be the case,
then subsidy would be the only way that would persuade most to move to different methods. One
common suggestion was to do more a-la-vive fishing, which does not affect the numbers of turtles. A
reason why this is not a more common method of fishing currently is the availability of live bait, and the
boat modifications that are required (requires a well connected to the open sea to keep the bait alive).

Conclusions
It is clear that unsustainable numbers of leatherbacks are currently being caught in gillnets on the north
coast of Trinidad. It is important to try to assess in more detail how many individuals are being removed
from the population and the effects of this. Evaluating impact of fisheries can be problematic as it takes
time to detect population changes and highlights the difficulties of knowing what the population size is in
the first place. In some ways, the leatherbacks in Trinidad have an advantage compared to other regions in
that there is a common goal between fishermen and conservationists: both want to catch fewer turtles. It is
important to keep good communication links between stakeholders and have a strong plan of
implementation, high levels of compliance and strategic monitoring for project success.
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The effects of incubation temperature on locomotor performance and
phenotype of leatherback turtle (Dermochelys coriacea) hatchlings in Trinidad
Jamie Fry & Suzanne Livingstone

Figure 1: Protected nest.

Figure 2: Measuring, weighing and running the hatchlings.

Introduction
In recent decades the population of leatherback turtles has declined to such extent that they are listed as
critically endangered by IUCN (2005). Much research is being conducted on both the Atlantic and Pacific
populations, mainly in the form of tagging and beach monitoring, to gauge nesting numbers and attempt
to understand the population dynamics of the leatherback turtle. However, if the leatherback is to be saved
from extinction it is equally important to understand the physiological and anatomical limitations of the
species in infancy to gain an insight into its life history. Marine turtles display environmental sex
determination (ESD), whereby the sex of a hatchling is determined by the mean clutch temperature during
the middle third of incubation (Bull, 1980; Janzen & Paukstis, 1991). Many factors can affect the thermal
regime and nest environment experienced by a developing turtle, including nest position, substrate type,
salinity, height of the water table etc (Mortimer, 1990). This project looked at the effect of incubation
temperature on phenotypic characteristics of hatchling leatherback turtles and, consequently, on hatchling
fitness (measured as locomotor ability), on Trinidad’s north coast Grande Tacarib beach.

Methods
Twenty nests were marked for inclusion in this study at the time of oviposition, and equipped with a
TinyTalk™ temperature logger set to record the nest temperature every two hours for the full incubation
period. As the incubation period neared its end, the nests were fitted with wire mesh and gauze to protect
and capture emerging hatchlings (figure 1). When a nest hatched, twenty hatchlings were randomly
selected. Straight carapace length and width, right flipper length and the hatchling’s weight were
recorded. Each subject was then encouraged down a pre-set, three meter ‘runway,’ and the time taken to
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cover the track was also recorded (figure 2). The following morning each nest was excavated and the
hatching success rates determined.

Results / Discussion
The incubation period was found to decrease in direct relation with the mean incubation temperature, as
expected, since higher temperatures commonly result in faster embryonic development in reptiles (Shine,
1999). A great deal of within- and between-nest variation was found in all phenotypic characteristics and
the locomotor ability of hatchlings. However, since no nest attained the ‘pivotal temperature’ for 50:50
sex ratio it is likely that all hatchlings studied were male, and that Grande Tacarib beach displays a malebias in the sex of leatherback hatchlings. No correlation was found between hatchling fitness, weight,
carapace length or flipper length and the incubation temperature, though carapace width was found to be
positively correlated with the temperature regime during the final third of incubation. Hatchling fitness
was also found to be positively correlated with the hatching success of the nest in which it developed.
To further ascertain those factors influencing hatchling fitness the allometric relationships between
phenotypic variables were studied. Allometric relationships give a universal norm on which animal design
can be based. Deviations from the set relationships highlight trade-offs within the organism’s body plan
that may be adaptive (Schmidt-Nielson, 1984). This sample of leatherback hatchlings displayed trade-offs
between carapace width and weight, and carapace width and length. Overall hatchling size was positively
correlated with fitness i.e. larger hatchlings were capable of faster movement, and flipper length was
found to be the most likely controlling factor on locomotor ability of the factors measured. Carapace
width appears to play an integral role in scaling the development and body plan of the hatchlings. It was
the only variable found to be positively correlated with the mean nest temperature and may be responsible
for the dimensions of the other phenotypic traits measured, as suggested by the correlations with weight
and carapace length. Carapace length may then be responsible for the flipper length and development
once body size has been determined.
Further study of development and fitness in leatherback turtles should include geographically distinct
beaches in order to investigate the effects of nest environment and differences between male and female
hatchlings. Numerous variables could be researched including hydric regime, substrate, infestation, nest
depth, shape and metabolic heating. It would also be preferable to include measurements of other
anatomical features, including the flipper area, to unravel some of the relationships in hatchling
development and locomotor ability. A larger sample size would also aid interpretation of these results and
help validate the conclusions drawn, while a study of aquatic locomotion would decide whether terrestrial
fitness was indeed an adequate gauge of hatchling fitness.

- -
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Reports of the Frog Reproductive Ecology Team 2004
J.R. Downie

Frog reproductive ecology team: Clockwise from left: Eilidh Graham, Michael Jowers, Roger Downie, Naomi
Barron, Roisin Campbell-Palmer, Nicola Rae and Agata Weydmann.

The reproductive ecology of amphibians has been a theme of Glasgow University Trinidad Expeditions
since the first one in 1989, and this sequence of work has generated not only expedition reports but a large
number of scientific papers. The 2004 season was probably the most difficult in my experience.
According to local natural historians (personal communication from Victor Quesnel) the rainy season had
started about 6 weeks early, in mid April rather than the end of May/start of June as would have been
normal. A consequence was that many species appeared to have finished breeding when we arrived in
late June, so that even when it rained heavily, there were fewer spawnings than expected, even though
numbers of calling males could be high. All this meant that there was a lack of early developmental
stages for many species and a lack of tadpoles. We therefore had to concentrate our efforts on the species
which tend to breed throughout the season: the stream frog, Mannophryne trinitatis, the tungara frog,
Physalaemus pustulosus and the whistling frog, Leptodactylus fuscus.
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M. trinitatis (Image: A.Watt)

P. pustulosus (Image: L.Allan)

L. fuscus (Image:L.Allan)

Studies on distribution of Mannophryne trinitatis
A follow-up of work reported by Jowers & Downie (2004). New populations discovered in the Central
Range during 2003 were checked for confirmation: frogs were still present. The Southern Range, which
has suitable habitat has never been shown to have M. trinitatis. This was checked – still no frogs present.

Tadpole deposition behaviour by male Mannophryne trinitatis
Downie et al (2001) showed that male M. trinitatis spend up to 4 days searching for a suitable pool to
deposit the tadpoles they carry on their backs. In particular, they try to locate pools lacking predators (the
fish Rivulus hartii and the freshwater shrimp Macrobrachium carcinus). This year, we tested whether
frogs choose to distribute their tadpoles into a single or several pools, when predator-free pools are
available. Male frogs were captured in the field, then transported to our laboratory and released into a
tank containing a choice of two small and one larger predator-free pools, each containing clean water. Of
the 13 frogs observed, only 4 chose to deposit all their tadpoles in a single pool and 2 of these had small
numbers of tadpoles at the start of the observations (in the field, frogs may have deposited some tadpoles
before capture, and they sometimes deposit one or more in the capture-container before reaching the
laboratory – a journey of 1-2 hours). Results are in Table 1.

Frog
1
2
3
4
5
6
7
8
9
10
11
12
13
TOTALS

Number of tadpoles in each pool
Large
Small, front
Small, rear
6
1
1
3
0
0
0
4
0
2
0
3
9
1
1
8
0
0
4
1
0
0
8
0
3
5
3
5
3
1
4
2
1
8
2
2
3
0
2
55
27
14
Table 1: Tadpole deposition behaviour
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Clearly the biggest number of tadpoles overall was in the large pool. The pools were polythene tubes: the
large one was rectangular with surface area 315cm2, perimeter 72 cm and water volume 2 litres; the small
tubs were circular with surface area 133 cm2, perimeter 41cm and water volume 500ml. A possible
interpretation is that differences in numbers deposited are related to a measure of pool size, possibly
perimeter, since the male frogs sit on the pool perimeter when depositing their tadpoles.
Numbers per pool type corrected for three measures of size are shown in Table 2. The numbers
themselves are not important, but it is clear that relating tadpole numbers to pool size does tend to reduce
the differences between the pools.

Pool size
Measure

Pool
Large

Small, front

small, rear

Perimeter

0.76

0.66

0.34

Surface area

0.17

0.20

0.11

Volume

0.028

0.054

0.028

Table 2. Tadpole numbers per pool related to measures of pool size

The main result from this experiment therefore is that there does appear to be a tendency for male frogs to
distribute their tadpoles to several sites: three deposited to a single pool; three to two pools; but seven
used all three pools. There is also a tendency for the largest number of tadpoles to be released into the
largest pool: eight out of 13 males deposited more tadpoles in the largest pool than in either of the two
smaller pools. The three pools all contained clean water and no shelter. Another factor that could
influence deposition behaviour is whether the pools contain food and shelter for tadpoles. Where M.
trinitatis tadpoles normally live (forest streams with little primary productivity), it is believed that the
tadpoles feed on plant detritus. Our second deposition experiment offered male frogs a choice of two
two-litre rectangular pools, one with clean water and the other containing water with the kind of leaf litter
found in the natural habitat of these frogs, The results are shown in Table 3.
Frog
1
2
3
4
5
6
7
8
9
10
TOTALS

Clean
0
5
6
5
5
0
0
7
3
0
31

Leaf litter
9
0
3
0
0
7
6
2
0
9
36

Table 3. Tadpole deposition in clean versus leaf-litter-containing water
- -
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Although more tadpoles were deposited in the leaf litter pool than in the clean pool, the difference is
unlikely to be statistically significant given that 8 out of 10 frogs in this experiment deposited all tadpoles
in a single pool: the choice of that pool therefore determined overall numbers, and appears to have been
random (four all in the clean pool; four all in the leaf-litter pool). There is no evidence from this
experiment that pool contents influences deposition choice.

Natural food sources for M. trinitatis
Streams where M. trinitatis tadpoles are found contain
Leaf litter

large amounts of rotting leaves but are in the middle of
forest with very little light and limited primary
productivity. We have also found tadpoles deposited in
tree holes and seed pods – locations where the water
level can be very low. We therefore tested the ability
of tadpoles to grow in a range of conditions. Weighed
tadpoles were grown individually in 500 ml round
polythene tubs containing a) 400 ml clean water +
small pinch of fish food flakes added daily b) 400 ml
No food

Fish food

clean water + 30g leaf litter added at start: no further
food c) 20 ml clean water + 30g leaf litter added at
start: water topped up every 2-3 days to prevent drying

Figure 1: Physical differences between
tadpoles raised in different conditions.

out. Tadpoles were re-weighed after 10 days. Results are shown in Table 4.
Condition
Leaf litter food
400 ml water
Leaf litter food
20 ml water
Fish food
400 ml water

weight at start, mg
Mean + SD
43 + 10

weight at 10 days, mg
Mean + SD
176 + 52

44 + 7

70 + 18

43 + 9

140 + 16

Table 4: Tadpole growth under three conditions

Tadpoles grew in all three conditions, but clearly grew best (see Figure 1) where there was plenty of
water to move in, and grew better on the leaf litter diet than on fish flakes. We have previously found that
M. trinitatis tadpoles grow well on a fish food diet, so it was slightly surprising that they grew even better
on leaf litter, even though it is presumably their source of nourishment in the field, since rotting leaf litter
is not usually considered a high quality food source. These tadpoles seem, therefore, well adapted to
utilising the food normally available to them.

- -
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Leptodactylus fuscus: Development
L. fuscus is a burrow foam-nesting species, and previous expeditions have reported extensively on aspects
of its foam-nesting behaviour. This year, we carried out experiments on newly laid eggs, to test how well
they developed if they got into water earlier than normal. The rationale behind these experiments was the
observation (Nokhbatolfoghahai and Downie, 2005) that L. fuscus embryos lack an adhesive gland,
suggesting that it may be normally necessary for the embryos to spend enough time in the nest to reach
the feeding stage, before then emerging into water. (The adhesive gland is used by hatchlings to attach to
surfaces like rocks and vegetation, until the feeding stage is reached.) The results of this work are being
written up for publication and indicate that L. fuscus hatchlings and earlier stages do not develop well if
they enter water; about a day post-hatching, when the large yolk mass has been largely absorbed into the
gut, tadpoles are able to develop well in water.

Leptodactylus fuscus & Physalaemus pustulosus: Competitive interactions.
Tadpoles of these two species are found in temporary pools usually in open ground with little shade, and
they often are found together.

Previous work (Downie & Nicholls, 2004; Langhorne, 2003) has

investigated the interactions of these tadpoles in natural pools and in the laboratory. The natural pool
observations could not be controlled – Downie & Nicholls simply observed fluctuations in water levels
and tadpole numbers in a set of natural pools. We therefore set up a group of semi-natural pools with
known starter populations of tadpoles to observe temperature fluctuations and the rate of growth to
metamorphosis in both single species and double species pools. The results are being analysed for
publication. The experiment was successful in bringing each pool to completion and showed day-time
water temperatures in tropical open pools can be very high - 42°C being recorded on a number of
occasions. Temperatures of this magnitude are generally regarded as lethal for amphibians, but there was
no sign of any resultant mortality. In general, results support previous data in suggesting L. fuscus have a
competitive advantage over P. pustulosus tadpoles.

