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Status, distribution and conservation of threatened amphibians of Cuban rainforests

EXECUTIVE SUMMARY
The Problem

Cuba is the largest Caribbean island and harbours the most diverse amphibian
fauna, including 62 species and 95% of endemism. Estimates of IUCN consider 47
Cuban species as threatened, and together with the high local endemism rate (about
1/3 of the species), makes this a very vulnerable fauna. Most of the endemic and
threatened species inhabits forests in Cuba. Despite this spectacularly rich and
unique assemblage, very little attention has been paid to the study of this important
indicator group and no field studies have been made to known the status of Cuban
amphibians.

Our Objectives

e To establish relative density indexes and a presence-absence matrix for the
amphibian species living in Cuban rainforests.

« Toidentify areas of high-value for amphibian diversity in Cuba and to examine
the geographical coincidence of these areas with the Cuban protected areas.

e« Torecognize threats and conservation needs and to recommend protection and
mitigation actions.

«  To contribute to the conservation of these amphibians by means of the
education of local residents and decision-makers.

Key Findings

Cuban rainforests were originally extensively distributed through the island, but
nowadays these are confined to mountain zones in eastern Cuba, namely Sierra
Maestra and Sagua-Baracoa, which make less than a fourth part of the Cuban island.

We found 29 species living in rainforests, although some of them are able to live in
other kind of forests (for example, evergreen forests) and 11 are able to survive even
in secondary habitats.

We observed 776 frogs of 22 species in 37 searches and relative density ranged
from a high value of 0.101 ind/m? in Eleutherodactylus glamyrus, to a low value of
0.002 ind/ m? in Bufo peltocephalus.

High-value areas (85% of the maximum number) of species and endemic species
selected 1626 km?, representing 11.2% of the area occupied by these mountains and
the 69.9% of the current extension of rainforests in Cuba.

In threatened species, the high-value areas occupied 1120 km?, it is, the 7.7% of the
area of these mountain massifs and only the 47.1% of the current extension of
rainforests in Cuba.

A total of 666 km? (41.0% of the total) of the areas of high value for species richness
and 486 km? (43.4%) for threatened species were included in at least a protected
area, so coincidence between areas of high value and protected areas was low.

Habitat destruction and fragmentation are the biggest and more extended threats to
the survival of these frogs. Other minor importance threats to these amphibians were
groundwater and surface water contamination and introduced species.

Eight recommendations arose from the project, which aims to reduce threats and
protect each species, and to act as guarantor for the conservation of these animals.

One A3 poster and one brochure contented information on characteristics,
importance and recommendations to protect the frogs were made and 100 copies of
each printed material were distributed.
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INTRODUCTION
The Caribbean region is ranked sixth in the world in terrestrial vertebrate diversity
and third in endemism among all regions (779 of 1518 terrestrial endemic
vertebrates, or 51.3%). Cuba is the largest Caribbean island and harbours the most
diverse amphibian fauna, including 62 species and 95% of endemism. Estimates of
IUCN consider 47 Cuban species as threatened, and together with the high local
endemism rate (about 1/3 of the species), makes this a very vulnerable fauna. Most
of the endemic and threatened species inhabits forests in Cuba. Despite this
spectacularly rich and unique assemblage, very little attention has been paid to the

study of this important indicator group.

Herpetologists and conservationists are aware of amphibian declines and extinctions
in Antillean islands, although to date amphibian declines have not been observed in
Cuba (but some species have disappeared in specific areas where their natural
habitats were modified). Most amphibian population declines and extinction’s in
Tropics have occurred in species living in natural forests of highlands above 500m

altitude.

The importance of, and threats to, Cuban biodiversity are recognized by numerous
international conservation organizations, including World Wildlife Fund (WWF),
Conservation International (CI), Wildlife Conservation Society (WCS), and World
Resources Institute (WRI). Cl recognizes the Caribbean region as an important
“hotspot” of terrestrial and marine biodiversity, and a parallel effort by WWF (“Global
200 Eco-regions”) shows that Cuba harbours four of the world’s most representative

eco-regions in biological diversity.

No field studies have been made to known the status of Cuban amphibians; the
Global Amphibian Assessment presented by IUCN is mainly based on indirect and
subjective information on Cuban species, so many Cuban amphibians could be
underestimated in that account and their threatened categories could change if

sound field research is conducted.

This project aims to produce updated information on distribution, abundance and
status of the 29 amphibians living in Cuban rainforests. Since the rainforests-
associated species have undergone highest decline rates, these species run the risk
of disappear firstly if any decline event occur in Cuba. We provide new data on a

poorly studied area (Cuba) in relation to amphibian declines in Neotropical area.

Reserves alone are not adequate for nature conservation but they are the

cornerstone on which regional strategies can be built, so it is necessary to set prior
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targets. We also address this problem of setting prior targets by examining the
geographical coincidence of the distribution of high value areas for amphibians with

the existing network of protected areas.

For this, we propose the following objectives:

1- To establish relative density indexes and a presence-absence matrix for the

amphibian species living in Cuban rainforests.

2- To identify areas of high-value for amphibian diversity in Cuba and to examine the

geographical coincidence of high-value areas with the Cuban protected areas.

3- To recognize threats and conservation needs and to recommend protection and

mitigation actions.

