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Abstract 
 
Amphibian diversity and abundance  in relation to environmental change in 

Harenna Forest, BMNP was assessed using four complementary methods: 

amphibian sampling, GIS and Remote sensing, measuring and analysis of 

Developmental Instability (DI) in frogs and conducting focus group discussions. 

Sampling of amphibian communities was conducted during July-August 2008 

and February 2009; which includes wet and dry seasons in the area. Systematic 

sampling survey, Random search, VES and AES methods were used to 

determine the current abundance, distribution and diversity of the amphibians. 

Data on diversity, evenness and dominance was analyzed using Shannon-

Weaver’s (H) index and Simpson’s diversity index (D). 

The total number of individuals encountered in both seasons equals 159. 

Number of amphibians as determined from the total count was 54 and 105 

individuals during the wet and dry seasons, respectively. Seven endemic 

amphibian species which belong to one order, 4 families and 6 genera were 

recorded. 

The current number and species of amphibians was compared with the past  

investigation of amphibians in the Harenna Forest known as the 1986 Harenna 

Forest expedition. The results show a decrease in abundance and diversity of 

amphibians over the past 20 years given the intensive sampling in the present 

investigation. 

GIS and Remote sensing methods using satellite images of the Harenna Forest 

were used to quantitatively analyze land use/land cover changes from 1973 to 

2000. The results show a significant reduction in the forest cover and wetlands 

followed by the establishment of new land use types such as agricultural land 

and settlement in 2000. 

Measurement and analysis of DI in frogs revealed that the frogs collected in the 

present investigation show anti symmetry in the left and right differences, which 

is an indication of unhealthy environment or  that frogs are at risk of declining. 
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Focus group discussions were conducted with  the local people living in Harenna 

Forest to qualitatively assess their awareness about  environmental change and 

its influence on their daily life. It is manifested that local people are aware of 

change in their environment. Findings from the four methodological approaches 

revealed the number of amphibians have  declined over the  past 20  years. 

 

Key words:  Amphibian, Harenna Forest,  Diversity, Abundance, 
Environmental change 
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1.   Introduction and Literature Review 
 

1.1. Introduction 

Ethiopia as a country has an extremely interesting and significant wildlife resources, 

this is high-lighted both by the large area of highlands or land above 2,000 m,  

(Yalden 1983, as cited in Largen, 2001) and by the isolation of the highlands from 

the  surrounding lowlands. The significant environmental contrasts have long been 

recognized as an outstandingly important centre of biological diversity and 

endemicity. 10.3% of the snake species in Ethiopia and Eritrea appear to be 

regionally endemic,(Largen & Ramussen, 1993 as cited in Largen, 2001). Studies on 

the mammal fauna indicated endemicity of 10.5% in the same area (Yalden et al., 

1996 as cited in (Largen, 2001). In Ethiopia, it is reported that there are 63 species 

of amphibia of which a remarkable 25 species (40% of the total) are considered to 

be endemic. This includes six endemic genera, namely Sylvacaecilia Wake 1987, 

Altiphyrnoides Dubois 1987, Spinophyrnoides Dubois 1987, Ericabatrachus Largen 

1991, Balebreviceps Largen and Drewes 1989 and Paracassina Peracca 1907. 

Three amphibian species appear to be confined to low land forest in south- western 

Ethiopia. But the majority of endemics are most clearly associated with montane 

forest grass land or moor land in the altitudinal range 1800-4000 m. (Largen, 2001). 
 

According to Largen (2001), during the period between 1841- 1986, Ethiopia was 

explored by many travelers, primarily concerned with surveying or big game hunting, 

some of them returned home with unique  amphibian specimens.  
 

Finally, in August 1986, a three week expedition led by Jesse, C. Hillman was 

conducted in the Harenna Forest of the BMNP. The resulting collections now 

preserved in the Liverpool Museum include specimens such as Balebrevicepis 

hillmani, Ptychadena harenna and Ericabatrachus baleensis. The expedition was 

said to be one of the most successful ever undertaken in Ethiopia and provided a 

very clear indication of how much still remains to be learned.  Recently eighteen of 

the amphibians recognized in Ethiopia have been described since 1970. Yet there is 
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still considerable scope for new discoveries, particularly in the vast areas of the 

country that have yet to be adequately explored by herpetologists ( Largen, 2001). 
 