- -
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Reports of the Monkey Team 2004

L to R: Pardeep, Melissa, Louise
& Rob

At farewell party at Shortman’s: Pardeep, Shortman, Lou, Rob,
Shamo, Mel and

The Glasgow Uni monkey team: Melissa Riley, Pardeep Chand, Rob Critchlow and Louise
Grieves would like to extend their particular thanks to David and Wendy Boodoo of the Trinidad
Governmental Wildlife Department for advice, friendship and support throughout the project and
for sorting out accommodation for us. Thanks also to Sham ‘Shortman’ and Alison Ramsubage
for help, guidance and their constant generosity with their time and friendship and opening their
home and lives to us. Thanks for time and help to everyone from Kernahan Village, especially
Shamo and his family.
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INTRODUCTION
Nariva Swamp
Nariva is Trinidad and Tobago’s largest wetland (Trinidad Government report, 1993), covering an area of
over 6000ha (15000 acres). It comprises state lands including the Bush Bush Wildlife Sanctuary and
Prohibited Area, part of the Ortoire Nariva Windbelt Forest Reserve, the proposed Nariva National Park
and two blocks in the western area of the swamp, demarcated for small-scale agriculture (Ramsar
Convention Report, 1995). It is an area of great biodiversity and an important habitat for several species
of national and international significance.
It is estimated that some 60% of Trinidad’s mammal species inhabit Nariva Swamp, including the whitefronted capuchin monkey, red howler monkey and manatee. In addition, it also supports 75% of the
island’s avian species, 30% of its reptiles and 28% of its amphibians (Nathai-Gyan, 1996). Nariva is an
important habitat, internationally, since it supports many rare, vulnerable or endangered species of plant
and animal, such as the manatee and anaconda and is also home to appreciable populations of many of
these species, as is the case with the white-fronted capuchin monkeys. It is also a habitat for many plants
and animals at critical stages of their biological cycle. Waterfowl, indicators of wetland values,
productivity or diversity, are also found in substantial numbers in Nariva swamp. The swamp also
supports a large proportion of the local human communities that surround it. Many are directly dependent
on agriculture, fishing and game hunting in the swamp. They hunt game species such as the agouti and
wild hog, fish commercial species such as cascadura, conch and crabs and farm rice, watermelons,
peppers and tomatoes (Brown, 2000). Both human and animal populations are dependent, indirectly or
directly, on the wetland and the requirements of the two are not always compatible.
Since the 1930’s, there have been numerous strategies by local and national governments to balance the
economic needs of local communities with the environmental integrity and stability of the Nariva
Wetlands. During the 1980’s the Wildlife Section of the Forestry Division re-acknowledged the need to
create an effective, integrative program of lobbying to harden government policy on the ‘reckless’
environmental destruction caused by excessive economic activity within Nariva (Brown, 2000). Nariva’s
status as a globally important wetland was confirmed on December 21st 1992, when it was designated for
the Ramsar list of Wetlands of International Importance. This provided a valuable tool in generating
national government, NGO and local population interest, concern and policy for the area.
This, however, was not the end of the story. In 1993, during the Kushiro Conference, the government of
Trinidad and Tobago submitted a formal request for Nariva Swamp to be included on the Montreux
Record: a register of Ramsar sites where adverse changes in ecological character have occurred as a result
of technological developments, pollution or other human interference (Ramsar Convention Report, 1995).
- -
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This was due to the increase of damaging pressures in Nariva; unsustainable hunting, over-fishing, the pet
trade and the destruction of habitats for expanding illegal commercial agriculture (Kenny et al. 1997).
In March 1993, the Government of Trinidad and Tobago declared the majority of Nariva to be a
prohibited area. This piece of legislation was seen by the Wildlife Section as being ‘one of the most
significant conservation decisions ever taken in Trinidad and Tobago’ (Trinidad Government report,
1993). This provided a legal recourse for enforcing the eviction of the illegal large-scale rice farmers by
newly employed game wardens. In July 1993, it was estimated that two-thirds of the Nariva wetland had
been altered by the activities of five persisting large holdings in the swamp (Brown, 2000). By 2002, the
culmination of a cooperative public-private lobbying effort by the Wildlife Section, NGOs such as the
Wildfowl Trust, and the local and national media led to Nariva’s removal from the Montreux Record.
This was hailed by Ramsar as a remarkable achievement and Trinidad and Tobago was officially
congratulated for these positive developments (Ramsar Convention News Bulletin, 2002).
Farming, hunting and fishing continue in Nariva but on a more manageable, controlled, transparent and
sustainable level. However, this continues to be closely monitored to ensure that animal populations
remain viable and the hydrological system that underpins Nariva swamp is not disturbed any further.
Many animal populations have been severely disturbed in the past through habitat destruction and
fragmentation and it is vital that research is carried out to determine their viability and chances of future
survival. This is one reason why Glasgow University was asked to carry out a population count of the two
primate species in Nariva. It is also thought that there might be a growing trade in monkey meat and pet
monkeys and thus monkeys may have been hunted or taken from Nariva (D.Boodoo, pers. comm.), as a
covert alternative to rice farming, possibly involving some of the evicted squatters. Dangers to important
species such as the monkeys impact on another important issue for Nariva: Ecotourism.
Nariva swamp has great potential to gain from the rapidly expanding ecotourism industry. Its
biodiversity, which includes some very ‘attractive’ and rare species, such as the white-fronted capuchin
monkeys, red howler monkeys, manatees and some 171 bird species, is world-renowned and attracts
tourists for regularly conducted eco-tours. Properly managed, non-invasive activities, such as nature
walks and bird watching tours can help with the conservation of the wetland by providing a good
alternative source of income for local people. Since legislation has slowed the expansion of agriculture
and the over harvesting of Nariva’s resources, small-scale farmers may find that they need to supplement
their income in the face of changing market forces and increasing demands. This can be achieved by
actually helping to conserve the swamp through ecotourism rather than taking resources from it.
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Bush-Bush Wildlife Sanctuary
Bush Bush Island is a sandy, seasonally
evergreen forested island of approximately
1500 ha, found in the Southern part of
Nariva swamp (Figure 1). It forms the
major part of the Bush Bush Wildlife
Sanctuary, which covers just under a quarter
of the area of the swamp and includes the
Bois Neuf Forest as well. These true
hardwood forests are the only completely
protected areas of the swamp, and have been
from the time that the Sanctuary was created
in 1968. As such, the removal of plants and
hunting are not allowed in these areas. Bush

Figure 1: Map taken from Phillips et al. 2003.

Bush was also declared a Prohibited Area in
1989, thus entry is only allowed by permit and under restricted conditions (Brown, 2000). During the
rainy season there is too much water in the swamp for access to Bush Bush Island on foot and a boat is
used to gain entry via a narrow canal. Both primate species found in Trinidad range all over Bush Bush
and Nariva swamp but for practical reasons (accessibility mainly), our study concentrated on the area of
the island known locally as ‘Little Bush Bush’, a circular area on the middle-eastern side of Bush Bush
Island delineated by a fire trail around the area, excavated to prevent the spread of forest fires. Little Bush
Bush is also the main tourist attraction of the sanctuary.

Trinidad’s primates
There are two species of primate found in Trinidad: the red howler monkey (Alouatta seniculus
insulanus) (Figure 2) and the White-fronted capuchin (Cebus albifrons trinitatis) (Figure 3). The species
found in Trinidad are thought to be endemic, and their subspecies status is indicative of important
behavioural and genetic differences from their mainland conspecifics. There has been little previous work
published on Trinidad’s primates and thus they are not well known. Population surveys have previously
been carried out by Neville (1976), Agoramoorthy & Hsu (1976) and Phillips & Abercrombie (2003).
Red howlers are currently listed as Vulnerable by the IUCN, whilst white-fronted capuchins are listed as
Critically Endangered (IUCN Redlist). This listing reflects the differences in the spread of the primates
across Trinidad, as capuchins are much more restricted in their distribution than the howlers.

In recent years, increasing pressures on these primate populations from hunting, habitat loss and habitat
fragmentation, through logging and agricultural development, have been conducive to a large reduction in
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their numbers all over Trinidad (Phillips & Abercrombie, 2003). These are considered to be primary,
short-term threats to both howlers and capuchins, although howlers are reputedly more adaptable than
capuchins and can survive in smaller patches of forest. As primates play an important role in maintaining
ecosystems via seed dispersal, plant pollination and as prey, if they were to be lost from their remaining
habitats across Trinidad, the overall health of the ecosystems could suffer (Jernvall & Wright, 1998). It is
therefore vital that the issues surrounding the future survival of these primate populations are addressed,
before it is too late.
The

red

howler

monkey

(Alouatta seniculus insulanus)
(Figure 2) is the larger of the
species of monkey found in
Trinidad. The hair of the red
howler monkey is coarse and is a
deep reddish-brown colour. It
has a prehensile tail, which it
uses like as an extra limb and a
roar, which can be heard for
distances of more than a mile.
Diurnal, the red howler monkey

Figure 2: Howler monkey (L. Allan)

Figure 3: Capuchins (M. Riehle)

spends almost its entire life near the top of the forest canopy, where food is abundant. Its diet is mainly
fruits, seeds, nuts, leaves and flowers. Howlers have the wider species distribution across Trinidad,
(Figure 1) (Bacon & Ffrench, 1972), In Nariva Swamp, Phillips & Abercrombie (2003), found five
troops of howlers totalling 34 individuals on Bush-bush, a further two howler troops with 7 individuals in
the surrounding swamp. They concluded that in comparison with the earlier studies of Neville (1976) and
Agoramoorthy & Hsu (1995) howler populations had changed little in numbers or distribution across
Trinidad and were deemed to be stable.
White-fronted capuchins (Cebus albifrons trinitatis) vary in colour from light to dark brown (Figure 3).
They have a dark brown wedge-shaped cap, yellowish underparts, and a prehensile tail. They are medium
sized and weigh between 2.5 to 5kg. They are diurnal and arboreal, preferring the middle strata of the
forest (15-30m). They feed primarily on fruit, nuts and berries but will also feed on insects such as
beetles, as well as on nestlings, birds and eggs. Recent data obtained for capuchins in Trinidad showed a
startling decrease in numbers in some of their former strongholds such as Trinity Hills in the south of the
island (Phillips & Abercrombie, 2003) but a three fold increase in Nariva, when compared to previous
studies (Agoramoorthy & Hsu, 1995). We wanted to follow up on this observation and those by a team
from Glasgow University in 2003 to determine whether the population on Bush-bush is indeed stabilising.
- -
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Glasgow University Expeditions and Primate Studies
In 2003, a study of both the capuchins and red howler monkeys on Bush Bush Island by students from
Glasgow University was launched. The initial idea for this project arose in conversation between Dr. J.R
Downie (Glasgow University) and David Boodoo, the Wildlife Division staff member in charge of the
Nariva area. He was keen to see a follow up to Dr. Kimberley Phillips’ (Hiram College, USA) work.
They spent a total of 21 days in Bush Bush; mapping Little Bush Bush with floral study, conducting
population censuses of both the white-fronted capuchins and the red howlers, and a behavioural study of
one of the troops of capuchins on the island. The study concluded that whilst population numbers of red
howlers have changed little since 1995, the population numbers of capuchins appear to have increased.
This was taken as an encouraging sign that the measures taken to afford their protection may well be
working, for the time being.
This year’s expedition aimed to follow-up on the work done in the 2003 expedition by:


Conducting population surveys of the accessible white-fronted capuchin troops, in order to compare
with previous years’ work. Continuity of research is extremely important for this kind of study and
we all decided that another population study would lend more value to the results obtained in 2003
as we could check whether the populations were declining, stable or increasing.



Undertaking behavioural studies on white-fronted capuchins on Bush-Bush: we aimed to learn as
much about the Boathouse troop as possible by capturing their behaviour on video. This was
designed to build on knowledge already gained during the study by Glasgow University in 2003.

Time budget of research in Nariva Swamp
A total of 368 man-hours were spent in Nariva divided over 23 days of field research involving four field
researchers. Generally, work in the field was limited to 4-hour blocks due to the demanding
environmental conditions encountered in neo-tropical rainforest and mangrove swamp areas. These 4hour study periods were divided into: 2 x 15 minute boat access, 15 – 30 minute location of appropriate
species and troop for study, 2 - 3 hours observation and filming. The times of day in which we entered the
field were initially planned to range between 6am and 6pm to achieve a comprehensive time-budget
analysis. However factors beyond our control, such as our guide’s other commitments, led to the majority
of study periods falling between 8am and 2pm. We also spent approximately 48 man-hours with the
community of Kernahan, over 4 days, interviewing individuals about their attitudes towards the
conservation of the primates and their habitat (see later section).
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Population Census
It should be noted that this season was a particularly difficult one for observing monkeys. We found that
on numerous occasions, the monkeys were completely absent from the forest – we did not hear any
vocalizations. It is possible that the unusually dry rainy season this year drove the monkeys further into
the swamp seeking damper climes, where it was not possible to follow them. The knowledge of our
guide, Shortman, was therefore, essential for the population census, as he could locate capuchin troops
(and howlers) extremely accurately if they were in the swamp. Once a troop was traced, the number of
individuals could be counted and, as accurately as possible, their sex determined. Sex was ascertained
visually by the presence or absence of the conspicuous external genitalia found in males. Age (juvenile or
adult) was largely decided by the size of the monkeys and on the advice of Shortman. Infants were
obvious and were classed as juveniles. Young, but not infant, monkeys were generally noticeably smaller
than their adult counterparts and more mobile and curious. Some adults were easily identifiable as
individuals since they looked weathered, with denser coats and more visible scars.

Our population survey this year revealed that there
were 44 individual capuchin monkeys on Bush Bush
island. Three troops were identified (see Figure 4),
at Kernahan (KT), Big Bush Bush (BB) and at the
‘Boathouse’ (BH). These troops consisted of 13
individuals (KT), 15 individuals (BB) and 16
individuals (BH). Table 1 shows these numbers in
relation to those counted in previous studies and
indicates that for now, the numbers of capuchin
monkeys are stable:

Study

BH
Cebus albifrons

BB
KT

Troops

Monkeys

Agoramoorthy & Hsu (1995)

1

8

Phillips & Abercrombie (2003)

3

31

Glasgow University (2003)

3

42

Wildlife Sanctuary (modified from Aitken, 1973), with

Glasgow University (2004)

3

44

locations of 3 capuchin troops.

Figure 4. A map of Nariva Swamp and Bush Bush

Table 1: Numbers of capuchins in Nariva

- -

26

Behaviour in the Boathouse capuchin troop
The first two study periods in the field were spent observing the Boathouse troop and deciding upon the
best way with which to capture this on video. We did some practice filming and tried to work out how
best to ensure that we would be able to capture the whole range of their behaviour when the study actually
began. This was extremely challenging as it seemed that as soon as we committed to filming a particular
individual, other individuals would also be doing interesting things nearby, and clearly, it would be
impossible to capture it all! We therefore decided that we would concentrate on studying and capturing
feeding behaviour only. By limiting ourselves in this way, we decided that we would be able to get good,
detailed descriptions of this behaviour rather than imprecise data about a whole variety of behaviours.
Accordingly, our methods involved locating the troop, finding individuals that were feeding or about to
start feeding, setting up the camera and then filming them for the duration of their feeding bout. We timed
how long they fed on a particular food type for and followed individuals to look for patterns in feeding
behaviour.
Thanks to Shortman’s knowledge of this troop we were able to learn to distinguish some individuals from
other members of the troop:


BIG RED – Dominant male, large, red coat, weathered, scar on chin – left of middle.



PORKCHOP – Subdominant male, large build, weathered, hollowed face.



ROMEO – Adult male, large, in good condition, back and tail very grey, two eyebrow spots,
“seam” on underside of chin.



OPHELIA – Older female, fluffy face, big and prominent nipples.



CHARLOTTE – Younger female (adult), less shabby than Ophelia, smaller nipples.

Being able to single out these individuals from the rest of the troop made studying their behaviour easier
than for the others as we were able to follow them and collect data continuously. We found that by doing
this we would often also capture other interesting behaviour, such as interactions between individuals
during feeding or interactions with other species. It should be noted that females were generally more
secretive than the males and were seen less often.

‘Porkchop’ and a young juvenile monkey from the boathouse troop (Images: A.Watt)
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Feeding behaviour
Unlike howler monkeys which are known to be
very selective and vegetarian in their diet,
capuchins were able to make exploit a wide range
of available food to take maximum advantage of
their varied environment. They fed principally on
fruit and berries of cocorite palms (Figure 3) and
matapal trees (pitch-apple) but also foraged for
insects found in the bark and on leaves of several
other species within the swamp (Table 2).
Monkeys have very fast handling times for fruit
and berries (for example on one occasion we
observed Porkchop, the sub-dominant male
forage, handle and consume 3 cocorite palm nuts

Foraging areas

Food

Cocorite (Attalea maripa)

Palm-nuts

Matapal (Clusia rosea)

Berries

Moriche & Traveller’s Palms

Insects

Redwood (Guarea guara)

Insects

Hogplum1 (Colubrina texensis)

Fruit & insects

Mahoe (Melicytus macrophyllus)

Insects

Ceret

Insects

Bamboo

Insects

Cannonball trees

Insects

Swamp mudflats

Conch

Canopy

Nesting Bird

Table 2: Feeding noted in capuchins in video recordings

in 55 seconds whilst also remaining vigilant) and were seen to spend up to seven minutes continuously
feeding on these. Monkeys were seen to switch feeding from Cocorite palm nuts to the matapal in midAugust. This is likely to reflect the relative abundance of food available in the trees according to seasonal
fruiting. The monkeys were still observed to feed on the cocorite palm trees but feeding techniques;
reaching into the centre of the bundles and crumbling away the dead matter suggested they were foraging
for insects rather than palm nuts.