4- To contribute to the conservation of these amphibians by means of the education

of local residents and decision-makers.
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METHODS
Objective 1:

We carried out 16 intensive field expeditions (5-10 days each) aimed to extensively
survey relatively unexplored portions of Cuban rainforests, making 119 intensive
searches in these areas (Fig. 1). Also we placed 37 8x8-m? plots in 13 localities and

we recorded 776 specimens in those plots (some plots yield no specimens).

We counted frogs and recorded number of specimens seen or heard in plots.
Surveys were conducted from 20:00 to 24:00 hours, when frog activity was highest.
The number of individuals per square meter (transformed from the number of frogs
by plot) was used as a measure of the relative density for every species. Using hand-

held GPS receivers we recorded coordinates for each individual detected in the field.
Objective 2:

We used three sources to known the present distribution of these species: literature
review, collection specimens and our field data (see Objective 1 above). We made a
literature review and we got and organized data from specimens deposited in
national and foreign collections. Both of these let us to identify places in which these
species have been reported. Data from literature and collection specimens were
considered only if they were from recent dates in order to avoid mistakes in

distributions due to changes occurred in habitats or places.

These data were integrated in a presence/absence matrix and assembled into a GIS
database along remote sensing data, including habitat type, altitude, slope,
river/stream presence, road presence, and human buildings. We used GIS
technology to model distribution and obtain potential distribution maps of every
species. For this, we assigned different suitability values to selected landscape
variables based in published papers and our field observations of habitat association
for these frogs. Higher values corresponded to more suitable habitat, so O stood for
habitat characteristics where the species is hot known to occur and 2 stood for the
most suitable habitat characteristic. GIS layers for each habitat variable were
multiplied, combining them to create a single layer of all considered variables, and
then it was reclassified into categories based on the value of each cell. Thus,
potential habitat suitability was determined by a combination of the landscape

variables based on species specific habitat affinities.

Potential distribution maps of individual species were summed to obtain number of

species, number of endemic species and nhumber of threatened species by square
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kilometre. These maps were reclassified with the GIS in order to select high-value
areas of amphibian diversity, it is, cells with at least 85% of the maximum number of
species, the maximum number of endemic species, and the maximum number of
threatened species. We acknowledge this threshold is totally arbitrary, but any other

choice would have been arbitrary as well.

Next, we overlaid the produced maps with a map of the existing Cuban network of
protected areas to examine coincidences between high-value areas for amphibian
diversity and protected areas. We examined the proportion of the distribution of
species, endemic species and threatened species included in protected areas and
the proportion that was excluded from them, considering both the complete network

and the different categories in the Cuban system of protected areas.
Objective 3:

During the field work, every thing that may be threatening these frogs, both human
induced and with natural causes were noted and quantified. Threats to the
conservation of the amphibians, together status of species and ecological
information, were analyzed in order to recommend general and species-based
actions to protect and conserve these animals and to reduce these threats. Also we
used the information gathered in this project to assess the status of these species

using the IUCN Red List Categories and Criteria.
Objective 4:

We made two posters and two brochures with information on these frogs which we
distributed in the human communities (especially in schools) living in/around the
distribution areas of the species. This graphic material contented information on
characteristics, importance and recommendations to protect the frogs. Also we met
and give talks with local residents and persons in charge of Reserves, approaching

characteristics and importance of the conservation of amphibians.




Status, distribution and conservation of threatened amphibians of Cuban rainforests

N | e,
-
W—E 1 T | e
s 2 g, e
A "?ﬁ-f:‘_‘:
gt T
L
§ .
Lt i e
/_/ LR ;\'"'_ff/ i
o - \\/ 3
- .' |‘ *
‘. - .6‘
f o .

/“’\r \Jﬁm - .

I‘x

.."'

A ._.,_h/ . B \ ‘
- }wwm@g;&ﬁ B\

Figure 1. Location of the study area, brown line marks the limits of mountains in

Eastern Cuba. Red circles denote the surveyed localities and white points denote sites

where plots where set up in order to obtain quantitative data. Inset: Location of main

map within Cuba.
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RESULTS

Cuban rainforests were originally extensively distributed through the island, as the
“Map of Potential Vegetation” of the Nuevo Atlas Nacional de Cuba shows (Garcia et
al., 1989). Since rainforests were destroyed or degraded in western and central
Cuba, we focus our study in eastern Cuba, specifically in mountain zones (Fig. 1),
which are the only areas in Cuba where rainforests survive. These mountains,
namely Sierra Maestra and Sagua-Baracoa, make less than a fourth part of the

Cuban island.

We found 29 species living in rainforests, although some of them are able to live in
other kind of forests (for example, evergreen forests) and 11 are able to survive even
in secondary habitats, it is, in zones affected by human activity, such as coffee
plantations, timberlands and trail edge vegetation. Our study focused in natural

vegetation without taking into consideration other anthropogenic areas.