The Bale Mountains encompassing 2,200 km2 of mountain and forest area, found 

within the National Regional State of Oromia in South-Eastern Ethiopia, are the most 

important conservation area in the Ethiopian Highlands and are of international 

significance. They are part of one of 34 International Biodiversity Hotspots and the 

area qualifies for World Heritage Site and Biosphere Reserve Listing.  They are 

noted for their scenic splendor. These mountains are ecologically very important as 

they comprise Afro-Alpine moor lands, rare in Africa, montane grasslands and moist 

lowland forests. They also contain water catchment areas significant for the 

maintenance of the water and climatic cycles in this region. 
 

The Bale Mountains are also a “Water tower”, being the origin of major rivers of 

regional importance and has dry season water-holding capacity in its swamps and 

lakes. This hydrological system is of critical importance to some 12 million 

downstream users. Bale is also very important from other social and cultural 

aspects, with local communities partially or totally dependant on many of its natural 

resources such as grass, non-timber forest products and fuel wood. With its scenery, 

biological and cultural attractions, the Bale Mountains have great potential for 

tourism although this is currently largely untapped (GMP BMNP,  2007 ). 
 

The Bale Mountains are a centre of endemism, and are the most important area for 

a number of threatened Ethiopian endemics. They are the homes of Ethiopia’s 

unique antelope, the Mountain Nyala (Tragelaphus buxtoni) two other endemic 

species the Menelik’s Bush buck (Tragelaphus scriptus meneliki) and the Ethiopian 

wolf (Canis simensis/) 
 

In total, 26% of Ethiopia’s endemic mammal species are found in the area, including 

1 Primate ( Bale Monkey), 1 bovid, 1 hare and 8 species of rodents. Interestingly, 

the entire global population of the endemic giant mole rat (Trachyorcytes 

macrocephalus) is found in BMNP. The other major species of wildlife are Leopards 
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(Panthera pardus ), Lions , Wild dogs, Servals (Felis serval), Duiker (Cephalophus 

spp), Warthog (Phacochorrus aethiopicus), Mountain Reedbuck (Redunca 

fulvorufula), Klipspringer (Oreotragus oreotragus), Olive baboon (Papio anubis), 

Colobus monkey (Colobus guereza) and Vervet monkeys (Cercopithecus (a) 

pygerthrus). 
 

Of the areas recorded 6 % of the birds are Ethiopian endemics. Some of the species 

include the endemic blue winged goose (Cyanochen cynopterus). The Lammergeyer 

or the bone breaker (Gypaetus barbatus). 1321 species of flowering plants, 163 

endemics 23 found only in BMNP. 
 

In addition, the Bale Mountains National Park is  home to at least 17 amphibian taxa, 

including 48% of the endemic species, and  is a hot- spot for amphibian diversity. It 

is renowned for the number of endemic genera, (Altiphyrnoides, Spinophyrnoides, 

Balebreviceps and Ericabatrachus), which are not fund in other parts of Africa.. 
 

Numerous factors, such as global environmental changes, habitat destruction, 

introduced species, diseases, and chemical pollution, appear to be contributing to 

world wide amphibian population declines. Moreover, the life history characteristics 

and behavior of many amphibian species appear to be placing them at a higher risk 

than many other species. 

The most important factor leading to amphibian population declines appears to be 

habitat destruction. When forests are cleared it is no surprise that species that once 

lived and depended on risk ecosystems subsequently disappear. What is alarming is 

that there are many cases where the habitat was protected and amphibians are still 

disappearing. The causes for recent amphibian declines are many, but an emerging 

disease called chytridiomycosis and global climate change are thought to be an 

increasing threat  to amphibians. Chytridiomycosis is a disease caused by the fungal 

chytrid pathogen Batrachochytrium dendrobatidis. This pathogen is associated with 

the global loss of hundreds of species of amphibians and represents a spectacular 

loss of biodiversity, some say the worst in recorded history.   
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Development of Remote Sensing and Geographic Information System (GIS) 

technologies have led to the betterment of mapping and interpretation techniques. 