Eating and handling of insects was more complex: monkeys were methodical in their pursuit of these,
exhibiting a variety of ingenious techniques to extract them from hiding places in bark etc…Video
footage records monkeys breaking and chewing branches open, chewing and ripping bark away from tree
trunks and branches, rolling up leaves to use as straws and even channelling insects onto rolled up leaves,
folding them and consuming these (an insect-leaf tortilla wrap!). When feeding on insects, in spite of the
increased handling time involved, feeding bouts lasted for roughly the same amounts of time. Most
feeding took place in the middle canopy of the forest. The capuchins rarely used the upper levels and only
adult males would venture down to the lower canopy. On these occasions they would be actively foraging
for insects. We also observed an adult male walking bipedally on the ground to look for insects. He would
pick individual insects then retreat slightly up the tree to eat. However, on one particular occasion, a
juvenile was seen feeding in the lower canopy, breaking bamboo to collect insects.

1

Drinking was very rarely observed though we did see a juvenile male drink from the trunk of a hogplum tree. He
reached down into a hole in the trunk, and then sucked the water from his arm/fur.
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Particularly in the afternoons, the troop would venture further into the swamp and could be heard
knocking conches on stones to extract the soft snail within. We saw evidence of feeding on these in
broken shells brought back onto the island in areas used by the monkeys. Local guides also reported
seeing the monkeys feeding on conches regularly.

We noted more instances of juveniles feeding, with young monkeys feeding for longer and for higher
proportions of their time budget (Average feeding times: juvenile 8 min; adults 5 min). When juveniles
and adults feed together, the adults tend to stop feeding first. This suggests that young monkeys rely on
the vigilance and warning vocalisations of the older, more dominant and experienced monkeys in the
troop. Feeding was always accompanied by vocalisations and in adults of both sexes, was usually
interspersed with vigilance, which involved scanning the surrounding area. The dominant male, “Big
Red”, fed considerably less than the rest of the troop and spent more time being vigilant.

Vocalisations
Monkeys exhibited a variety of vocalisations. We defined these as follows for recording types and
interpreted them according to the behaviours they were most often associated with:
Call

Description of sound

Associated behaviour

Interpreted function

SQUAWK

Loud or quiet, gravelly

Feeding

Communication

PEEP

Soft continuous sound

Feeding and in general

Communication

SQUEAK

Loud high-pitched

Fighting

Conveys distress

SCREAM

Loud aggressive call

Fighting and aggression

Confrontation, intimidation

LOST CALL

Soft, hollow sound

Separation from troop

Communication

Interactions
Monkeys exhibited a range of interactions; with one another, with other primate species, and with other
animals in the swamp. We defined observed interactions as “grooming”, “non-aggressive”, “fighting” and
“aggressive” according to the following:

GROOMING: We observed grooming in all levels of the canopy, as compared to the field season of 2003
when monkeys spent the maximum of the grooming time in the middle canopy (Riley, 2003). The average
time spent grooming was 4 minutes The capuchins stay in very close contact while grooming, often
adopting “tangled” positions. This made it difficult to see who was grooming whom. It may be the case
that it occurs simultaneously, although there were also definite cases of one monkey doing all the
grooming. Although there seemed to be little conclusive evidence of dominance hierarchy in terms of
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how long was spent grooming individuals according to ‘importance’ in the troop, the dominant male ‘Big
Red’ was never seen grooming another monkey.

NON-AGGRESSIVE: any peaceful interaction that occurred between capuchins and also between
capuchins and other species. Includes playing, resting, feeding. Playing was also sometimes solitary.
These were most common amongst juveniles and usually involved between sexes interactions. Examples
include observations of: 2 juvenile males feeding in matapal tree alongside howlers, 1 male feeding in
same tree as howler, feeding on same berries, 2 juvenile males chasing each other into the swamp,
juvenile male and juvenile female in cocorite tree, playfully “tugging” and “fighting” with no
vocalisations; two juveniles (male and female) feeding on insects in cocorite tree, very close together.

AGGRESSIVE: any behaviour directed towards other species (humans, macaws, howlers) which
involved antagonistic vocalizations but not necessarily physical contact. These most commonly involved
adult males and often appeared to be directed to ‘protecting’ the troop from competition or threat.
Aggressive behaviour, either towards us or each other, was not always accompanied by vocalizations.
There were, however, usually facial expressions. The most common one was an open-mouthed stare. This
sometimes included bared teeth. Examples recorded include: A squeak from a juvenile caused 2 adult
males to run over us. The males were then highly aggressive towards us – baring their teeth, shaking
branches and screaming. We were confronted on several occasions by non-vocalising staring adult males
that also shook tree branches and bared their teeth. Juvenile males would also bounce up and down on
branches baring their teeth. Adult males were seen “harassing” macaws in the upper canopy and on one
occasion an adult male chased a howler from the middle to the upper canopy. This came after a recent
absence of capuchins in the forest and perhaps indicated that the howlers had taken advantage to shift
feeding territories into areas usually dominated by the capuchins.

FIGHTING: aggressive behaviour between capuchins only. Again, this was dominantly seen in males,
both adult and juvenile. Examples of recorded behaviour seen: 2 juvenile males “squabbling” over
cocorite with lots of vocalisation, biting and nipping. Loud squeaks were heard between 2 adult males that
ran off into forest the followed by another adult male.

It was noted that the monkeys tended to groom less and spend more time being vigilant and appeared
generally agitated when there were large numbers of people in the swamp, i.e. when large tourist groups
were present, it was difficult to film the monkeys as they were aggressive towards us on these occasions.
Although the Boathouse troop are ‘used’ to human presence in the swamp, a significant number of
humans is not without consequence in terms of the natural behaviours exhibited.

- -

30

Community Interviews
On arrival in Trinidad, our team met with David Boodoo of the Wildlife Section to further discuss and
clarify the objectives for our field work. Mr Boodoo explained to us that the local communities
surrounding and within Nariva have been involved at every stage of the planning and implementing of the
various conservation strategies effected over the past years. We thought it would be interesting to find out
how people have responded to the new legislation surrounding the swamp and the fact that they now
require a permit to collect animals and plants. We therefore also conducted interviews with members of
the local community attitudes to the primates and measures being taken for their conservation.
Kernahan village established near Nariva as an ‘unplanned development’ i.e. people moved to the area
and set up a community without access to any amenities, including schools. The result is high levels of
illiteracy within the community, which can lead to difficulty finding employment outwith the area. Many
people in the community are therefore dependant on resources from the swamp, earning a living by
harvesting conch, crabs and fish. Kernahan is deemed to be the most important community to get
involved with conservation initiatives aimed at Bush Bush Island: there are two main points of entry onto
the island – one by water, requiring the use of a boat, the other by foot from the Kernahan. The canal
entrance is fairly well protected but the entry point at Kernahan could be used illegally relatively easily.
David Boodoo introduced us to a selection of individuals from the community of Kernahan who we
interviewed about their attitudes to a variety of issues affecting access to the swamp.
The wildlife section employs locals as ‘honorary game wardens’ and also involves them in reforestation
programs, fire control programs (trails, patrols during the dry season) as well as in the recent Blue and
Yellow Macaw reintroduction program. This, locals generally said, gave them a sense of pride and made
them want to help to protect the island. Getting a permit to enter the swamp to fish or hunt is deemed
necessary and is not so difficult to do so as to inhibit the locals but does seem to deter poachers and illegal
farmers. Now that the area is regularly patrolled, locals do not think that poaching is a threat. Honorary
game wardens feel that their work is well respected in the wider community and that this contributes to
locals no longer taking things out of the swamp illegally.

Interviews with locals revealed that the majority believe that the biggest risk to the animals on Bush Bush
comes from fire. People who have lived in Kernahan for over 30 years said that there was an enormous
difference in the vegetation cover and number of primates from then to now. This is all deemed to be due
to uncontrolled fires during the dry season. People illegally start the fires to clear land for farming and
they spread rapidly throughout the extremely dry vegetation. They feel that the recent drive by the
Wildlife Department to introduce fire control programs and training in the area has been helpful.
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Canadian oil companies have shown interest recently in doing some exploratory drilling in Nariva. This is
at unconfirmed at present but although locals recognise the potential ecological implications, the general
feeling amongst Kernahan villagers was that such a venture would provide welcome jobs and income in
the short term. However, there is also general consensus among locals that they would like to be more
involved in ecotourism, to get an income through this avenue. However, currently there are limited
numbers of tourists visiting the area and they are generally on tours given by a limited number of
operators, that have the means to advertise and market their tours. The villagers feel that ecotourism may
benefit the community at a more local level if they were able to act as tour guides.
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Reports of the Tree frog team 2004

Tree frog team shaking off bugs and mud at Valencia Rd. site: L to R; Jon
Barnes, Jo Smith, Lynsey Allan, Sandy Watt, Jacklyn Buchanan, Michael
Rutherford (and taking photo: Mathis Riehle)

The tree frog team would especially like to thank; the Asa Wright Nature Centre for permission
to work in and around Simla, Ronnie and Linda Hernandez for their help and friendship, (and
Selwyn for keeping us amused). Special thanks to honorary froggers Eileen Smith, Fiona
Thorburn and Kevin Rushton for mucking in, in many cases literally, on so many occasions.
Thanks also to Leeds MSc course students and to Doug Fraser and his team for putting up with
our heavy muddy boots tramping through the house and waking them up at all hours of the day.
At UWI special thanks are due to, in addition to those mentioned in the earlier
acknowledgements, Richard Sukredge for letting us borrow his porometer. In Glasgow we thank
Peter Dominy for his help with interpreting the data on our return.
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Ecology of adhesion in tree and stream frogs
W.J.P. Barnes, M.O. Riehle, J.Smith

Mathis and Jo and tilting equipment

Hyla boans and prop

Introduction
The toe pads of tree frogs are remarkable structures that allow the frogs to adhere to smooth surfaces and
thus prevent falling, yet detach easily so as not to impair the frogs’ jumping ability. The underlying
mechanism of wet adhesion is still not well understood and possible biomimetic applications remain
unexplored, there is a good deal of potential for holding devices using similar designs. Each of the
eighteen toes of tree frogs ends in an expanded toe pad. The area in contact with the surface are covered
in a specialised epithelium which scanning electron microscopy shows consists of hexagonal columnar
epithelial cells, clearly separated from one another at their apices. The surface of the toe pads thus consist
of flat-topped cells separated by a hexagonal array of grooves, reminiscent of the tread pattern of winter
tyres! Similarly hexagonal structures can be seen to form the surface of attachment pads in some insects
(Gorb & Scherge, 2000) suggestive of convergent evolution for their specialised function. Possibly, the
possession of an epithelium where the tips of the cells are separated from one another allows the toe pad
to conform closely to the surface irregularities, while the channels that surround each cell function to
spread the mucus evenly over the surface and, under wet conditions, remove excess water; but these
hypotheses remain to be tested. To date, work on tree frog mechanisms has largely been confined to
biomechanical studies which have demonstrated that it is most likely that the main attachment forces are
due to surface tension forces within the fluid layer between the toe pad surface and the substrate, while
detachment occurs by peeling that is achieved with minimal detachment forces (Emerson & Diehl, 1980;
Green, 1981; Hanna & Barnes, 1981; Barnes, 1999, 2002).

These studies have not been able to determine the effect of distance between the toe pad and the surfaces
to which they are adhering which is a critical factor in the strength of any adhesive joint (Zhu, 1999) and
this has remained a crucial ‘gap’ in the understanding of tree frog adhesion. Researchers at Glasgow have
recently developed a novel method (using Interference Reflection techniques) that will enable us to make
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an estimate of the distance between the toe and the substrate in live adhering frogs. Photographs are taken
of the cells in contact using two wavelengths of light and by examining the way in which the cells reflect
the emitted light estimations can be made of the distance between the pad and the surface. By looking at
the cells adhering under different conditions (e.g. varying the direction and strength of the adhesive forces
that the toe pad is exhibiting, achieved by tilting the microscope from horizontal to vertical) we can
increase our understanding of frog adhesion at a cellular level. It would, for instance, allow the direct
observation of how the cellular structure of toe pad epithelium is deformed under different force
conditions. In such a way, the success of tree frog toe pads in resisting both slipping and falling from
inclined surfaces could be explained by properties of particular structures on the pad.

Before travelling to Trinidad, we had a stand made (to which the microscope was firmly bolted) that
allowed us to tilt the microscope from the horizontal (its normal upright position), through 90 to an
upside-down position. In particular, this allowed us to examine the strategies used by different tree and
stream frog species to adhere as they were tilted from an upright position. At increasing angles, first
frictional and then adhesive forces would be required to stop the frog slipping and subsequently falling
from the surface. The microscope, continuously focused on portions of adhering toe pads, showed images
that allowed us to see how frogs used their toe pads to resist these forces, in particular to observe, in many
species, how increasing proportions of the toe pad surface came into close contact with the substrate.

Summary of data collected:
Observations/measurements were made from 10 hylid tree frog species, 1 leptodactylid species (E. urichi)
often found in shrubs above ground level and 1 species of dendrobatid stream frog (M. trinitatis). In total,
202 series of images were obtained from 35 individuals as listed below:


Eleutherodactylus urichi (5 frogs; 19 series): Images of toe pads during 0-100 rotations; images that show
that palmar tubercles are also in close contact with the substrate.



Flectonotus fitzgeraldi (metamorphosing tadpole): Images taken show that toe pads are well-developed
even before metamorphosis is complete and cells are able to create close contact in the presence of a lot of
surface water. Since this species develops within the water that collects in bromeliads, it is important for
the newly metamorphosed frog to be able to climb on smooth, slippery surfaces immediately.



Hyla boans (1 juvenile and 1 adult; 15 series): Images in juvenile suggest toe pad is well able to form close
contacts immediately after metamorphosis; oily droplets form around the froglet when it begins to
dehydrate. This is also seen under the toes of the adult when the frog has been on the platform for a while.
There are several series of tilts between 0 and 90 for toes, subarticular tubercles, thigh and heel areas, all
of which have cells that appear to be able to create close contact with the substrate. There is no evidence of
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toe pad cells on the subarticular tubercles of this largest of Trinidadian species, as is seen in its smallersized close relative, H. crepitans. Increasing cell area contact with tilt is evident in many instances.


Hyla crepitans (4 adult frogs; 22 series): These include images of the dynamics of mucus pores opening,
several series of tilts from 0-180 - including dynamics of reattachment, slip and return to 0 from 180.
There is also a series of images of metatarsal and subarticular tubercle contact from 0-90, other accessory
areas such as thigh and belly skin show no close contact, even during tilts.



Hyla microcephala (2 frogs; 9 series): These include several series of images of toe pads during 0-180
tilts, and a series of images of subarticular tubercles during tilts from 0-135. These small frogs show little
evidence of change in contact area with tilting.



Hyla minuta (5 adults, 1 juvenile; 25 series in all): As well as series of images of toe pads during tilting
from 0-110 (maximum angle), there is a series of images taken at the circumferal groove around the
margin of the pad showing close contact on both sides of the groove during a 0-90 tilt. Additionally, there
is a 0-110 series on belly skin, and 0-70 tilts on subarticular tubercles.