Taxonomically, these 29 species are divided in two genera (Bufo and
Eleutherodactylus) and two families (Bufonidae and Eleutherodactylidae), with
Eleutherodactylus being the dominant group in number of species. It is typical of the
Cuban amphibian native fauna, which are compounds only by three genera and three
families and where the named genus is dominant in species number. List of the

species included in this project follows:

Class Amphibia

Order Anura

Family Bufonidae
Bufo peltocephalus
Bufo taladai

Family Eleutherodactylidae
Eleutherodactylus acmonis
Eleutherodactylus albipes
Eleutherodactylus auriculatus
Eleutherodactylus bartonsmithi
Eleutherodactylus bresslerae
Eleutherodactylus cubanus
Eleutherodactylus cuneatus
Eleutherodactylus dimidiatus

Eleutherodactylus glamyrus




Status, distribution and conservation of threatened amphibians of Cuban rainforests

Eleutherodactylus guantanamera
Eleutherodactylus gundlachi
Eleutherodactylus iberia
Eleutherodactylus ionthus
Eleutherodactylus intermedius
Eleutherodactylus limbatus
Eleutherodactylus maestrensis
Eleutherodactylus mariposa
Eleutherodactylus melacara
Eleutherodactylus michaelschmidi
Eleutherodactylus orientalis
Eleutherodactylus pezopetrus
Eleutherodactylus principalis
Eleutherodactylus ricordii
Eleutherodactylus ronaldi
Eleutherodactylus tetajulia
Eleutherodactylus toa

Eleutherodactylus turquinensis

Abundance

We observed a total of 776 frogs in 37 searches and obtained the relative density
values given in Table 1. We only get quantitative data for 22 species; other seven
frogs went unnoticed, these were some species with restricted distribution to a few

kilometres. So, we can not give any consideration about abundance in those species.

Relative densities ranged from a high value of 0.101 ind/m? in Eleutherodactylus
glamyrus, to a low value of 0.002 ind/ m? in Bufo peltocephalus. Nevertheless, the
depleted relative abundance for the latter species could be due to this toad is not a
typical rainforest amphibian; it is more abundant in less humid habitats, many times
in anthropogenic ones. Confirming this approach is the fact that Bufo peltocephalus

was found only in one search in a unique locality.

Other four species were found only in one search (Table 1) as a result of their
relative reduced distribution area. These four species are frogs known only from one

or a few localities in Cuba, and their distribution areas stretch ranges of only a few
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kilometres. That is why these values of relative densities should be watch with

caution.

Table 1. Relative density (ind/mz) of 22 amphibian species of Cuban rainforests. SD

stands for “Standard Deviation”, N is the number of plots in which each species was

found.

Mean SD Min Max N
B. peltocephalus 0.002 -- -- -- 1
B. taladai 0.008 0.001 0.007 0.009 2
E. albipes 0.020 0.014 0.010 0.030 2
E. auriculatus 0.042 0.051 0.004 0.188 19
E. cubanus 0.048 0.056 0.008 0.135
E. cuneatus 0.026 0.022 0.002 0.063
E. dimidiatus 0.043 0.052 0.000 0.125 15
E. glamyrus 0.101 0.104 0.000 0.250
E. guantanamera 0.099 0.035 0.063 0.156
E. gundlachi 0.041 0.084 0.000 0.375 19
E. iberia 0.003 -- -- -- 1
E. intermedius 0.030 0.027 0.000 0.063 12
E. ionthus 0.067 0.021 0.050 0.090 3
E. limbatus 0.025 0.031 0.000 0.094 15
E. maestrensis 0.035 0.007 0.030 0.040 2
E. melacara 0.033 0.022 0.002 0.065 7
E. pezopetrus 0.064 -- -- -- 1
E. principalis 0.014 -- -- -- 1
E. ricordii 0.020 0.014 0.001 0.035 5
E. ronaldi 0.027 0.032 0.007 0.064 3
E. toa 0.015 0.007 0.010 0.020 2
E. turquinensis 0.080 -- -- -- 1

Distribution

We made an exhaustive search in Cuban and foreign literature, looking for locality or
distribution records for Cuban amphibians. We found 194 papers reporting such data
for Cuban frogs, but only 58 of these works included locality records for the species

living in rainforests (Appendix A).




Status, distribution and conservation of threatened amphibians of Cuban rainforests

We got catalogue data from six Cuban collections and 19 foreign collections (three
from Europe, 16 from USA), but only 18 collections had specimens of the species we

are focus in. Collections considered and data from them are showed in Appendix B.

From literature and collections we obtained 327 localities reported for these 29 frogs
and toads. In addition, during the field surveys of this project we observed these

species in 79 additional sites not included in literature and collections records.

With all this information and remote sensing data we assembled a GIS database,
which was used to model distribution with a GIS, obtaining the potential distribution
map for every species. Below we include the analysis made for one of these species,
including the map of potential distribution and the causes of the resulting distribution,
only as an example. Analysis like these was made for every one of the 29 species

considered in the project, and will be included in a scientific paper we are preparing.

Example of analyzes of potential distribution for Eleutherodactylus gundlachi, one of the
species considered under the project:

The map of potential distribution for E. gundlachi (Fig. 2) shows that suitable habitats for this
species are limited primarily to the central region of Sierra Maestra and central-southern
regions of Sagua Baracoa mountains.

™= 1
20 40

Figure 2. Potential distribution map showing the predicted distribution for E. gundlachi.
Dark green denotes areas more suitable, light green denotes areas less suitable, and
white denotes areas not suitable at all for this frog. Grey line marks the limits of
mountains in Eastern Cuba. Inset: Location of main map within Cuba.

Ecological requirements for this species contribute to the patterns, e. g., a large proportion of
distribution areas of this frog are concentrated in the highest zones of Sierra Maestra and

10
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Sagua Baracoa mountains, since the higher precipitation and lower evaporation rates provide
a greater humidity. Areas below 720 m altitude in Sierra Maestra and below 120 m in Sagua-
Baracoa yield no presence of this species.