Such approaches are used as a means of understanding and effectively managing 

the present resources sustainably. Remote Sensing is a powerful technique for 

Surveying, Mapping and Monitoring earth resources. Remote sensing combined with 

GIS allows the storage, manipulation and analysis for Geographic information and 

Socio-economics data and  provides  a powerful approach for addressing a number 

of questions. For example, Land resource and environmental decision makers 

require quantitative information on the spatial distribution of land use types and their 

conditions as well as temporal changes. Remotely sensed satellite data in 

conjunction with available other data sources have been used to investigate such  

environmental changes. Mendis & Vadigamangawa (1996). 

According to Alfrod et al, 1989 Levels of developmental instability (DI), usually 

measured by examining the degree of asymmetry of bilateral structures, increase as 

stress increases  or health decreases in many species. Several studies have shown 

that DI levels increase during or before population declines. Increases in population 

DI levels may therefore indicate that populations are at risk of declining. It is 

therefore very important to use such methods of measurement and analysis of the 

limbs of amphibians, as applied in this study. 

This study was aimed to obtain a base line information, on the current occurrence, 

diversity, abundance, and distribution of the amphibians in the Harenna Forest of the 

BMNP in relation to the state of the environment over the past 30 years. In addition it 

assessed the views of the local people concerning the changes in the environment 

and the impacts of human activities in the National Park. 
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1.2. Literature Review 

1.2.1. General Characteristics of amphibians 

Amphibians are vertebrate animals with smooth skins. Except in a few species, their 

fingers and toes lack claws. These features, and the absence of external scales, 

readily distinguished them from either fishes or reptiles. Except for limbless 

caecilians, they have paired limbs as adults. Typically, eggs are laid in water where 

larvae, called tadpoles, develop until metamorphosis.  Prior to metamorphosis, leg 

develop, ready to take over locomotion as the tail is absorbed during transformation.  

The word “amphibian” meaning “double life”, refers to the mode of life amphibians 

have; usually they spend part of their lives in water and part on land. After 

metamorphosis an amphibian may return to the water only for breeding and egg 

laying. As with most organisms, there are exceptions to the usual.  Some 

amphibians, such as the bush Squekers (Arthropletis) spend their entire life out of 

water. Eggs are laid in moist subterranean holes in rotting wood, and the larval 

period is completed in the egg before hatching. By contrast, forms such as the 

clawed frogs (Xenopus) spend most of their life in water, leaving it only for brief 

migrations or hibernation. 
 
There are many more modes of reproduction in amphibia, especially concerning egg 

lying, than in any group of other vertebrates.  Some deposit eggs in water, some on 

or under earth; some lay eggs in communal masses of froth in the trees; others carry 

their eggs on their backs. A few guard their nests, but most species abandon their 

eggs once they have been laid. Since the eggs have no shell to protect them from 

drying, they will die unless laid in a moist situation. Two layers of transparent 

gelatinous material surrounding the eggs help to protect the embryo inside. Eggs 

exposed to the sunlight are usually pigmented; those laid in concealed places lack 

pigment. 
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Amphibians are cold-blooded and relatively sluggish organisms with a low metabolic 

rate. Since their skin is an important respiratory organ, it is liberally supplied with 

glands which help keep the body moist. Amphibians are usually restricted to areas 

which are moist, cool, or have high humidity for at least part of the day. However, 

some frogs can remain exposed to bright sunlight during the hottest days. Small 

sedge frogs (Hyperolius) or tree frogs (Chiromantis) sitting in the midday sun, their 

bodies chalk-white. Such forms can regulate their temperature, to some degree, by 

color changes or by orientation of the body. They may sit so that only the narrow 

edge of the body is exposed to the sun, thereby reducing the impact of the sun’s 

rays. Other behavioral patterns, as well as internal modifications, help prevent 

extreme changes in moisture or body temperature. For example, most activity 

occurs at night when air temperature is lower and more moisture is available. In dry 

or very cold seasons, many species aestivate or hibernate in the soil or in rotting 

wood where they are insulated from outside changes. 
 

Many people think frogs and toads are dangerous and will bite. On the contrary, of 

all groups of vertebrates they are the most gentle and the safest to handle. Most 

amphibians are completely harmless; however, some toads and a few frogs produce 

secretions irritating to the skin of some people.  
 