Hyla punctata (3 adults; 17 series in all): In addition to the toe pads themselves, belly and thigh skin
remain in fairly close contact to the substrate in this species and will aid adhesion. There is also a specialist
area of rough, tubercular skin on the throat that remains in very close contact during tilts. There are several
series of images of 0-180 tilts from toe pads, including one showing good evidence of narrowing of the
channels between epithelial cells as the angle increases. Also, images of 0-90 tilts on subarticular tubercles
and 0-110 tilts on metatarsal tubercles, which are well developed for close contact. Additionally, images
of mucus pore dynamics.



Mannophryne trinitatis (4 adults; 26 series in all): In this, the only stream frog in this study, there is close
palmar contact and subarticular tubercle contact. Our IRM images comprise toe pad series including a
maximum 0-180 tilt; a palmar tubercle series from 0-70; a subarticular tubercle series from 0-100;
dynamics of adhesion at 40.



Phyllomedusa trinitatis (3 adults; 33 series in all): Rather different from other hylids, the ‘monkey frogs’
walk and climb rather than jump and seldom use their belly skin to aid adhesion. Thus this species has
provided us with our best images of the dynamics of toe pad adhesion. As the angle increases from 0-110,
the area of toe pad in close contact to the substrate increases significantly. In some images, shear forces
bring one side of the hexagonal epithelial cells into particularly close contact, as is known to occur in car
tyres during cornering. We also have series showing the cells ability to conform closely to the substrate
whilst sliding over particles in the mucus. Belly skin images show contact only from 0-20. Mucus patches
appear under the pad in optically active globules; and mucus dynamics were seen in some series at low
angles (30).
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Sphaenorhynchus lacteus (4 adults; 25 series): This species is able to stick to 135 with very little contact
at toe pad cell level, perhaps due to small size and surface area increase facilitated by folded skin on belly.
Series of toe pad images from 0-135 (the maximum angle of stick) shoe epithelial cells in neat lines across
the pad. Images were also taken of all accessory areas including belly skin that increases surface area for
contact by a significant amount. Mucosal pits were seen on thighs in SEM images, which appear to act as
points that pull away from the surface forming what looks like small areas of suction beneath the skin! If
correct, this would be the first evidence of adhesion by suction in a tree frog; there is some possibility that
this has hydroregulative function, creating moisture-saturated pockets beneath the frog. There are also good
series of the dynamics of adhesion showing cells attaching, detaching and reattaching continuously.



Scinax rubra (1 adult; 8 series): Very active frog; we have series of toe pad images from 0-100; also
images of subarticular tubercles, palms and thigh all of which are in close contact in this species. There is
not much change evident in this small species.

Results
Obviously, this amount of data represents a huge volume of work in its analysis and much of the data is
still undergoing analysis as shown in the following pages- because of problems due to the use of handmade illuminating apertures distances are difficult to assess without calibration images for every series –
but in the instances where these existed the distances are very close indeed; much closer than would be
predicted for a wet adhesive system such as has always been assumed to be in effect in these frogs
(Figure 1). Furthermore, the analysis package uses an average gray scale value for the darkest area of the
cell for calculations and, as images such as those in Figure 3 show, this area is stippled. This suggests
that surface elements, formerly thought to be residual and non-functional cellular substructures, are likely
to be in even closer contact than these analyses suggest; perhaps even close enough to set up
intermolecular bonds such as those used by geckos. It may be that frogs have a hierarchical adhesive
mechanism: a wet adhesive system chiefly dependent on capillary forces across the whole area of the pad,
becoming more dependent on viscous forces in areas of closer contact across cell apices and additionally
utilising intermolecular forces across nanostructural outcrops, beneath which it seems likely all liquid has
been extruded.

The adhesive mechanism also has a hitherto unsuspected dynamic aspect with pads being able to create
greater contact with increasing pressure on the adhesive system – particularly in larger species. They do
this by bringing greater areas of the cell apices into contact, by an as yet unidentified mechanism (Figures
2&3). The cells are so flexible and deformable that they are able to closely conform around tiny surface
asperities such are presented by small dirt particles without being adversely affected in their adhesion – an
important feature in an unpredictable environment and one which gets round the need for a self-cleaning
system such as seen in geckos.
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Figure 1

INA 1.27

INA 0.77

IRM image of toe pad epithelial cells in Phyllomedusa trinitatis with a x63 oil immersion objective and
illuminating numerical apertures of 1.27 (top) and 0.77 (bottom). With an aperture of 1.27, only the first
interference fringe is seen. The dark areas are closest to the substrate (zero order dark fringe), while the
light areas (the first order light fringe) are next closest. All more distant structures are in grey. The
image shows that all epithelial cells are behaving similarly, with only the upper left part of each cell in
close contact with the glass, possibly reflecting a shear force acting from bottom right to top left. Since
we illuminate with monochromatic light, these images can be used to calculate substrate/pad separation
distances.

For instance, for a first order dark fringe (only seen in lower image - arrow), the

pad/substrate distance d would be given by the formula:
d = /2n
where  is the wavelength of illuminating light(546nm) and n is the refractive index of the mucus secreted
by the pad (1.336). The first order dark fringe would therefore be at a distance (d) of 204nm, and the
first order light fringe (the light areas in the upper image) at half this value. Zero order dark fringes (the
dark areas in the upper image) will represent substrate/pad distances of ca 15nm. From this we can
conclude that pad and substrate will actually touch in many places, resulting in the high frictional force
that we observe when studying whole frogs.
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Figure 2
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The upper figure shows three IRM images of toe pad epithelial cells of Phyllomedusa trinitatis using a
x63 oil immersion objective and INA of 1.27. They are part of a series of images produced during tilting
of the frog from the horizontal (0) to near the vertical (80), at which point the frog slipped out of the
field of view of the microscope, and were taken at 0, 40 and 80. The small plots at the bottom represent
the distribution of light intensities on a 1-256 scale (left), and measurements of the fractions of the images
represented by black (zero-order dark fringe), white (first-order light fringe) and grey (all more distant
objects) (right)
.
The total areas represented by dark, light, and dark+light are plotted against angle of tilt in the lower
graph. The dark area (the area of closest contact – ca 15nm) steadily increases during the tilt, as does
the total area represented by dark+light (areas within 100nm of surface). The light areas (15 – 100nm)
initially increase and then level off, presumably because grey converts to white at the same rate that
white is converting to black.

From image series such as these, we can conclude that one of the ways that toe pads resist slipping and
falling is to increase adhesion by increasing the area of close contact with the substrate. This should
produce increased friction by increasing the number of points of actual contact, and increased adhesion
by viscosity effects (Stefan adhesion) and perhaps even molecular bonding, something never previously
considered for tree frogs.
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The two upper pictures are IRM images of toe pad epithelial cells in Hyla punctata during a series taken during a
tilt from 0-180, the left one having been taken at 20 , the right one at 180. x63 oil immersion objective; INA 1.27.
In this example (typical of the species), toe pad epithelial cells are close to the surface even at 0, and increased
adhesion is achieved by increasing the area of close contact at the expense of the width of the channels between the
cells. This effect is shown graphically in the plot below, which measures light intensity along the length of the black
line in the top left figure at all angles between 20  and 180. As the plot shows, the width of the light area declines
from about 4m at 20 to 2m at 180.
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Adhesion in the stream-frog, Mannophryne trinitatis.
Lynsey Allan

Lynsey & spinning equipment (Image: F. Thorburn)

Mannophryne trinitatis (Image: L. Allan)

Introduction
The extraordinary adhesive abilities of a myriad of tree frog species have been studied in great detail.
There have also been numerous explanations offered; friction (Noble and Jaeckle, 1928), suction (Peters,
1964), wet adhesion (Nachtigall, 1974) and mechanical interlocking (Emerson & Diehl, 1980). Emerson
& Diehl’s (1980) extensive study involving 21 different species from 6 families of frogs concluded that
tree frogs use two mechanisms for adhesion; interlocking on rough surfaces and capillarity on smooth
surfaces. Green (1981) proposed that surface tension is the principal method which tree frogs use when
adhering to glass; suction was proven to be an incorrect hypothesis and discounted. Hanna & Barnes
(1991) provide further evidence for wet adhesion dominated by capillarity.
Adhesion in frogs is related to the frog’s morphology. The toe pads are large disk-like areas on the ventral
surface at the end of each digit, covered in columnar epithelium, the cells of which are hexagonal in
shape. These cells are separated at their apices and flat-topped (Green, 1981). They are therefore enabled
to conform to the shape/irregularities of the substrate - this is necessary for good adhesion. Each columnar
cell is surrounded by a channel. Mucous glands/pores utilise these channels to distribute watery mucus
evenly throughout the toe pad to ensure an even, thin layer of mucus to aid adhesion (Ernst, 1973b). The
channels also remove surplus water under wet conditions (Barnes, 1999; Barnes et al 2002). There is a
high degree of similarity in toe pad structure amongst unrelated frog species throughout the world
(Emerson & Diehl, 1980), and the solutions they have found to the different environmental pressures that
they face appear surprisingly similar.
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Although the adhesive mechanisms of tree frogs have been extensively investigated as described above,
much less work has been carried out on stream and torrent frogs, which also possess toe pads. M. trinitatis
is a terrestrial, diurnal frog commonly found in stream and stream-side habitats in Trinidad, across the
Northern and Central Ranges. Its habitat is usually extremely damp, as humidity in Trinidad approaches
100% at night and is as high as 75% during the day in the wet season (when we carried out our
experiments). In some localities of the Northern Range, rainfall can be as much as 5000mm of rain per
year (Murphy, 1997). In tree frogs, consensus is that of the two forces involved in wet adhesion; the
surface tension of the meniscus around the edge of the pad and viscosity over the pad surface, surface
tension is dominant (Emerson & Diehl, 1980). Thus, when M. trinitatis is in the presence of flowing
water, the meniscus (air/water interphase) would surely be broken and the adhesion of the frog would
then fail. As M. trinitatis is a freshwater stream frog, it will experience these conditions frequently in its
habitat Investigations in (Barnes et al, 2002) suggest that in conditions where frogs are subject to high
flow rates, in spite of the abolition of the meniscus the frogs are still able to adhere. This study aimed to
investigate how this could be the case through an integrative study of adhesion, behaviour, and
microscopic observations of morphology and dynamics. This was undertaken through: measurements of
adhesive performance on a tilting surface following the protocol of Emerson & Diehl (1980); a
behavioural study of the responses to changes to the platform angles (not discussed here for reasons of
space constraints) a scanning electron microscope (SEM) study of the morphology of toe pads and
accessory areas (also not discussed here due to space constraints) and the use of interference reflection
microscopy (IRM) to visualise the toe pads of live adhering frogs (see earlier).

Materials and Methods
Experimental Animals
The frogs used in this study were captured at 4 different sites along the North Coast Road, around the
Maracas area. This helped to ensure that any one population was not being over-exploited and minimised
the risk of capturing the same frog on different occasions. They are found in habitats around streams,
within rock crevices and on areas covered with leaf litter. The frogs were all captured between the months
of June and August, during the wet season. Frogs were housed in vivaria with a substrate of leaf litter
(taken from the collecting site), rocks to hide beneath and tubs of dechlorinated water. They were
sprayed daily to keep the atmosphere humid, fed on fruitflies and kept, at the very most, for a week.
Morphometric Measurements.
In the laboratory, basic body parameters were measured for each individual frog: the frog’s mass, various
length measurements including most snout-vent lengths (SVL), toe pad area and the total ventral surface
in contact at 90°. Measurements were taken by using an Olympus C-765 camera to take a photograph of
the ventral surface of the frog in a Petri dish with a 1mm grid (graph paper photocopied onto acetate), and
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then using the image-analysis program “Image J” to calculate the desired parameters. We chose this
method as it combined accuracy and much less stress for the frog when compared to direct calliper
measurements.

Measurement of Adhesion.
The measurement of shear and adhesion force was achieved by using a kymograph to power the rotation
of a wooden platform. The platform rotated from 0 (horizontal) through to 180 (upside-down). There
was a weight tied on to the platform to counterbalance the platform weight to ensure a smooth rotation.
The angle of the platform was measured by means of a circular protractor attached to the platform. The
horizontal angle was periodically checked with a spirit level to maintain accuracy. Four different boards
were attached to the wooden board to assess the response of frogs to different degrees of surface
roughness. One board was made of glass, and the other three were Perspex boards covered in a thin, even
layer of Ballontini glass balls of various sizes; 0-50µm, 40-60 µm and 1000-1250 µm (N.B. throughout
the results, particle size 0 refers to a smooth glass substrate with no beads). Tests under variable
conditions of wetness were carried out by directing a water flow of known volume, over the various
boards. The apparatus consisted of a large container filled with dechlorinated water, with a tap at the
bottom. Rubber tubing connected this to the rotating platform. The volume of water was kept constant by
the use of a Hoffman clip, and by keeping the container as full as possible. The volumes of water used
were 133ml min-1 (the smallest volume possible to ensure complete coverage of the platform) and 1240ml
min-1 (the greatest we could achieve with the apparatus). The 3 different flow rates – 0ml/min,
133ml/min, 1240ml/min, will be categorised as ‘zero’, ‘low’ and ‘high’ flow respectively.
Two people are required to carry out experiments accurately: One person is in charge of placing the frog
on the platform, ensuring it does not jump off, and shouting “slip” when the frog initially slips, and “fall”
when the frog falls from the rotating platform. The other person sits facing the protractor, ready to read
off the angle where the frog slips or falls. When the frog falls off, it falls into a tub of water and leaves to
minimise the risk of injury. Each frog underwent 10 rotations, at each rotation the angle of first slip (0˚ –
90˚) and the angle of fall was taken (0˚ - 180˚). Slip (shear) and adhesive forces can then be calculated as
follows; Shear Force (mN) = cos (90 – θ1) × body mass × force of gravity (θ1 = angle of slip), Adhesive
Force (mN) = cos (180 – θ2) × body mass × force of gravity (θ2 = angle of fall).
Scanning Electron Microscopy (SEM)
From a single female frog, previously fixed in glutaraldehyde, both feet were sampled, together with
patches from the thigh, the stomach and the chin (accessory adhesive areas). Samples were rinsed in 0.1M
phosphate-buffered sucrose, followed by immersion in buffered 1% osmium tetroxide for one hour. After
washing in distilled water, tissues were taken through to full dehydration in an alcohol series and critical
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point drying from CO2. The samples were then mounted on stubs and gold-coated before being viewed
under a Philips SEM 500 scanning electron microscope. Images were taken at a range of magnifications.