At the same time, the frog is restricted in their habitat use, using a few habitats, principally
natural ones (not anthropogenic habitats), which also affects the distribution. The distribution
pattern of this species coincide with the areas harbouring the best conserved forests of Cuba,
and conversely, areas without forests, it is, zones with shrubs, cultures, pastures, and towns
yield no presence of this frog.

When we summed maps of individual species we obtained that the number of
species by km? ranged between 1 and 15 (Mean # standard deviation: 6.2 + 4.2
species/km?), it is, the maximum number of amphibian species found in 1 km? was 15
and the minimum number was one species. This lowest value is very different to the
total number of analyzed species, but far from it, the maximum potential number of
species in 1 km? (15 species) was close to the actual number of studied amphibians,
expressing that about a half of these species could be found in the same km?,
showing a high concentration in the distribution. Because of every studied amphibian
is an endemic species, there was no differences between distribution of amphibian

species and endemic species.

Unlike the previous case, the number of threatened species ranged between 0 and
12 (Mean * standard deviation: 3.8 + 2.9 species/km?), indicating in these mountains
there were square kilometres without threatened species, but also that it is possible
to find up to 12 threatened amphibians in a similar area. The maximum number of

threatened species in one km? represents the 41.4% of the 29 studied species.

Similarity in the results for species/endemic species and threatened species arising
from 25 of the 29 studied species are considered as threatened by IUCN (2006), and

is a result, maps of potential distribution for both groups look similar.

Conservation

The potential distribution maps were reclassified with the GIS in order to select high-
value areas of amphibian diversity, it is, cells with at least 85% of the maximum
number of species, the maximum number of endemic species, and the maximum

number of threatened species.

Our classification of high-value areas of species and endemic species of amphibians
selected 1626 km? with at least 85% of the maximum number of these species (Fig.

3). This area represents the 11.2% of the area occupied by these mountains and the

11
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69.9% of the current extension of rainforests in Cuba. These high-value areas are
concentrated in two compact cores, one by mountain massif, settled principally on

the highest zones of both mountains; it is above 800 m a. s. | (Fig. 3).

Figure 3. Coincidence of areas of high-value for amphibian species/endemic species
(green) and protected areas (black lines). Units in bold type represent National Parks
and Ecological Reserves (protected areas of IUCN category I). Brown line marks the

limits of mountains in Eastern Cuba. Inset: Location of main map within Cuba.

In threatened species, the high-value areas occupied 1120 km?, it is, the 7.7% of the
area of these mountain massifs and only the 47.1% of the current extension of

rainforests in Cuba (Fig. 4).

When these maps were overlaid with the map of the Cuban network of protected
areas a total of 666 km? (41.0% of the total) of the areas of high value for species
richness were included in at least a protected area (Fig. 3), so coincidence between

areas of high value and protected areas was low (Table 2).

A total of 486 km? (43.4% of the total) of the areas of high value for threatened
species were included in at least a protected area (Fig. 4), and likewise the prior
analysis coincidence between areas of high value and protected areas was low
(Table 3).

12
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Table 2. Coincidence (in Km?) between areas of high-value for species richness and

Cuban protected areas. The statistical significance of the association was tested by

means of X°.
Inside Protected Areas  Outside Protected Areas
Areas of high-value 666 960
Areas of lesser-value 2 237 10 612

X?=499.2, p=0.0001

Table 3. Coincidence (in Km?) between areas of high-value for threatened species
richness and Cuban protected areas. The statistical significance of the association was

tested by means of X°.

Inside Protected Areas Outside Protected Areas

Areas of high-value 486 634

Areas of lesser-value 2417 10 938

X?= 412.4, p=0.0001

More important, only one third of high-value areas (39.4% for species and endemic
species, and 38.7% for threatened species) are included in National Parks and
Ecological Reserves (Figs. 3 & 4), two of the more restricted Cuban categories of
Protected areas (categories | and Il of International Union for Conservation of Nature

and Natural Resources).

13
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Figure 4. Coincidence of areas of high-value for amphibian threatened species (red)
and protected areas (black lines). Units in bold type represent National Parks and
Ecological Reserves (protected areas of IUCN category I). Brown line marks the limits

of mountains in Eastern Cuba. Inset: Location of main map within Cuba.

Thus, the existing network of Cuban protected areas is not providing a reasonable
guarantee for conservation of high value areas for rainforests Cuban amphibians.
Nevertheless, it is only one side of the problem and when we analyzed coincidences

between distribution of every species and reserves, other results came to light.

Appendix C shows the presence-absence matrix in protected areas for the studied
amphibian species resulting from superimposing the maps of potential distribution for
these species with the network of Cuban protected areas. Areas of potential
distribution for all species were included inside protected areas, although different
proportions for every species were excluded. If we consider protected areas are
protecting species inside, then we can consider every rainforest species is

reasonably protected.

Threats

In our field expeditions we identify a group of factors which are threatening the

survival of the frogs in their natural areas, and we will be exposed below.

Habitat destruction and fragmentation are the biggest and more extended threats to
the survival of these frogs, especially due to their restricted ranges. This ecosystem

fragmentation creates “islands” of habitat and the attendant separation of small

14
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populations (added to the natural fragmented distribution in metapopulations of some
of these species). Deforestation as a result of land conversion to agricultural uses
and logging of timber species are the principal factors causing this destruction and

fragmentation.