Frogs and toads are extremely useful animals and should be protected. They eat 

large numbers of insects, including many harmful ones. This is particularly true of 

the common Square-marked Toad, Bufo regularis, which is often found around the 

house or garden. Tadpoles of some species feed primarily on mosquito larvae. Many 

animals prey on amphibians. Snakes, fishes, and water birds such as cranes and 

herons, feed heavily on tadpoles and adults. Water beetles and other insects often 

feed on tadpoles. The Square-marked Toad seems to be a preferred item in the diet 

of the Spitting Cobra. Some amphibians may eat their own kind or other species of 

amphibians; in such instances, the largest individual is the survivor. 
 

Amphibians are protected from predation by several mechanisms. They may 

demonstrate protective coloration by blending with the black-ground, and they sit 
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“quietly during the day when the majority of predators are active. Most frogs have 

the ability to jump long distances, thereby escaping capture. Those which move 

slowly, such as toads, secrete from skin glands a milky material unpleasant or 

poisonous to other animals. If one protective adaptation is present, others are 

usually absent from that species” (Stewart 1967),(Rose 1927). 

1.2.2. Amphibian taxonomy  

The Living class amphibia, is comprised of    three orders.     

i. The Urodela or Caudata consisting of the tailed amphibians or Salamanders. 

Their   body form is very similar to the Lizard. They do not occur in Africa; 

south of the Sahara. North America has the greatest number of species.   
 

ii. The Anura or Salientia are frogs and toads, or the tail less forms, which have 

large hind legs for jumping.  
 

iii. The Gymnophiona, Apoda (Caecilians) are highly specialized amphibians 

which resemble worms. They lack limbs, live under ground, and have smooth 

skins with minute scales imbedded, in the skin. (Oliver 1965),(Rose 1927) 
 

Amphibians are one of the most diverse and ancient vertebrate groups. According to 

http://www.amphibiaweb.org/lists accessed on (May 19, 2009) there are 6,487 

amphibian species documented world wide. The list of the families and the number 

of amphibian species in the world is given in Appendix 1,    

1.2.3. The History of amphibian studies in Ethiopia 

The first amphibians collected and described from Ethiopia appear to have been 

those obtained near Adua, during the period 1839-1841, by a scientific mission 

under the command of Thesphile Lefiever. The specimens were deposited in the 

Museum National d’ Historie Naturalle in Paris and become the types of Hyperolis 

viridiflavus (Dumeril & Bibron, 1841 as cited in Largen, 2001). Furthermore, the 

country was  explored by many travelers, often primarily concerned with surveying or 

big game hunting, some of them returned  back to  their country with some unique 

http://www.amphibiaweb.org/lists
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specimens of amphibians mostly encountered on their way. Those who made 

particular contribution  to collect these unique herpetofauna  were mainly of Italian, 

British, German or American nationality (Largen, 2001).  

Vincenzo Ragazzi,   who was a director of the Italian station at Let Marefia  had 

collected many amphibians amongst which later became the types of Paracassina 

obscura and Leptopelis ragazzi, obtained in 1885 and 1892 respectively. During 

1891- 1893 Eugenio Ruspoli, traveled extensively in eastern and southern Ethiopia; 

the Ogaden region followed by a journey from Dolo to Lake Abaya. The results of 

this work included the discovery of Chiromantis kelleri, based upon material said by 

Boulenger (1896c) to have been collected in 1891. In 1892- 1893 Vittorio Boettego  

travelled from Berbera on the Somali coast through the Ogaden region and 

conducted a detailed investigation of the drainage system of the Genale and Dawa 

rivers. By 1895, Vittorio Bottego, again returned to Ethiopia, and traveled  from Dolo 

to Lake Abaya, the Omo River and Lake Rudolf before his unfortunate death in 

1897. His companions returned back home with some collections of amphibians that 

included the first examples of Leptopelis gramineus and Leptopelis vannutelli. 

During 1894 -1895 Arthur Donaldson Smith undertook two expeditions. Starting from 

Berbera, he made a survey of previously unexplored areas in northern Bale province 

and visits to   Lakes Abaya, Chamo and Stephanie amongst the amphibians 

contributed by this explorer were the type specimens of Bufo dodsoni, Hilderbrandtia 

macro tympanum and Phrynobatrachus minutus. 