Results
Morphometry and adhesion
Female M. trinitatis in this sample measured 24.29mm  0.58 (n = 20) SVL and were 1.38g  0.06, (n =
20) in weight on average. Toe pad area was 8.35 mm2  0.50 (n = 19) and total ventral area 323.32 mm2 
16.19 (n = 20). Male frogs were smaller in all physical attributes: 21.42 29mm  0.44 (n = 10) SVL,
0.96g  0.03, (n = 10) in weight, toe pad areas were 7.28 mm2  0.33 (n = 10) and total ventral area
258.97 mm2  10.29 (n = 10). Weight increases as SVL1.57, (Figure 1A) at a slightly lesser rate than the
expected of SVL2, though not statistically significantly so (Difference from slope of 2: t = 0.51, P > 0.05,
28 d.f.) Larger frogs have not got proportionally larger toe pads than smaller frogs. Ventral area
increases as SVL1.46, (Figure 1B) at a lesser rate than SVL2, but not statistically significant (Difference
from slope of 2: t = 2.04, P > 0.05, 28 d.f.). Larger frogs have not got proportionally greater ventral
areas than smaller ones. However, mass increases as SVL1.96, (Figure 1C) at a significantly lesser rate
than the expected increase of SVL3 (Difference from expected slope of 3: t = 4.75, p << 0.01, 28 d.f.)
Larger frogs are proportionally lighter in weight than smaller frogs, to a sufficient extent that the toe
pad area increase is no different to that of mass (Difference between slopes: t = 0.44, N.S., 56 d.f.).
If M. trinitatis stick using wet adhesion, as is seen in tree frogs, then we will expect adhesive forces to
increase directly with the toe pad area in contact. As we can only accurately determine this area of contact
for the smoothest of the test surfaces, we can examine the case of the adhesion on glass vs. body size to
estimate whether this is indeed the case (Figure 1D). Adhesive forces on glass increase as SVL2, as
would be expected for an increase with area. There is no significant difference to the actual slope of
increase in toe pad area with SVL (Difference between slopes; t = 0.55, N.S. 38 d.f.) or to the increase in
weight (Difference between slopes; t = 0.29, N.S. 38 d.f.).  On glass frogs’ adhesive ability scales with
surface area as would be expected for a surface tension dependent system such as capillarity dominated
wet adhesion.
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Figure 1: Morphometrics on log-log plots (A) Pad Area vs. SVL; r = 0.62, y = 1.57x – 1.26, t = 4.10, p <
0.01, 28 d.f (B) Ventral area vs. SVL; R = 0.72, y = 1.46x + 0.47, t = 5.53, p < 0.001, 28 d.f. (C) Mass vs.
SVL; r = 0.86, y = 1.96x – 2.60, t = 8.95, p < 0.001, 28 d.f. (D) Adhesive force on glass vs. SVL: r = 0.86, y
= 2.10x – 1.94, t = 4.81, p < 0.001, 9 d.f. Dotted lines show expected relationships for isometric growth.

- -

45

Adhesion on variable surfaces
Bead

Flow

size

rate

mean

s.e.

Mean

s.e.

Mean

s.e.

mean

s.e.

0

0

89.09

0.84

10.45

0.92

158.31

6.91

8.87

0.94

10

low

72.49

2.66

11.88

0.84

167.54

5.66

11.97

1.01

10

high

45.70

3.03

8.86

0.50

150.76

8.48

10.23

1.04

9

0

85.12

1.26

10.35

0.94

119.84

5.32

6.03

1.01

10

low

89.63

0.19

12.92

1.00

178.99

0.55

12.87

0.98

10

high

78.52

2.44

12.36

0.65

169.10

6.33

11.90

0.96

10

0

85.26

1.32

10.36

0.91

100.68

2.79

2.09

0.23

10

low

89.75

0.16

12.92

1.00

178.82

0.54

12.87

0.98

10

high

82.63

2.15

12.69

0.69

172.86

4.24

12.29

0.56

10

0

83.59

1.72

10.87

0.80

102.48

4.62

2.34

0.55

10

low

89.57

0.40

12.91

0.99

173.44

1.83

12.34

0.84

10

high

77.48

2.28

12.39

0.70

169.03

4.63

11.84

0.58

10

25

500

1125

Slip angle

Friction force (mN)

Fall angle

Adhesive force (mN)

N

Table 1: Average angles of slip, friction forces, detachment angles and adhesive force in M. trinitatis on
surfaces of varying roughness and with different conditions of water inundation.

Table 1 shows how average values for fall angle, slip angle, adhesive force, and frictional force relate
to particle size and flow rate. Figure 2a: With the flow rate at zero/low, there is little variation in the
slip angles; all are high, nearly at maximum. When the flow rate is high, on smooth glass the slip
angle is reduced; performance on beaded surfaces is relatively unaffected. Figure 2b: Frictional
forces are high and are similar on all four surfaces for dry and low flow conditions, they appear
reduced at high flow only in the case of the ‘smooth’ glass surfaces. Figure 2c: On dry surfaces, there
is a dramatic effect of surface roughness on the detachment angle, with a definitive decrease on
surfaces beaded with large diameter beads. At a low flow rate the adhesive ability of the frogs
increases on all four surfaces, very dramatically in the cases of the beaded substrates. On glass, at
high flow rates, there is a significant decrease in adhesive ability, though the range of data is large.
On beaded surfaces, there is a lesser effect of the highest flow rates in comparison to the low flow
rates, though there is a tendency towards a lower adhesive ability. Figure 2d: Therefore on dry
surfaces, as the particle size increases, the adhesion force decreases. When the flow rate is low and
high the adhesion force is reasonably constant irrespective of the particle size.

As the flow rate increases, it seems that there is an increase in adhesion force between a flow rate of
zero and a low flow rate, although there is no noticeable difference between a low and high flow rate.
Univariate ANOVAs show that slip (F2, 119 = 85.65, p < 0.001), Friction (F2, 119 = 7.41, p < 0.001),
detachment (F2, 119 = 152.30, p < 0.001), and adhesive force (F2, 119 = 100.01, p < 0.001), are
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Figure 2: (A) Average angles of slip (B) Average frictional forces (C) Average detachment angles (D) Average adhesive forces on surfaces of increasing roughness with
three different levels of water inundation. (Error bars = 1 s.e. of mean)
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Figure 3: (A) Back 2, Scale bar = 150µm (B) Front 2, Scale bar = 50µm (C) Front 2, Scale bar = 25µm (D) Back 1.Scale bar = 900µm (E) Back 1, Scale bar = 50µm (F)
Back 1, Scale bar = 25µm, (G) Back 2, Scale bar = 25µm, (H) Back 2, Scale bar = 25µm
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significantly different according to flow rate. Slip (F3, 119 = 56.40, p < 0.001), detachment (F3, 119 = 6.05, p <
0.001), and adhesive force (F3, 119 = 2.79, p < 0.05), are significantly different according to flow rate but
friction is not affected (F3, 119 = 7.41, p < 0.001). For combined ‘flow rate * particle size’, slip (F6, 119 =
29.09, p < 0.001), detachment (F6, 119 = 18.88, p < 0.001), and adhesive force (F6, 119 = 6.98, p < 0.05), are
significantly different but friction is not affected (F6, 119 = 1.27, N.S). This shows that flow rate is more
influential than the surface roughness in terms of its effect on adhesive factors.
Scanning Electron Microscopy (SEM)
The toe pad area is distinguished by the presence of specialised epidermal cells (Figure 3A). These cells are
columnar, with hexagonal apices and are separated from each other by intracellular channels (Figure
3B,C). Cells have striated sides and on the surface highly packed tonofilament bundles can be seen (Figure
3D). It is of particular note that M. trinitatis toe pads appear to have a distinct lack of mucous pores/pits. A
maximum of two were found per toe pad after thorough examination. The toe pad is distinguished from the
toe by the proximal and circumferal margins. The proximal groove is not well defined in this species, but
the margin is distinguished by the presence of a roughened area with knobbed projections and pores/pits
present, (Figure 3E,F).The circumferal margin is clearly defined with a shallow groove present around the
distal and part of the lateral edge of the toe, cells on the margin are irregular in shape and of different
structure to the toe pad cells. Many toes also have an indentation perpendicular to the circumferal margin at
the toe tip (Figure 3G).

Discussion
The aims of this project were to understand the mechanisms of adhesion of M. trinitatis. This was carried
out by employing a range of experiments, observations, and microscopic techniques to comprehensively
study the adhesion of this frog. The statistical analysis showed that both changes in flow rate and particle
size to which the frog is adhering had significant effects on the angle at which the frog loses its grip
partially (resulting in a slip), or loses its grip fully and detaches from the platform. There is a stronger effect
of changes in wetness than of surface roughness.
If the frog is on a dry platform, with zero particle size (glass), the frog is relying on its own mucus to
maintain wet adhesion. This involves very close contact, and is thus a very strong bond. If the platform has
a rough surface, as the particle size increases, the adhesive capabilities of the frog decrease, as the gaps
between the particle sizes becomes greater and the frog is unable to fill the gaps with mucus, and thus an
incomplete fluid layer is achieved. Adhesive joints may fail at lower levels than could be potentially
achieved if air bubbles, or surface defects are present. If these voids are close together, when stress is placed
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upon the joint then the bubbles propagate from one void to the next and consequently, the joint acts as if it
were a ‘zip’ and fails (Baier et al, 1968). There comes a point, where the particles become large enough that
the toe pads can grasp around them individually. This seems to begin to happen when the particle size is
1125μm and might be seen more strongly if a larger particle size was tested. When the frog is on the
platform with a low flow rate, the water is provided at a low enough level that aids adhesion. This is
because it maintains a thin layer of fluid between itself and the surface. When the flow is high, and the
substrate is, in effect, ‘smooth’ and the water will break the meniscus, flooding the toe pad – resulting in
loss of adhesion and dislodgement from the platform at an earlier angle. If the platform is made of a rough
surface (and flow is maintained), ideal adhesive properties are achieved again.
Frog mass also has an effect on adhesion, though in most instances larger frogs were able to stick as well as
smaller frogs perhaps due in part to the lowered mass increase with growth to that expected with isometric
growth. Mass increases as the ventral area1.5. Mass appears to have the greatest effect on the fall or slip
angle when the flow rate is high – mass decreases performance. There is also some effect when the flow is
absent (mass decreases performance) - and no obvious effect when the flow rate is low. When the surface
has a high flow over it, the increased ventral area does not compensate for the increase in mass sufficiently,
and the joint becomes flooded at a lower angle which results in an earlier detachment. When the surfaces
are dry, the increased ventral area is able to cope, to a degree, by the production of mucous when the
substrate is not smooth to form the meniscus. It cannot make as strong a bond as the surface becomes
rougher, and so an incomplete adhesive joint is formed, and thus the frog becomes detached at a lower
angle. When there is a low flow (also, when there is no flow and the platform is glass) the frogs are able to
adhere equally to each other across the mass range due to an ideal adhesive joint that is very strong enough to cope regardless of the frogs mass.
Glass is a completely smooth surface and cannot be compared with the frog’s natural environment.
However, the roughened surfaces are comparable to surfaces the frog will encounter naturally. Overall, M.
trinitatis ideally has a light flow of water for maximal adhesion on any of the surfaces. This is highly
relevant as in the areas where we caught them; the stream was generally running at a low velocity.
However, the frog is able to adhere well at high flow (but adhesive performance then reduces with mass) –
this is also relevant as these frogs live in an unpredictable environment. During the wet season the flow rate
of the streams they live at will increase and they will still need to be able to adhere – otherwise injury could
potentially occur e.g. if the frog was dislodged.
The SEM work showed many interesting, and unexpected results. The lack of mucous pores on the toes is
likely to be indicative of the close contact this frog has with the substrate. As this is a stream frog
presumably there is enough water around naturally, and so production of its own mucus would be
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unnecessary expenditure of resources. Recently it has been found that the mucus that many tree frogs
produce is very watery (J. Barnes, personal communication), perhaps suggesting that water is the ideal or
preferred adhesive fluid. M. trinitatis would be likely to utilise mucus when there is a lack of water to form
a complete joint; toe pads had distinct intracellular channels to help distribute fluid in a thin even layer and
remove surplus (i.e. when in a high flow rate). The shallow groove leading towards the pad centre on the
circumferal margin is possibly to channel water in to the intracellular channels for distribution. Another
important feature of the toe pads is that the cells are separated at their tips. This allows the pad to conform
closely around surface irregularities (Barnes et al, 2002) to maintain the minimum contact distance
possible.
M. trinitatis is able to utilise most of its ventral area for adhesion. There are numerous mucus pores on the
stomach, thighs, and chin. It was also noticeable that there were no intracellular channels on these areas. It
is possible that there are many mucus pores present here because there are no intracellular channels to
distribute fluid evenly. From studying the structure of the epidermis (the ‘raised’ borders between cells, and
the smoothness of cells – even at very high magnification, and the fact that the mucus pores are situated at
cell apices) that the many mucus pores in these areas compensate for this.
Bringing together the different elements of the project, it is possible to make some general conclusions; M.
trinitatis adheres to substrates using wet adhesion. It is likely to rely on the Stefan (viscosity) component of
wet adhesion when faced with running water which breaks the meniscus of the joint. Until the point that the
meniscus is broken, the frog will utilise the capillarity (surface tension) component of wet adhesion. The toe
pads are in very close contact with the substrate, and the frogs also have a very thin and even layer of water
between the whole of the ventral surface and a substrate. In its natural habitat it is likely be in situations
where its ventral surface is submerged. In these conditions, surface tension forces would not be acting and
thus adhesion would be entirely down to viscosity forces. These conclusions are supported by the evidence
presented in the experiments – its performance on different flow rates and many substrate sizes; the
evidence it uses its entire ventral surface to adhere; and the microscopy work that shows both the
functionally significant morphology of the different epidermal areas, and how close in contact the frog is
with the substrate at a range of angles. The understanding of adhesion in M. trinitatis would benefit from a
continuation of the IRM work started in this project; exact values of the closeness of contact would be
hugely valuable data. It might also illuminate a switching point for angles at which capillarity and Stefan
adhesion are utilised. As a progression of the SEM work, the next logical step would be to carry out
transmission electron microscope (TEM) to determine other features of the adhesive epidermis, particularly
to investigate the profile of surface features and to determine whether there are indeed as few mucus pores
as SEM work suggests. Ultimately, a 3D model of the epidermal surfaces could be achieved.
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Locomotory performance of the stream frog Mannophryne trinitatis
Jacklyn Buchanan

Fig.1. M.trinitatis (Image: A. Watt)

Fig 2. Z-projection image of jumping M.trinitatis

Introduction
The stream frog Mannophryne trinitatis (Colostethus), Trinidad’s only dendrobatid frog, can be found in
and around small mountain streams (Murphy, 1997). The adult frogs are diurnal. Males attract mates by
calling from within crevices in the rock faces surrounding the streams and turn black in colour when
calling. The females are attracted into the crevices where they will lay their eggs. The males guard the eggs
until they hatch; the tadpoles then attach to the males’ back using their oral disc; and the male then carries
the tadpoles to an appropriate water pool where they are deposited and continue their development to
metamorphosis. Previous work by Downie et al., (2001) showed that male M.trinitatis carry tadpoles for up
to four days in search of a predator free pool. If a suitable pool cannot be found in this time tadpoles are
deposited on damp leaf litter.

This suggests that there is a cost to the male frogs of extending the period of larval transport, possibly due
to lost mating opportunities. There have also been suggestions that the extended transport may have costs to
both the male frogs and the larvae in terms of reduced feeding ability. The energetic costs of carrying the
extra load may also be a factor, as many as ten tadpoles (average weight of 0.03g) may be carried at one
time; representing as much as 31% of the normal weight of the frog (Downie et al., 2005). This may present
a challenge to fitness in terms of the effects on, for example, the ability to avoid predation through jumping
performance.
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A number of studies have considered the effects of increasing mass on jumping ability in frogs; jump
distance increases (Emerson, 1978; Choi et al., 2000; Tejedo et al., 2000) but acceleration and velocity
decreases with weight increase (Emerson, 1978; Wilson et al., 2000; Choi et al., 1996). If these findings are
applied to the current question this might mean that male M. trinitatis transporting tadpoles on their backs
may not be able to respond as quickly to a predation threat as a non-carrying male.