Since these species live in rainforests and use anthropogenic habitats in a very
limited way, the habitat destruction and fragmentation can affect them more rapid
and stronger than to other species. Nevertheless, it is unknown how these
modifications are acting on frogs and toads and how “deep” are the affectations to
the amphibian populations. At the same time, forests-associated frogs have
undergone highest decline rates in tropical places, so these species could run the

risk of disappear firstly if any decline event occur in Cuba.

We noted other threats to these amphibians, although of minor importance. One of
these is groundwater and surface water contamination from mining residuals and
waste produced during coffee processing. Both activities liberate organic and
inorganic contaminants with direct consequences (still unknown) for the amphibians,
although its effects are local in extension. Two introduced species, the domestic dog
(Canis familiaris) and house cat (Felis catus), also could affect these frogs by
predation. However, at this point, it is not known how these mammals impact the

Cuban native fauna.

Another threat is our general lack of knowledge. Many aspects of the Cuban
amphibian’ natural histories are also unknown, for example habitat use and food.
This information is essential when developing conservation strategies and planning
effective management actions for natural areas. Even these species in which we
focused in this project are few known and more studies are necessary to a better

understanding of them.

The fact that large pools of amphibian diversity are outside the existing network of
protected areas is a threat in itself and could cause populations fragmentation or
extirpation due to territories outside protected areas could be considered as “not so

important” by decision-makers.

Recommendations for threats mitigation

Arising from these threats, from the ecological information of the frogs, and from the

outcomes of this project are the following recommendations, which aims to reduce

15
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these threats and protect each species, and acting as guarantor for the conservation

of these animals.

e Diminish or eradicate unregulated agriculture and unauthorized forest clearing in
the forested natural areas. Increasing environmental education programs with the

human communities could be an avenue to help decrease these damaging activities.

¢ Increase vigilance and control within the protected areas to eradicate
unregulated agriculture and unauthorized or excessive logging, thereby protecting its

natural forest remnants.

o Effects of coffee-processing plant residuals on the amphibians should be studied
and monitored to know if special measures are necessary to eliminate the waste

dumping into the rivers, and to protect the amphibians.

¢ Understand and quantify effects of introduced fauna on amphibians to use as a
basis for implementing control and eradication strategies. However, additional
resources and financing are needed to implement plans more efficiently and

throughout the protected areas.

¢ Study habitat requirements of endemic amphibians in order to detail the conditions
present in their range, which would be useful for the species conservation and

management.

¢ Increase environmental education programs in human communities (emphasizing
importance of conserving Cuban fauna, especially frogs) as a way to stop
environmentally damaging practices that harm wild species and to raise conservation

awareness.

¢ Amphibian monitoring programs should be established in different parts of these
areas to detect early signs of species declines or extinctions and carry out necessary

actions before it is too late.

e The existence of wide high-value zones for amphibians outside protected areas
should be considered in future conservation strategies of these mountains, in
management schemes of the Cuban forested lands and included in the Management
Plans of every one of these protected areas. These strategies should consider
changing limits, moving of the existing protected areas, or even creating new areas in

order to include those high-value areas currently outside the network.

16
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Citizen education

We made one A3 (11.7x16.5-inches) poster (Appendix D) and one brochure
contented information on characteristics, importance and recommendations to
protect the frogs. 100 copies of each printed material were distributed in the human
communities (especially in schools) living in/around the distribution areas of these

species.

Many of this material was handing out in meetings with local authorities and persons
in charge of Reserves inside the distribution areas of these frogs, and at that moment
some talks with local residents were made, approaching characteristics and

importance of the conservation of these amphibians.

Although our project did not include an explicit evaluation of the education impact, we
consider the distributed material has contributed to the conservation of these
amphibians by building a more interested and engaged public constituency within the
worked areas. We could verify it in conversations with local people, especially
children, who were greedy for more knowledge on frogs and their characteristics after

attend to talks and meetings.

Other accomplishments
e Partial results of this project will be presented in the 6™ World Congress of
Herpetology (Manaus, Brasil, August 2008) and in the 8" Latin-American Congress

of Herpetology (Topes de Collantes, Cuba, November 2008).

¢ A detailed report with all outcomes of the project will be delivered to decision-
makers and conservationists in order to contribute to develop species-based or

general conservation strategies.

¢ Distribution maps and lists of species inside/outside of the Cuban protected areas
generated in this study will be giving to persons responsible for every involved
protected area for using them in the conservation and management plans of these

reserves.
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Appendix A. List of papers with locality or distribution records for Cuban

amphibians living in rainforests.

10.

11.

12.

13.

Abreu, R. M., J. de la Cruz., A. Rams and M. E. Garcia. 1989. Vertebrados del
complejo montafioso "La Zoilita", Holguin, Cuba. Poeyana 370:1-16.

Alonso, R. and A. Rodriguez. 2003. Advertisement calls of Cuban toads of the
genus Bufo (Anura, Bufonidae). Phyllomedusa 2(2):75-82.

Alonso, R., A. Rodriguez and M. C. Mena. 2007. Guia sonora de los anfibios de
Cuba. Alosa, sons de la natura. Barcelona, Espafia.

Barbour, T. 1914. A contribution to the zoogeography of the West Indies, with
special references to amphibians and reptiles. Mem. Mus. Comp. Zool.
44(2):209-359.

Barbour, T. and C. T. Ramsden. 1919. The herpetology of Cuba. Mem. Mus.
Comp. Zool. 47(2):71-213.

Barbour, T. and B. Shreve. 1937. Novitates cubanae. Bull. Mus. Comp. Zoo. 80
(9):377-387.

Cope, E. D. 1862. On some new and little known Anura. American Proc. Acad.
Nat. Sci. Philadelphia. 14:151-159.

Diaz, L. M. 1998. Hoja de datos de taxon para Eleutherodactylus cubanus. In
Pérez, E., E. Osa, Y. Matamoros, J. Shillcox and U. S. Seal (eds.). Report on
Conservation Assessment and Management Plan Workshop for Selected Cuban
Species, Pp. 121-129. Conservation Breeding Specialist Group (SSC/IUCN),
Apple Valley, Minnesota.

Diaz, L. M., A. Cadiz and N. Navarro. 2005. A new ground-dewlling frog of the
genus Eleutherodactylus (Anura: Leptodactylidae) from eastern Cuba, and a
reconsideration of the E. dimidiatus group. Caribb. J. Sci. 41(2):307-318.

Diaz, L. M., A. R. Estrada and S. B. Hedges. 2001. A new riparial frog of the
genus Eleutherodactylus (Anura: Leptodactylidae) from Eastern Cuba. Caribb. J.
Sci. 37(1-2):63-71.

Diaz, L. M., A. Fong, N. Vifia and G. Knell. 2005. Anfibios y reptiles. In Fong, A.,
D. Maceira, and W. S. Alverson (eds.), Cuba: Parque Nacional La Bayamesa.
Rapid Biological Inventories Report 11. The Field Museum, Chicago.

Diaz M. L., L. V. Moreno and G. Begue. 2000. Descripcién de las larvas de Bufo
taladai (Anura: Bufonidae). Caribb. J. Sci. 36(1-2):156-160.

Dunn, E. R. 1925. New frogs from Cuba. Occ. Papers Boston Soc. Nat. Hist.
5:163-166.

19



Status, distribution and conservation of threatened amphibians of Cuban rainforests

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

Dunn, E. R. 1926. Additional frogs from Cuba. Occ. Papers Boston Soc. Nat.
Hist. 5:209-215.

Estrada, A. R. 1992. Comentarios sobre Eleutherodactylus intermedius Barbour
et Shreve de la region oriental de Cuba. In Comunicaciones breves de zoologia,
IES, ACC, La Habana, 27 pp.

Estrada, A. R. 1992. Lista de anfibios y reptiles de Cayo Saetia, costa N de
Mayari, Holguin, Cuba. Comun. Breves Zool., Academia, La Habana, 27 pp.
Estrada, A. R. and R. Alonso. 1997. Nueva especie del grupo limbatus
(Leptodactylidae: Eleutherodactylus) de la region oriental de Cuba. Caribbean J.
Sci., 33(1-2):41-44.

Estrada, A. R. and S. B. Hedges. 1991. Nueva especie de Eleutherodactylus
(Anura: Leptodactylidae) de la Region Oriental de Cuba. Caribb. J. Sci. 27 (3-
4):139-145.

Estrada, A. R. and S. B. Hedges. 1996. A new frog of the genus
Eleutherodactylus from eastern Cuba (Anura, Leptodactylidae). Herpetologica
52(3):435-439.

Estrada, A. R. and S. B. Hedges. 1996. At the lower size limit in tetrapods: a new
diminutive frog from Cuba (Leptodactylidae: Eleutherodactylus). Copeia 1996
(4):852 -859.

Estrada, A. R. and S. B. Hedges. 1997. A new species of frog from the Sierra
Maestra, Cuba (Leptodactylidae: Eleutherodactylus). J. Herpetology 31:364-368.
Estrada, A. R. and S. B. Hedges. 1997. Nueva especie de Eleutherodactylus
(Anura: Leptodactylidae) del macizo Sagua-Baracoa, Cuba. Caribb. J. Sci. 33(3-
4):222-226.

Estrada, A. R. and S. B. Hedges. 1998. Sistematica de las ranas riberefas de
Cuba (Leptodacylidae: Eleutherodactylus) con la descripcién de una nueva
especie. Caribb. J. Sci. 34(3-4):218-230.

Estrada, A., G. Alayon, A. Pérez, C. Pefia and E. Solana. 1987. Lista preliminar
de anfibios y reptiles de Cuchillas de Moa y Toa, Cuba. Garciana 8:3-4.

Estrada, A. R., L. M. Diaz and A. Rodriguez. 1997. Nueva especie de
Eleutherodactylus (Anura: Leptodactylidae) del litoral norte de La Habana, Cuba.
Rev. Esp. Herp. 11:19-24.

Fernandez, J. L., A. Fong, F. Rodriguez, P. Lopez, E. Portuondo and B.
Lauranzén. 2005. Inventario rapido de algunos grupos faunisticos en el area
protegida “Pico Caracas”, Cuba. Informe final, BIOECO, Santiago de Cuba.
Fong, A. 1994. Biodiversidad de vertebrados de la Regién Oriental de Cuba.

Tesis de Licenciatura, Universidad de Oriente, Santiago de Cuba.