This study therefore investigated the hypothesis that the cost to male frogs carrying tadpoles might be
detectable through differences in jumping ability. Gravidity (pregnancy) in other animals has been found to
affect locomotory performance. For example, swimming speeds are slower in pregnant female mosquito
fish, Gambusia affinis (Plaut, 2002). Similarly, the speed and endurance of movement is reduced in eggbound green snakes and lizards (Plummer, 1997; Olsson, 2002). The general aim of this study is to assess
the factors that affect the locomotory performance of M. trinitatis. In particular I am interested in the effects
of larval transport, to examine this, I will compare jumping performances of male frogs carrying tadpoles
(both immediately before and after deposition) to non-carrying males, to determine whether there are any
costs of this reproductive behaviour on the locomotory performance in these frogs. I will also consider the
comparative jumping abilities of female frogs, which are similar in weight to the tadpole carrying males but
are, on average larger. As well as being affected by weight; the distance a frog is able to jump is positively
correlated to hind limb length (Rand, 1952; Stokely & Berberian, 1953; Emerson, 1978; Peplowski &
Marsh, 1997). Therefore looking at females will allow an analysis of the effects of allometric variables
other than weight on jumping ability in this species.

Materials & Methods
M.trinitatis (females, calling males and males carrying tadpoles) were captured using hand nets at collecting
sites along Trinidad’s north coast. Captured frogs were contained in plastic tubs with air holes in the lids
and moist leaf litter as a base. The frogs were then transferred to glass tanks containing moist leaf litter and
covered with muslin. Frogs were weighed then photographed, using a digital camera, in a Petri dish with an
acetate grid base. This allowed snout vent lengths and leg lengths to be measured using the software Image
J®, saving time in the laboratory.
In order to observe locomotory performance a suitable runway from which the frogs could be filmed
jumping was constructed, 90cm in length, and approximately 30cm in width. At the beginning of the
runway we placed a takeoff board with a circular glass centre of diameter 115mm and depth of 10mm.
Behind the runway a plywood board approximately 50cmx100cm was placed, dimensions were marked out
to indicate height and length of jumps. Above the runway a mirror was placed at a 45angle. At the end of
the runway we created a stimulus to encourage the frog along the runway, a shaded area with a tub of fresh
water surrounded by leaf litter and rocks. Frogs were placed on the takeoff board underneath an upturned
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Petri dish base, covered with dark tape leaving a small opening of light at one end. This end faced out into
the runway to encourage the frog to face (and hence jump) forwards down the runway. Frogs were placed
under the dish at the start of the runway for 3-5 minutes prior to jumps. This was to enable the frog to
acclimatise. Care was taken not to handle frogs during this period as handling may alter the frog’s body
temperature and affect its humidity. Work by Walvoord (2003) on cricket frogs has shown hydration and
temperature affects jump distance. All jumps were filmed using a Canon® XL2 video camera. 3 jumps were
recorded for each frog. Males carrying tadpoles were returned to tanks with pools of water to encourage
them to drop their tadpoles. After tadpole deposition, frogs were re-weighed and the experiment repeated.
Films were edited using Windows Movie Maker® and clips analysed using image J®. Films were stacked
frame by frame to create a z-projection of the frog’s jump (Figure 2) Measurements were then taken of
maximum jump length, height and angle at take-off. Jump speed was calculated from the number of frames
per film clip. Statistical analysis, using SPSS 11.5 software, was carried out on the mean values of data
obtained for jump parameters (height, length, speed and angle at take-off).

Results
Mean values for jump parameters in males, females, and in carrying males both prior to and immediately
after deposition are given in Table 1 (below). The values suggest that the non-carrying males are capable of
jumping further and higher but tend to jump at slower speeds than females. Males with tadpoles appear to
be slowed down still further and in comparison to non-carrying males jumps are shorter and shallower.
Post-deposition males continue to exhibit shallow jumps but are jumping farther and faster than any of the
other groups tested. However, these trends are not significant when the means are compared using statistical
tests (Table 1).
Jump parameter
Take-off angle

Length (cm)

Height (cm)

Speed (m/s)

x (stdev) n

x (stdev) n

x (stdev) n

x (stdev) n

Female

32.81 (3.18) 8

32.22 (10.79) 8

7.78 (6.21) 8

2.83 (0.60) 8

Non-carrying males

34.03 (6.47) 9

34.43 (13.97) 9

8.75 (4.84) 9

2.78 (0.66) 9

Males with tadpoles

32.80 (4.48) 10

31.32 (13.68) 10

7.48 (3.86) 10

2.72 (0.79) 10

Post-deposition males

30.73 (5.65) 10

36.86 (12.52) 10

8.37 (4.10) 10

2.95 (0.42) 10

ANOVA : F (sig) d.f.

0.68 (0.57) 36

0.25 (0.86) 36

0.36 (0.78) 36

0.14 (0.94) 36

Sex

Table 1: Statistical means for jump parameters in female, male, males carrying tadpoles and post-deposition males in
M. trinitatis and results of one-way ANOVAs on means.
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Figure 4: Relationship between jump length and height of jump in M. trinitatis (statistics in text)
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There are problems in considering the data for the males carrying tadpoles as a similar group as the
numbers of tadpoles being carried range between 3 and 11, representative of 10 and 25 % of the postdeposition weight of the male frog and the difference in effects of these weights may dampen the
comparative differences. Also it is difficult to know what the status of the ‘non-carrying males’ is in terms
of their reproductive status, as catching males with no tadpoles in the field gives us no way of knowing
whether frogs may or may not have already bred this season or when, if they have been transporting
tadpoles at any point in the season how long ago this might have been. There are also inter-relationships
between the different jump parameters which makes it difficult to consider them separately; in particular
height and angle are strongly positively correlated (Figure 3: R = 0.62, p < 0.05, 36 d.f.) as is distance to
height (Figure 4: R = 0.67, p < 0.01, 36 d.f.).
If the jump performances of individual males carrying tadpoles both before and after deposition are
considered (Table 2) using statistical tests that will examine the effects taking into the differences between
individuals, then the effects of load on jump performance are slightly more complex; there is some evidence
of gradations according to the number of tadpoles being carried: There is a tendency to a decrease in takeoff angle in post-deposition males as seen in the group as a whole. However, statistically this is not
significant either individually (Table 2) or at a group level (Wilcoxon’s matched pairs: T = 11, N.S., n =
10). In spite of the link between take-off angle and maximum jump height demonstrated across the sample
population (Figure 3) there is no detectable trend in the direction of change in jump height in postdeposition males, with no significant differences on an individual basis (Table 2) or at a group level
(Wilcoxon’s matched pairs: T = 21, N.S. n = 10). Jump distances in post-deposition males show a tendency
towards an increase but this trend is not significant at an individual level (Table 2) or at a group level
(Wilcoxon’s matched pairs: T = 13, N.S. n = 10). In eight out of ten frogs, there is no significant effect of
carrying tadpoles on jump speed (Table 2). At a group level there is no detectable effect of carrying
tadpoles (Wilcoxon’s matched pairs: T = 18, N.S. n = 10). However, in the case of two frogs that have
burdens of tadpoles that represent more than a fifth of their post-deposition body weights there is a
significant decrease in he jump speed in post-deposition males (Figure 5).

Discussion
When considering the effects of larval transport on locomotory performance the results indicate no
statistically significant differences between the four treatment groups’ jumping abilities. There may be
several ways of interpreting this result: Firstly, the costs, if any, may not be displayed in the particular
locomotory parameters measured. In many Hylid frogs the peak muscle-mass-specific output during
jumping exceeds the power available from direct muscle contraction, suggesting the frogs are using elastic
storage (Marsh & John-Alder, 1993). In such pre-stored elastic energy, the costs incurred by the frog may
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Max. height (cm)

Take-off Angle

Jump distance (cm)

Speed of jump (m/s)

SVL

No. Tadpoles

(mm)

(%age weight)

Mean

T

diff

Mean

T

diff

Mean

T

diff

Mean

T

diff

22.8

3 (9.1)

36.03

-0.14

-

9.72

-1.11

-

24.81

0.73

+

2.12

2.04

+

0 (0)

34.64

3 (9.13)

26.53

-1.39

+

0 (0)

21.39

4 (13.26)

32.38

0.58

+

0 (0)

30.43

5 (14.45)

32.31

-0.56

+

0 (0)

35.32

6 (15.81)

33.26

-0.15

+

0 (0)

30.51

7 (17.19)

41.17

1.78

-

0 (0)

37.79

7 (17.46)

33.57

-0.11

-

0 (0)

36.84

9 (19.26)

35.87

0.90

+

0 (0)

31.14

8 (20.31)

25.98

3.78

-

0 (0)

25.70

11 (24.72)

30.93

3.45

-

0 (0)

23.56

22.1

24.6

21.8

20.1

21.4

22.5

21.1

19.5

23.5

5.99
-0.78

-

4.21

29.85
-0.89

-

3.53
-0.53

-

7.94

+

6.8

11.40

+

-

3.76

0.70

+

-

15.69

0.87

+

+

11.51

-0.10

-

-

4.23

-0.21

-

-

4.67

1.49

+

-

6.22
4.66

0.94

+

13.39

59.55

45.78

24.17

0.41

+

26.45

1.46

+

-

32.9

1.59
2.27

-2.72

-

4.01
2.87

0.28

+

3.73
3.64

2.69

+

2.23
3.32

0.18

+

30.2
-0.83

2.17
3.19

38.71

5.34
-1.64

26.95

2.99
3.32

50.29

8.03
-0.07

+

44.5

10.04
-1.11

2.04

21.55

15.24
0.50

39.88

2.14
2.55

49.8

5.26
-0.30

+

55.27

12.22
-0.19

0.38

21.52

13.34
0.53

19.33

2.99

2.90
2.59

-0.67

26.94

-

3.29
2.79

Table 2: Mean values of parameters for jump performance prior to and immediately after deposition of tadpoles in male M.
trinitatis; statistics given for frogs in order of %age post-deposition weight represented by tadpoles (T-statistic for comparison
of means for individuals, +/- indicative of direction of difference in post-deposition males)
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not be seen immediately. For example, if anaerobic metabolism occurred during the jump, an oxygen debt
would be incurred. Perhaps the costs of transporting could be incurred later in life or later in the year when
the breeding season is over.
Performance endurance and take-off ability are affected by several biomechanical properties, including gear
ratio, joint morphology and rates of contraction (Choi et al. 1996). We might assume these to be similar
within a species but it is possible that small changes in metabolic process are affected in male frogs as a
response to the physical burden of having to carry tadpoles. Irschick et al (2003) examined how the addition
of various external loads affected climbing ability in two gecko species. The study found that addition of
increasingly larger loads caused an initial increase in maximum mass specific power output but did not
influence speed modulation. This suggested that when carrying heavier loads, both species took smaller but
more strides. The resolution and frequency of the video footage taken in our study was inadequate to detect
changes in gait and it is difficult to know whether the relatively few differences between groups might be a
result of compensatory alterations to the biomechanics of jumping. In Irschick’s study geckos were
subjected to loads between 0-200% of their body mass. In our study we found transporting males carrying
loads of between 9-25% and found an effect only once tadpoles represented over 20% body mass. It may be
that the jumping mechanism has a built in capacity to deal with stresses upon the system to a certain degree
and effects will only be seen in frogs carrying large tadpole burdens.

Regression analyses of the relationships between the number of tadpoles being carried by transporting
males and jump parameters yielded no statistically significant effects of tadpole number on any of the
parameters. A wider range of tadpole numbers being transported would need to be examined in order to find
significant relationships. However, it was not easy to find males transporting large numbers of tadpoles the occurrence was rare, this could possibly be related to our time of collection. We collected frogs in July
and August, usually considered to be the ‘wet season’ in Trinidad; however in this particular year the wet
season began earlier, with heavy rainfall starting in April. Thus there is a possibility that some of the ‘noncarrying’ males are actually post-reproductive, and may not be performing optimally.
Furthermore, problems with experimental design may have affected the results obtained. For example,
when data was analysed in Glasgow some of the films were found to be unsuitable. This was primarily due
to an unrecognised design error. The stimulus used to encourage the frog to jump along the runway, the
hand net, occasionally appeared in the field of view of the frog’s take-off at the starting position. This was
only recognised when films were stacked frame by frame and the frog’s take-off could not be seen clearly.
This effectively reduced the original sample size. The stimulus itself could also have affected the results
obtained because it was difficult to ensure uniformity. Each frog was different and techniques that proved
successful for some were ineffective on others. Hence the stimulus often varied between frogs. The stimulus
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that was found to be most successful was waving a hand net above the frog to replicate a predator but on
some occasions it was necessary to actually gently touch the frogs’ back with the net.
In all previous studies of jump performance in frogs locomotory performance is affected by many factors.
The external environment that the animal inhabits can affect locomotory performance for example,
temperature and humidity (Walvoord 2003). The life history strategies adopted by the animal in order to
survive i.e. escape response to predators, whether this is fast jumping or slow hops as discussed by Choi et
al. (1996). The larval growth conditions can affect morphology and hence locomotor performance (Tejedo
et. al 2000). Finally, and most importantly, how the animal is equipped to handle these varying conditions
internally will ultimately determine locomotor performance i.e. the skeletal, muscular and metabolic design
of the body. Locomotory performance in M. trinitatis does not appear to be affected by transporting
tadpoles. One reason for this is may be that M. trinitatis are equipped morphologically to cope with varying
conditions to enable their locomotory performance to always be of the highest quality in order to sustain
escape responses to threats. It is possible that, as may be the case in many frogs, this is achieved by use of
pre-stored energy in the muscles allowing for maximum power output during jumping.
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Leaf Transpiration and Evaporative Water Loss in Hyla Punctata
Alexander Watt

Figure 1: H. punctata resting on leaves

Figure 2: Experimental enclosure

Introduction
Most amphibians have their lifestyles dictated by considerations of water balance. This is particularly true
of frogs and toads, which usually need water for reproductive and juvenile stages. Furthermore, the skin
of most anurans is the primary site of gas exchange and water uptake in anurans (Stebbins & Cohen,
1995) and so is highly permeable, with an evaporative water loss (EWL) similar to that of free standing
water. This means that proximity to water is also vital to prevent desiccation. There needs to be a trade off
between gas exchange and water permeability; a frog needs a skin that will maximise the area for
respiration and water absorption whilst minimising exposure to excessive EWL (Burggren & Vitalis,
2005). EWL is influenced by temperature, photoperiod, environmental hydration and nutritional factors
(Fox, 1986) and is very high in dry habitats. However, anurans do manage to survive in water deficient
areas. The focus of this study is on tree frog species which have less reliable access to moisture and suffer
other desiccating effects such as high winds and exposure to intense sunlight. To overcome the
desiccating effects that they encounter, many have developed physiological, behavioural and
morphological adaptations. These have allowed tree frogs exploit an ecosystem that is both rich in food
and absent from other competing species of anuran (Pough et al, 1983).