20



Status, distribution and conservation of threatened amphibians of Cuban rainforests

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Fong, A. 1999. Changes in amphibian composition in altered habitats in eastern
Cuba. Froglog, 36:2.

Fong, A. 2000. Herpetofauna de las cuencas de los rios Toa y Duaba, Cuba.
Biodiv. Cuba Oriental 5:119-123.

Fong, A. 2000. Ampliacion de la distribucion de especies de anfibios y reptiles de
Cuba oriental. Biodiv. Cuba Oriental, 4:87-89.

Fong, A. 2005. Anfibios y reptiles. In A. Fong, D. Maceira, W. S. Alverson and J.
M. Shopland (eds.), Cuba: Siboney-Jutici. Rapid Biological Inventories Report 10.
The Field Museum, Chicago.

Fong, A. 2005. Anfibios y reptiles. In D. Maceira, A. Fong, and W. S. Alverson
(eds.), Cuba: Pico Mogote. Rapid Biological Inventories Report 10. The Field
Museum, Chicago.

Fong, A and G. Garcés. 2002. Bufo taladai (NCN). Diet. Herpetol. Rev. 33(4):302.
Fong, A. and N. Navarro. 2001. Checklist of amphibians and reptiles of the
Sagua-Baracoa mountains, eastern Cuba. Smithsonian Herp. Inf. Serv. 130:1-13.
Fong, A., L. M. Diaz and N. Vifia. 2005. Anfibios y reptiles. In Maceira, D., A.
Fong, and W. S. Alverson (eds.), Cuba: Parque Nacional “Alejandro de
Humboldt”. Rapid Biological Inventories Report 12. The Field Museum, Chicago..
Garrido, O. H. and M. L. Jaume. 1984. Catalogo descriptivo de los anfibios y
reptiles de Cuba. Dofiana, Acta Vertebrata 11(2):5-128.

Hedges, S. B., A. R. Estrada and R. Thomas. 1992. Three new species of
Eleutherodactylus from eastern Cuba, with notes on vocalizations of other
species (Anura: Leptodactylidae). Herpetol. Monogr. 6:68-83.

Hedges, S. B., C. A. Hass and L. R. Maxson. 1992. Caribbean biogeography:
molecular evidence for dispersal in West Indian terrestrial vertebrates. Proc. Natl.
Acad. Sci. 89:1909-1913.

Hedges, S. B., L. Gonzéalez and A. R. Estrada. 1995. Rediscovery of the Cuban
frogs Eleutherodactylus cubanus and E. turquinensis (Anura:Leptodactylidae).
Caribb. J. Sci. 31(3-4):327-332.

Lando, R. V. and E. E. Williams. 1969. Notes on the herpetology of the U. S.
Naval Base at Guantanamo Bay, Cuba. Studies Fauna Curacao Carib. Islands
31(116):159-201.

Moreno, L. V. 1969. Situacion taxonémica del Bufo taladai jaumei. Ser. Biol. 13:3-
19.

Powell, R., R. W. Henderson, K. Adler and H. A. Dundee. 1996. An annotated
cheklist of West Indian Amphibians and Reptiles. pp. 51-93 In R. Powell and R.

W. Henderson (eds.) Contributions to West Indian herpetology: a tribute to Albert

21



Status, distribution and conservation of threatened amphibians of Cuban rainforests

43.

44.

45.

46.
47.

48.

49.

50.

51.
52.

53.

54.

55.

56.

S7.

58.

Schwartz, SSAR, New York. Contr. Herpetol. 12.

Rodriguez, A. and R. Alonso. 2000. Threatened amphibians of Cuba. Froglog
37:5-6.

Rodriguez, A. and R. Alonso. 2003. Eleutherodactylus ronaldi. Geographic
distribution. Herp. Rev. 34(3):258.

Rodriguez, A. and R. Alonso. 2003. Eleutherodactylus tetajulia. Geographic
distribution. Herp. Rev. 34(3):258.

Ruiz, F. N. 1987. Anfibios de Cuba. Cientifico-Técnica, La Habana, 70 pp.
Schmidt, K. P. 1920. Some new and rare amphibians and reptiles from Cuba.
Proc. Linnean Soc. New York 33:1-8.

Schwartz, A. 1958. Four new frogs of the genus Eleutherodactylus
(Leptodactylidae) from Cuba. Amer. Mus. Nov. 1873:1-20.

Schwartz, A. 1959. A new species of frog of the Eleutherodactylus ricordi group
from Central Cuba. Amer. Mus. Nov. 1926:1-16.

Schwartz, A. 1960. Nine new Cuban frogs of the genus Eleutherodactylus.
Reading Public Mus. Art Gallery, Sci. Publ. 11:1-50.

Schwartz, A. 1960. The large toads of Cuba. Proc.Biol.Soc.Washington 73:45-56.
Schwartz, A. 1965. A new Cuban Eleutherodactylus of the auriculatus group.
Herpetologica 21 (1):27-31.

Schwartz, A. and R. W. Henderson. 1991. Amphibians and reptiles of the West
Indies. Descriptions, distributions, and natural history. University of Florida Press,
Gainesville, xvi + 720 pp.

Schwartz, A., R. Thomas and L. D. Ober. 1978. First supplement to a check-list of
West Indian amphibians and reptiles. Carnegie Mus. Nat. Hist. Spec. Pub. 5:1-35.
Schwartz, A. and R. Thomas. 1975. A check-list of West Indian amphibians and
reptiles. Carnegie Mus. Nat. Hist. Special Publ. 1:1-216.

Silva Taboada, G. 1988. Sinopsis de la espeleofauna cubana. Cientifico Técnica,
La Habana, 144 pp.

Valdés, A. 1989. Notas sobre Sminthillus limbatus (Cope). Caribb. J. Sci. 25(1-
2):96-98.

Valdés, A. and F. Ruiz. 1980. Consideraciones sistematicas sobre Bufo
longinasus (Anura: Bufonidae) de Cuba y descripcién de una nueva subespecie.
Poeyana, 206:1-34.

22



Status, distribution and conservation of threatened amphibians of Cuban rainforests

Appendix B. List of Cuban and foreign collections from which catalogue data

on Cuban species were obtained.

Institution Acronym  Country
Academy of Natural Sciences of Philadelphia ANSP USA
American Museum of Natural History AMNH USA
California Academy of Sciences CAS USA
Centro Oriental de Ecosistemas y Biodiversidad (BIOECO) BSC.H Cuba
Florida Natural History Museum FLMNH USA
lllinois Natural History Amphibian & Reptile Collection INHS USA
Instituto de Ecologia y Sistematica (IES) CZACC Cuba
Kansas University, Natural History Museum KU USA
Los Angeles County Museum LACM USA
Museo “Charles T. Ramsden”, Universidad de Oriente CTR Cuba
Museo de Historia Natural “Carlos de la Torre” MHNH Cuba
Museo Nacional de Historia Natural MNHNCu Cuba
Museum of Comparative Zoology MCZ USA
Museum of Vertebrate Zoology MVZ USA
Museum of Zoology, University of Michigan UMMZ USA
San Diego Natural History Museum SDNHM USA
United States National Museum USNM USA
University of Illinois Museum of Natural History UIMNH USA
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Appendix C. List of amphibian species with areas of potential distribution

inside the network of Cuban protected areas.

Numbers correspond to species as follows: 1=B. peltocephalus, 2=B. taladai, 3=E.

acmonis, 4=E. albipes, 5=E. auriculatus, 6=E. bartonsmithi, 7=E. bresslerae, 8=E.

cubanus, 9=E. cuneatus, 10=E. dimidiatus, 11=E. glamyrus, 12=E. guantanamera, 13=E.

gundlachi, 14=E. iberia, 15=E. intermedius.
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13 14 15
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Cayo Rey
Desembarco del Granma
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Esparto

Gran Piedra
Hatibonico

Alejandro de Humboldt
Imias

La Caoba

La Espaiiita

Loma El Gato

Maisi

Macambo

La Mensura - Pilotos
Maisi - Yumuri

Monte Bisse

Monte Micara

Monte Verde

Pico Caracas

Pico Cristal

Pico Galan

Pico Mogote

Pinar de Montecristo
Parnaso - Los Montes
Puriales

Pozo Prieto

Quibijan- Duaba- Yunque
Resolladero del rio Cuzco
El Retiro

Siboney - Jutici

San Miguel de Parada
Sierra del Convento
Tacre

Turquino

La Victoria - Yumuri

X X X X X X X X X X X

x

X X X X X

X X X X X X X

X X

XXX XXX XXXXXXX

X X XN

X X X X X X X

X X X

X X X

X

XXX XXX XXX XXXX x X

X X X X
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X

X
X
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X
X
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Appendix C. Continued.

Numbers correspond to species as follows: 16=E. ionthus, 17=E. limbatus, 18=E.
maestrensis, 19=E. mariposa, 20=E. melacara, 21=E. michaelsmithi, 22=E. orientalis,
23=E. pezopetrus, 24=E. principalis, 25=E. ricordii, 26=E. ronaldi, 27=E. tetajulia, 28=E.

toa, 29=E. turquinensis.

Name of the protected area:
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17 18 19 20 21 22 23 24 25
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Abra de Mariana
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La Bayamesa
Boqueron

Batalla de Guisa
Baitiquiri
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Charrascales de Micara
Cafion del rio Yumuri
Cerro Miraflores

Cayo Rey
Desembarco del Granma
El Gigante

Esparto

Gran Piedra
Hatibonico

Alejandro de Humboldt
Imias

La Caoba

La Espanita

Loma El Gato

Maisi

Macambo

La Mensura - Pilotos
Maisi - Yumuri

Monte Bisse

Monte Micara

Monte Verde

Pico Caracas

Pico Cristal

Pico Galan

Pico Mogote

Pinar de Montecristo
Parnaso - Los Montes
Puriales

Pozo Prieto

Quibijan- Duaba- Yunque
Resolladero del rio Cuzco
El Retiro

Siboney - Jutici

San Miguel de Parada
Sierra del Convento
Tacre

Turquino

La Victoria - Yumuri

XXX XXX XXX XX X X X

X X X X

> X X X X X X X

X

X

X X X X

X X

X X X X X X X X X X X X X

X X

X

X X X

x X X X X X X X

X X X X X

X X X X

XXX XXX XXXXXXXXX

x X X X X X X X X X X x

X X X X X X
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Appendix D. Sample of the poster and brochure (only one side shown) made

for the project and handed out in the human communities living in/around the

surveyed areas.
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