The amount of EWL any frog will experience on land depends on the evaporative force exerted on the
individual and the resistance of the integument to the imposed water loss (Feder & Burggren, 1992).
Although the integument of most frogs is highly permeable to water and aids respiration, many species
have adaptations to the structure of the skin that allows them to counteract the effects of a desiccating
environment. In all frogs, the integument comprises of 3 layers, the outer epidermis, the stratum
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spongium and the stratum compactum. The outer most layers, which are in direct content with the
environment, are keratinised in tree frogs to a greater extent than in more terrestrial species (Fox, 1986).
The skin is also covered in tubercles, more prevalent and defined on the ventral side (Roseburg &
Warbug, 1995). These increase surface area for water absorption and aid water dispersion around the
ventral surface by capillary transport in the intermediary grooves (Lillywhite & Licht, 1974). This is the
main area of water uptake in anurans, particularly around the thigh and in the pelvic region. As well as
being highly tubercular, the skin in this latter area is thinner than elsewhere on the ventrum and is highly
vascularised. This area makes up less than 10% of a tree frog’s surface area but is responsible for ~70%
of water uptake (Feder & Burggen, 1992). Underlying musculature in these areas further increases
efficiency in water absorption, moving the skin in such a way the maximum area is in contact with a
moist surface (Stebbins & Cohen, 1995). Coupled with behavioural adaptations tree frogs are able to
maximise water uptake whilst minimising water loss.

The dorsal skin has many secretory glands which serve several different functions, many of which act to
increase the resistance of the exposed surfaces to EWL. The highest degree of secretory specialisations
are found in the tree-frog genera Phyllomedusa, which exhibit a water loss 5-10% that of most other
anurans (Feder & Burggren, 1992). Lipids are secreted and spread over the skin by a wiping action of the
frogs’ back legs; when the coating dries it is effectively impermeable and the frog can remain in a state of
torpor within its waterproof ‘jacket’ until more favourable conditions arise (Duellman & Trueb, 1994).
Although not all tree frogs exhibit such extreme adaptations, most anuran mucus is thought to play a role
in preventing desiccation (Lillywhite & Licht, 1975).

Most frogs some degree of behavioural adaptation; the majority are only active nocturnally, thus avoiding
high temperatures and benefiting from relatively higher humidity at night. During the day frogs find moist
microclimates, such as damp soil or vegetation, to see out the hours of sunlight. The high humidity and
low temperatures in these microclimates reduces EWL by reducing the gradient between external and
internal water potentials. Previous studies at Glasgow University have suggested that frogs may be able to
utilise the microhabitat presented by transpiring leaves, with many exhibiting lower EWL on leaf surfaces
(Archibald, 2001; Maclean, 2003). The theory that frogs gain protection from dehydration from
transpiring leaves is a reasonable one. Plants can transpire a large amount of water through their stomata
in a short space of time; with the right conditions a plant can transpire its own weight in 24 hours
(Wilkins, 1984). The water vapour that would result would be likely to benefit a small frog considerably
in a drying habitat and the nature of most tree frogs’ habitat also means there is likely to be a continual
supply of transpiring leaves to obtain moisture from. Alternative sources, from rainwater reservoirs in
bromeliads, leaf folds and treeholes that might be available in the habitat are likely to be present to a far
lesser degree and searching them out may be energetically expensive and will require leaving cover from
predators, thus posing a safety risk (Duellman & Trueb, 1994). Movement also exposes more of the frog’s
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surface area to the environment, which increases EWL and disrupts the humidity gradient around the frog
leading to increased dehydration (Hillman and Putman, 1977). With the problems inherent in finding
water sources it makes sense to use such an abundant and convenient resource as transpiring leaves.
However, it is likely to be a strategy that benefits smaller species to a greater extent than large species; the
small volumes of water involved (Maclean, 2003) are likely to make an insignificant contribution to large
species in terms of water budget and they may be more dependent on the alternative water sources
described. Indeed, in the large species Phrynohyas resinifictrix population size has shown to be linked to
treehole availability (Sciesari et al. 2003) for reproduction and hydration. Furthermore, in larger species
support has to be taken into account; finding a surface that does not collapse under their weight is likely
to be a greater consideration than the minimal benefits of the transpiration qualities of that surface. Larger
species will also have the capacity to store larger quantities of water in their water bladder, and will have
a reduced surface area to volume ratio so may not be as adversely affected by drying effects as small
species; we therefore chose a small species of tree frog, Hyla punctata as our study species to investigate
the possible phenomenon of leaf use in hydroregulation in tree frogs in close to natural conditions.

Materials and Methods
Experimental Animals
Adult H. punctata were caught at breeding congregations along the Valencia-Matura Road. Frogs were
housed in large glass tanks covered with mosquito netting and provided with leaves and branches and
rainwater to give ample shelter, moisture and climbing aspects. Frogs were fed with locally caught
grasshoppers and other invertebrates.
Experimental Design
An experimental enclosure was designed around the plant, Citrus paradisii. This plant was chosen as
there is a significantly higher transpiration rate on the underside of the leaves as the upper leaf has a waxy
coating to stop excessive water loss. Furthermore, leaves are of sufficient size and robustness to support
the test species. An encapsulating enclosure was built using clothes hangers to form a skeleton over which
mosquito netting was attached with duct tape. A detachable front panel was also incorporated, using
adhesive Velcro strips, to allow easy access for removal and introduction of frogs to the plant (Figure 2).
Enclosures were positioned close to open windows in well ventilated rooms with no temperature control.
Trials lasted for 1 hour and 3 hour periods to allow comparison with previous studies (Archibald, 2001,
Maclean, 2003). Frogs were placed on 3 substrates; the upper leaf surface, the lower leaf surface and an
acetate control surface. Using a porometer, transpiration rates were recorded from each surface before
trials began. Humidity levels and temperature were recorded throughout the trials. Before each trial the
frogs had their bladders voided by applying slight pressure to the abdomen. Frogs were weighed before
and after the trials using an electronic balance accurate to 0.001g.

62

Skin morphology
Small portions of skin were removed from the upper thighs and stomachs of frogs which had been
sampled and fixed in previous years. All tissue samples were fixed in pH buffered 2.5% glutaraldehyde,
rinsed in 0.1M phosphate-buffered sucrose, immersed in buffered 1% osmium tetroxide, washed in
distilled water before being taken through to full dehydration in an alcohol series and critical point drying
from CO2. Samples were then mounted on stubs and gold-coated before being viewed under a Philips
SEM 500 scanning electron microscope. Images were captured of basic structure, interesting morphology
and microstructure of the skin. For each sample pictures were taken at a range of magnifications to show
overall structures as well as intricate detail of the samples. These pictures were then analysed in Image J.

Results
Experimental trials
Weight loss (g)
Mean (s.e.) n

Length
of trial
(hours)
1

3

Acetate
0.077
(0.025)
4
0.132
(0.025)
9

Upper
0.083
(0.011)
7
0.150
(0.017)
16

Under
0.085
(0.009)
12
0.148
(0.020)
10

%age Weight loss
Mean (s.e.) n
Acetate
3.28
0.79
4
6.28
(1.11)
9

Upper
3.64
0.43
7
6.59
(0.74)
16

Under
3.88
0.39
12
6.59
(0.77)
10

Transpiration rate (s/m)
Mean (s.e.) n
Acetate
174.3
31.2
4
102.7
(4.4)
9

Upper
91.7
10.7
7
90.0
(8.0)
14

Under
8.0
1.2
12
4.3
(1.8)
5

Table 1: Actual weight loss and loss as percentage of body mass in H. punctata on acetate and on leaves for 1-hour
and 3-hour trials and transpiration rates recorded from test substrates

One way ANOVAs were performed on the one hour and three hour data separately to compare mean
weight loss on the three test surfaces. In neither the one hour (F2,22 = 0.10, p = 0.91, N.S.) nor the three
hour trial (F2, 34 = 0.22, p = 0.80, N.S.) was there evidence of a statistically significant difference in actual
weight loss due to differences in surface. However, considering actual weight loss does not control for
any size differences between individual frogs at the start of the trial, which may in fact mask any effects;
if we instead consider the analysis of percentage weight loss, having arcsine transformed the data in order
to satisfy statistical preclusions of normal distribution, then this would give a better measure of the
differences between surfaces: however, again, there is no statistical significant differences in this measure
for either the one hour (F2,22 = 0.31, p = 0.73, N.S.) or the three hour trial (F2, 34 = 0.04, p = 0.96, N.S.).
If we compare frogs on test surfaces according to the length of the trial then there is no significant
difference in actual weight loss experienced by frogs resting on acetate for one hour to that over three
hours (t = 1.77, p = 0.21, 12 d.f.); however, on the leaf surface there is a significantly higher weight loss
experienced by the frog in the three hour trial compared to the one hour trial with this effect being greater
on the under side (t = 8.96, p < 0.01, 21 d.f.) than on the upper side (t = 6.27, p = 0.02, 22 d.f.). Similar
trends are seen when the same statistical tests are run on arcsine transformed percentage weight loss data:
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there is no difference due to the length of the trial on acetate (t = 2.85, p = 0.12, 12 d.f.) and significantly
greater weight loss seen in the three hour trials on both the upper (t = 6.40, p = 0.02, 22 d.f.) and under (t
= 11.04, p < 0.01, 21 d.f.) sides of the leaf surfaces. This is in spite of the fact that there are marked
differences between all three surfaces in terms of the transpiration rates (Table 1)
SEM Image analysis
In 1.882 mm2 of stomach skin, flattened areas on the tops of the tubercles comprised 1.436 mm2; 76.29%
of the stomach is therefore available for close contact with the surface and 23.71% crevices and folds in
the skin (Figure 4a). Individual tubercles are bulbous and vary in shape; with most being loosely
polygonal with rounded edges (Figures 4b,c). They range in size from 0.86 to 3.34 mm2 in area: with a
mean tubercular size of 0.184 mm2  0.23, n = 10. Cells are mainly hexagonal and pentagonal and are
large in size, being 327.869μm2  13.86, n = 10 in area. Cell outlines are distinct, the nucleus of each can
be seen pushing up outer skin surface indicating the thinness of this skin layer (Figures 4d,e). At high
magnification, coralline structures are visible, showing complexity in surface architecture (Figure 4f).
There are between 10 and 11 pores per tubercle – most are large oval pores but there are also longer slit
pores visible. There were unidentified marks running parallel to each other over the tubercles (Figures
4c,e). This is possibly artefactual, but is regular enough in some areas to appear deliberate and may be a
feature which helps to channel water into the crevices or around the rest of the tubercle.
In the thigh skin, 1.29mm2 of an area of 2.21mm2 was considered to be the flatter tops of the tubercles;
58.2% of tubercular skin is in close contact with 41.8% openings to inter-tubercular channels. Tubercles
are smaller than those on the stomach at ~ 0.09mm2. They are more varied in size and shape and are less
defined. Inter-tubercular crevices are undefined and are wide and shallow. There seems to be a great
reduction in availability of skin for close contact in the thigh, with a large area of widened inter-tubercular
crevices that would have been unlikely to be able to form close contact but which may create pockets
beneath the resting frog.

Discussion
There are few significant correlations or relationships in the data to suggest that frogs have a decreased
EWL on more highly transpiring surfaces. Past experiments in this field have yielded data that have
supported claims that frogs have a decreased EWL on transpiring surfaces (Archibald, 2001, Maclean,
2003) either by indirect or direct means. An indirect reduction in EWL might arise as a result of the
moisture boundary present around transpiring leaves (Ramsay et al. 1938) decreasing the gradient of
water potential between the frog and its immediate surroundings. Direct uptake of water would require
water transpired from the leaf to become liquid on the skin surface and be absorbed by the seat patch.
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Figure 4: SEM images of stomach skin in H. punctata (a) Section of skin showing tubercular profiles, Scale bar =
500μm (b) Polygonally-shaped tubercle, Scale bar = 100μm (c) Tubercle showing folding phenomenon = 50μm (d)
Skin cells and slit-shaped mucus pore, Scale bar = 25 μm (e) Folded area on tubercle at higher magnification, Scale
bar = 25μm (f) Coralline cell architecture, Scale bar = 4.5μm.

b

a

Figure 5: Thigh
skin in H. punctata
(a) Section of skin
showing tubercular
profiles, Scale bar =
500μm (b) Rounded
larger
tubercle,
Scale bar = 150μm
(c) Indistinct cell
margins, Scale bar =
25μm

c
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Hyla punctata are quick to assume the water conservation position on leaf substrates. This posture is
characterised by the legs being held close to the body whilst the ventral surface is adpressed to the
substrate to reduce contact with the air – and in most cases is accompanied by a lowering of the
metabolism (Duellman & Trueb, 1994). It maintains a relatively saturated layer of air around the frog,
limiting EWL. On acetate the frogs would settle initially but were found, especially after extended periods
in captivity, to move to leaf substrate after a period of the trial. This could indicate the frog gains more
protection from desiccation on leaf substrate. It has been discovered that many anurans have
chemosensory cells on the feet that have the ability to detect osmotically free water (Hillyard, 1999). If
Hyla punctata have similar cells this may account for the behavioural observations that individuals tended
to seek out alternative resting places to acetate and upper leaves when placed on them. It is possible
however, that the frog simply did not feel comfortable on acetate as they appeared to find it difficult to
adhere to. They exhibited a preference for the undersides of leaves when allowed to settle themselves.
These had a higher transpiration rates than the other surfaces but the frogs’ preferences might equally be
influenced by other considerations i.e. provision of cover from predators or direct sunlight. It is thus
difficult to draw conclusions about hydroregulative implications: using plants with the leaves manipulated
so undersides were uppermost in future studies might illuminate the trade-off.
In hot climates some plants use transpiration as a cooling mechanism, lowering the temperature of the leaf
surface in order to avoid heat damage (Levitt, 1974). This may be of advantage to tree frogs in these
environments and the reason for their selection of leaves. The reduction in heat is thought to be about 3
to 5 C in most tropical plants (Curtis, 1963). This would provide a suitably cooler substrate for the frog
and would result in a small but significant body temperature drop. A passive cooling of the body would
allow any transpired or ambient water vapour to condense against the skin and be absorbed by the tree
frog, as only a 1-2°C drop in temperature would be required for this condensation into liquid form (Taiz
& Zeiger, 1998). Although not measured specifically, it was noticed that on completion of a trial H.
punctata were significantly colder to touch than at the beginning of the trial. This may indicate a
physiological response is occurring in this species, such as a lowering of metabolism or body temperature
to reduce water loss to the environment.

Maclean (2003), suggested that the frogs might use furrowed surfaces of ventral skin to create air pockets
that trap water vapour from the transpiring surface. This coupled with a small cooling of body
temperature would cause water vapour to condense and then be absorbed by the skin. On the stomach skin
of this species a coralline, highly intricate ultrastructure was observed (Figure 4f). This is similar to
structuring of skin surrounding adhesive toe pads, where it is suggested the function is to channel excess
mucus away to allow closer adhesion (Green & Simon, 1986). In the case of the structuring seen on the
stomach cells it may be that the microridges act to channel the water that is present and spread it over the
dorsal skin. On a macrostructural level, tubercles and crevices are predominant features on the ventral
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skin. These greatly increase surface area and would

*

allow channelling of water around the skin through the
intertubercular crevices (Lillywhite & Licht, 1974). The

*

crevices may create a moist boundary layer beneath the
frog and reduce EWL. The skin on the thigh is very
loose and the large shallow crevices between the
tubercles might easily form large pockets of air or
moisture sealed from the external environment when
pressed against any substrate; this was observed with
conventional microscopy techniques in H. punctata
resting on glass (Figure 6). Closer observation of the
movement of the skin when in the water absorption

Figure 6: Light microscope image of thigh skin
in H. punctata. Note air pockets between
tubercles (*) Scale bar = 0.4mm

response position might give a better insight into how frogs might be able to manipulate their immediate
environment using their skin. It may be that under such humid conditions as were seen in laboratory
conditions in Trinidad the structural properties of the ventral surface are enough to allow the frog to cope
hydroregulatively. Perhaps the conditions in the wet season are not extreme enough for it to become
necessary for the frogs to utilise such small volumes as are presented by transpiring leaves the source of
water available from the leaf surfaces. In no trial was the humidity less than 50% so there is likely to have
been ample atmospheric moisture available to the frogs.
The purpose of this experiment was to observe and measure the EWL of tree frogs in natural conditions.
It was expected that there might be considerable variation in temperature and humidity levels outdoors.
Field trials performed proved too physiologically taxing on the frogs with severe dehydration causing
significant problems to many, so that outdoors experiments had to be discontinued. This in itself suggests
that using leaves as retreat microclimates is not a strategy that can exclusively be used by tree frogs, but
that if they do use leaves for hydroregulative purposes it will be in conjunction with the selection of
shaded, cooler areas. A more stable, controllable test environment would be best for experiments
involving small measures of water weight loss; using widely-varying ranges of temperature and humidity
levels synonymous with the typical environment in different seasons might give a more accurate
simulation of how frogs react to naturally occurring conditions.
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Molluscs in Trinidad and Tobago
Mike Rutherford

The megasnail Megalobulimus oblonga

New species of Gastrocopta? (Images: M. Rutherford)

Last year I was invited by a friend from my university days to join an expedition to Trinidad. Our main
purpose was collecting tree frogs for investigation into toe-pad adhesion along with other behavioural
studies. I was mainly ‘employed’ as a driver, frog-catcher and responsible adult to help with the
undergraduate students. In my spare time I endeavoured to do a bit of collecting for Glasgow Museums,
where I am the curator of invertebrates. The expedition ran from June to August and using a combination
of annual leave along with some research leave I was able to go for five weeks. The team was based in
The William Beebe Tropical Research Station, also known as Simla, which is located in the Arima valley
in northern Trinidad. From the tropical rainforest around our accommodation we collected some of the
frogs we needed, but we also went to sites all over Trinidad to get the species we were after.
From around Simla I collected a few empty shells from the forest floor but also came across some living
examples. Although the shells were quite dull the animals inside were often brightly coloured and I was
quite happy to take only pictures and be content with my already dead specimens. As far as I can work
out I found several Translucent Cyclotus - Neocyclotus translucidus trinitensis, a species of Annularid
and a species of Drymaeus. I have been unable to identify the last two specimens down to species level.
Another interesting find, in some abandoned concrete ponds near to the house, were hundreds of Marisa
cornuarietis. At first glance I thought they were Planorbids but the presence of an operculum made me
look again. As well as the live ones in the pond there were many dead shells scattered around nearby
possibly indicating that some animal was finding them to be a good source of food.

68

The capital of Trinidad is Port of Spain; a sprawling city situated in the north west of the country. There is
a fair sized zoo with a good representation of the islands vertebrate wildlife. The enclosures are of a
mixed standard with some animals having large landscaped habitats but with others in small oldfashioned cages. The only invertebrate I came across was a megasnail shell amongst a small collection of
dead objects but unfortunately it had been mislabelled as a Lamellaxis gracilis.
One highlight of my trip was a boat tour of the Caroni Swamp, just south of Port of Spain. It is a world
famous destination for bird watchers eager to see flocks of scarlet ibis but there are many other interesting
plants and animals to be seen as well. Cook’s tree boas coiled up in the trees and caimans lying on the
mudflats were just some of the denizens of the huge mangrove swamp. On many of the thick mangrove
roots there were Caribbean edible oysters (Crassostrea rhizophorae) although they were apparently
getting harder to find as they are being over-harvested.
A couple of the best beaches on the island, as far as people are concerned, are La Paz and Las Cuevas
along the northern coast. Some of the areas where we collected frogs were nearby so we often had time
for swimming, sunbathing and also a bit of beachcombing. La Paz beach is very long and sandy but there
are rocks at the western end where I found several common West Indian chitons - Chiton tuberculatas.
On rocks at the eastern end of Las Cuevas beach I found many specimens of chequered nerites - Nerita
tessellata and wide-mouthed purpura - Purpura patula clinging on to exposed rocks at low tide. Although
both are common shells throughout the region there was some value and interest in finding them. The
nerite displays a large variety of patterning and the purpura is used as a source of purple dye much like
Murex brandaris was used in Europe.
I was lucky enough to get a break from the hard work in Trinidad and have a weekend on Tobago which
is a much more tourist-orientated island and more like the tropical paradise of the popular imagination. As
I was browsing through some of the stalls in Crown Point I saw a whole table covered in Queen conch
shells - Strombus gigas. I soon got talking to the man who owned the stall and asked him where his
specimens came from as I was working on a display at the museum about souvenirs that endanger
wildlife. He told me that divers collect and sell them on for a cheap price after eating the soft parts; he
also said that the divers had to go deeper and search further afield for specimens. Although foreign
tourists buy many there is also a demand for conch shells amongst locals. During cricket matches, the
sound of hundreds of conch shell trumpets rings out, frightening the visitors but inspiring the home team.
Whilst I was snorkelling in Pirate’s Bay off Charlotteville I saw many amazing animals but the two that
stood out for me most were, not surprisingly, molluscs. The first was a flamingo tongue shell -Cyphoma
gibbosum crawling across a sea fan, it stuck out like a sore thumb but I only saw one example. The
second was a small shoal of Caribbean reef squid - Sepioteuthis sepioidea, which came out of nowhere.
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They moved so gracefully and were so beautiful that I almost forgot to go up and breathe again and I was
very reluctant to finally leave the water after having watched them for almost quarter of an hour. On a
walk to Argyll waterfalls in Tobago I found a Megalobulimus oblonga albus or the white form of the
oblong megasnail, it had been half buried in the earth and didn’t fancy coming out of it’s shell.
Fortunately when I got back to Simla I found another M. oblonga crawling along through the forest, I was
amazed by the fringe around the mouth and watched it crawl around a table in the lab for a long time.
The highest numbers of shells were found on my last day in Trinidad when we visited Tamana Caves.
The caves are situated in a limestone outcrop in the middle of the island; the ground above is covered in a
mix of secondary forest largely consisting of cocoa and citrus trees and remnants of primary rainforest.
As we walked up the hill to the cave openings there were many empty shells scattered all over the ground,
I collected maybe a dozen or so and later found out they were squirrel ear auris - Eudolichotis aurissciuri.
The caves themselves were only accessible from one entrance that took you into a cavern filled with
thousands of bats flying over your head and thousands of cockroaches at your feet. The smell was quite
pungent to say the least but it was an amazing experience. A word of advice for any future visitors is wear
a wide brimmed hat and don’t look up with your mouth open, the almost constant rain of urine and
droppings from the bats is considerable.
There were also a few shells that I didn’t know I had until I returned home. I had collected an
oropendola’s nest whilst on our way to Tamana caves. It had fallen from a tree and been lying on the
ground for at least a few weeks, I bagged it up and didn’t look at it again until I was back in Glasgow. Out
of curiosity I had a look through the debris that had fallen to the bottom of the bag and was pleasantly
surprised to find a whole host of invertebrates. As well as several species of mites and ants I found eight
tiny shells. Some were broken or immature but there were two that I felt were worthy of further
investigation. As far as I have been able to ascertain they are from the Gastrocopta genus but I have been
unable to identify them to species level. It may be a new species and I will be carrying out further
investigation hopefully leading to an article for the Journal of Conchology.
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I: Personnel

Farewell dinner at Pax Guest House

(Photo: G. Ramsarawak, Proprietor)

Name

Status

Group

Jamie Fry

3rd Year UG (Zoology)

Turtles

nd

Peter Crayk

2 Year UG (Biology)

Turtles

Debbie McNeill

Science Educator (GU)

Turtles

rd

Suzanne Livingstone

3 Year PG (Zoology)

Turtles

Andrew Walmsley

4th Year UG (Aquatic Bioscience)

Turtles

Joanna Smith

Postdoctoral Researcher (GU)

Tree frogs

Michael Rutherford

Curator of Invertebrates (Kelvingrove Museum)

Tree frogs

Fiona Thorburn

Zookeeper (Edinburgh Zoo)

All groups

Lynsey Allan

3rd Year UG (Aquatic Bioscience)

Tree frogs

rd

Alexander Watt

3 Year UG (Zoology)

Tree frogs

Jacklyn Buchanan

3rd Year UG (Zoology)

Tree frogs

rd

Michael Jowers

3 Year PG (Zoology)

Frog ecology

Roisin Campbell-Palmer

Graduand (GU)

Frog ecology

th

Nicola Rae

4 Year UG (Zoology)

Frog ecology

Agata Weydmann

4th Year UG (Zoology)

Frog ecology

nd

Eilidh Graham

2 Year UG (Zoology)

Frog ecology

Pardeep Chand

2nd Year UG (Zoology)

Monkeys

nd

Rob Critchlow

2 Year UG (Zoology)

Monkeys

Melissa Riley

4th Year UG (Zoology)

Monkeys

Louise Grieve

Graduand (GU)

Monkeys

Aided and abetted by Roger Downie, Jon Barnes, Mathis Riehle, Naomi Barron, Rachel Fleming,
Malcolm Kennedy, Eileen Rutherford, Kevin Rushton.
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II: Finances
Fundraising
We are grateful to the following Trusts and companies for their financial support

The Carnegie Trust for Scotland

£1,900

Glasgow University Court

£1,550

The Dennis Curry Trust

£1,500

The British Ecological Society

£1000

Blodwen Lloyd Binns Trust

£750

Gilchrist Educational Trust

£600

Thomas Tunnocks Ltd.

£100

The St Andrew’s Lodge, Livingstone

£100

Students also fundraised by fancy dress collections, t-shirt sales, raffles and organised games and band nights

Personal Contributions

£13,800

Profits Snack Bar (with Ecuador)

£600

Profits QM Band Night (with Bolivia)

£350

Profits Fancy Dress Bucket Rattle

£180

Profits Games Night (with Turtlewatch, Cyprus)

£200

Profits DJ Night (with Bolivia)

£500

Profits Raffle

£2000

Profits T-shirt sales

£200

Rent/food (UK visitors)

£1070

TOTAL

£26,400

We are also grateful to the following for donations of raffle prizes and equipment:
Debenham’s Glasgow; Mr and Ms Watt (a.k.a Sandy’s Mum and Dad); Mr and Ms Critchlow (a.k.a. Robs
Mum and Dad); Mr and Ms Walmsley (a.k.a. Andy’s Mum and Dad); Drum Central; Buffera Ltd.; Naomi
Barron.
Thanks to all mums, dads, families and friends who bought t-shirts, raffle tickets and came to fundraisers –
we wouldn’t have made it without you!
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Expenditure

Flights

£11,445

Accommodation

£3,000

Car rental & insurance (3 cars for 2 months)

£4,000

Car repair and maintenance

£435

Petrol (cars)

£550

Fuel (boats)

£220

Food

£2,000

Payment of guides

£1000

Communication (telephones etc…)

£100

Equipment

£400

Laboratory space hire

£1,000

Insurance

£1,500

Other (i.e. reports, photocopying etc…)

£200

Total

£25,850

Balance for future expeditions

£550
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III: Other activities
Nature of the Islands conference
The expedition was privileged to attend the Trinidad and Tobago Field Naturalist Club’s ‘Nature of
the Islands’ conference at the University of the West Indies in St Augustine. The conference ran
from 15-18 August 2004 and was held to honour the late Professor Peter R Bacon. Professor Bacon
was a long-term friend of Glasgow University’s expeditions to Trinidad, as former head of the
Zoology Department at UWI, and was an outstanding naturalist with wide and varied interests,
reflected in the many presentations. Professor Bacon was instrumental in having the Nariva Swamp
declared as Trinidad’s only Ramsar Convention protected wetlands and presentations by his coworkers were of particular interest to the monkey team. With the TTFN he also initiated the first
ever surveys of the North Coast for nesting leatherbacks in the 1970s, on beaches that this year’s turtle team intensively
surveyed. Their leader, Suzanne Livingstone, presented results of Glasgow’s recent involvement in turtle conservation to
the conference. Roger Downie also spoke at the conference about work on amphibians that he and Glasgow Expedition
teams had undertaken in collaboration with the University of the West Indies whilst Professor Bacon was the Zoology
Department’s Head. We thank UWI and the TTFNC for the invitation and opportunity to attend.

Caroni Swamp
The expedition went for a day-trip to Caroni Swamp, a brackish
mangrove swamp on the Eastern Coast which is one of the world’s
most famous breeding sites of the spectacular Scarlet Ibis,
Trinidad’s national bird (cover photograph). We went to the centre
of the swamp and watched Scarlet Ibis come in to roost. We saw a
number of animals exclusive to mangrove swamps, such as Tree
Boas, Mangrove crabs, Green Mango hummingbirds and large
caiman sitting on mudflats – sunning themselves after a torrential
downpour. Climbing to the top of an observation tower, with
hanging ‘chandeliers’ of wasp-nests, we got a wonderful view of the whole of the swamp and the sunset-tinged Northern
range. We all benefited from the knowledgeable commentary from the guide about the ecology of mangrove swamps.

Nariva Swamp
The expedition went for a day to see where the monkey team were working at
Nariva Swamp. Under the expert guidance of Shamo and Shortman we were
introduced to the unique habitat of the swamp and Little Bush-bush Island and
watched howlers, capuchins and macaws. Then we went back to Shortman’s for
a farewell party for the monkey team: where we learned important lessons about
staying in a hammock while drinking rum! Many thanks to Shortman and his
family for their generosity in opening their home to the whole rowdy lot of us.

79

Figure 2:
Howler
monkey (L.
Allen)

Tamana Hill

Figure 3:

The other teams from the expeditions went to visit Tamana Hill where the frog

Capuchins

reproductive ecology team had been working, principally to see the amazing bat

(M. Riehle)

colonies that are present in the central cave system. We explored the area until
dusk, with a particularly treasured find being a large pinktoed tarantula that had
made its home in a fallen bromeliad. Then we sat at the mouth of the cave
system as darkeness fell and millions of bats swept out to forage in the
surrounding forests. Amazing!

Paria
The expedition walked for a day from Blanchisseuse to Paria to meet up with
the turtle team who were working on the beaches there. This walk along the
north coast is spectacular, the road alternatively twisting from jungle to beach
with openings in the forest affording occasional glimpses of stunning views
along Trinidad’s precipitous coastline. Meeting up with the turtle team,
camped under tarpaulin, was great and the ride back by boat along the coast
was an adventure, the highlight of which was a giant leatherback rising from
the waves alongside to take a breath of air!

Matura
Because the beaches on which the turtle teams are so remote, accessibility for a group
our size is limited at present. The expedition as a whole went to watch leatherbacks,
both adults and hatchlings, on a large beach on the East Coast, Matura. This beach has
been under the protection of local NGO Natureseekers for a decade. We spent a
fascinating night watching huge adult females dig their nests, disturbing sand full of
bioluminescent algae.

Nightlife
We went on a number of occasions with Trinidadian friends and counterparts to two
nightclubs on Trinidads Northeast coast – Tsunami and the Anchorage. On one occasion
we attended to the launch party for a new entertainment network, Trinipulse.com, and were
interviewed by local television news and papers. We also got to see a concert by Soca star
Denise ‘Saucy Wow’ Belfon, which was a treat! We also hosted a few thank-you parties
and barbeques for people that worked with us, which were as much fun for us as for them!
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