During 1899 - 1901, there was a German expedition, led by Carlo Von Erlanger and 

Oscar Neuman, who were Zoological researchers in central and Southern Ethiopia. 

They traveled from the Somali coast at  zeila  to Harar and then onwards, through 

the northern foot hills of the Arussi Mountains, to Addis Ababa. Then they moved 

South wards along the Rift valley to Lake Chamo. From there, Erlanger travelled 

north east into the Bale Mountains, but yet again missed the opportunity for 

rewarding exploration at high altitude, before once more turning south and following 

the Genale River into Somalia. Neuman moved  west  wards by way of Kaffa 
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Province, into the Sudan and eventually back to Europe via Khartoum. The 

amphibian materials collected from his expedition deposited in Berlin Zoologisches 

Museum, were not researched until  many years later (AHL, 1924), published a 

report on the  collection, along with descriptions of several species that he believed 

to be new, although only  Ptychadena erlangeri, Ptychadena neumanni and Kassina 

maculifer are currently considered valid.  Ptychadena nana was included amongst 

the material but not recognized and described until 1980 (Largen, 2001). 

During 1901-1902 Edward Degen collected along a route that extended from Zeila, 

by  way of Harar and lake  Zwai, to Addis Ababa and from there northwards through 

Gojam province to Lake Tana. His   amphibian collections accessioned since 1902 

in the Natural History Museum of London, is documented for the first time in 2001 

was extraordinary, especially when it is realized that no less than seven of the 

fourteen Species which Degen collected were new to Science. All were described 

much later, and on the basis of specimens captured by others. 
 
During  1926 the entomologist Hugh Scott together with a freshwater biologist called 

Joseph Omer- Cooper, collected 11 amphibian species included  the endemic 

Ptychadena cooperi , described for the first time by Parker, (1930).In 1926  - 1927,  

a major expedition on behalf of the Field Museum of Natural history in Chicago, 

Wilfred H. Osgood was a member of the team, who was known to be a 

mammalogist, had collected amphibians and reptiles. His material reviewed by 

Loveridge, (1932, 1936a), included the type specimens of Spinophrynoides osgoodi . 
 

During (1936 – 1941), two Italian expeditions, the Missione Biologica nel Paesedei 

Borana in 1937 and the Missione Biologica Sagan-Omo in 1939, both led by 

Edwardo Zavattari, explored the Borana region from Dolo west wards to Lake 

Stephanie and the Omo River. Their amphibian collections, now preserved in Milan 

at the Museo Civico distoria Naturale,  were documented by Scortecci (1940, 1943). 

were conducted, in the southern part of Ethiopia. 
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Finally, during 3 weeks in August 1986, the Harena Forest expedition led by Jesse 

C. Hillman of the Ethiopian Wildlife Conservation Organization, conducted a survey 

on the southern slopes of the Bale Mountains. The resulting collections now 

preserved in the Liverpool Museum include specimens such as Balebrevicepis 

hillmani, Ptychadena harenna and Ericabatrachus baleensis. In terms of rewards 

obtained, relative to time and effort invested, this expedition was said to be one of 

the most successful ever undertaken in Ethiopia and provided a very clear indication 

of how much still remains to be learned in Ethiopia (Largen, 2001). Eighteen of the 

amphibian species recognized in Ethiopia have been described since 1970. Yet 

there is still considerable scope for new discoveries, particularly in the vast areas of 

the country that have yet to be adequately explored by herpetologists.(Largen,2001). 

In Ethiopia, it is known that there are 2 orders, 8 families, 24 genera and 63 species 

of amphibians. While 25 (about 40%) of them are considered to be endemic and 

most of them are montane and/or forest forms. 
 

Thirty three (52.4%) of the amphibian species currently recognized in Ethiopia are 

Savanna forms, particularly associated with lowland areas surrounding and 

dissecting the central Plateau, although a surprising number penetrate well into the 

grassy foothills at altitudes of 1500- 2000 m, a few are even more adaptable 

Phrynobatrachus natalensis  extends to 2200 m, Hyperolius viridiflavus has been 

recorded at about 2400 m, while Bufo regularis, Tomopterna cryptotis and 

Cacosternum boetgeri all reach at least  2500 m.  
 

30.3% of lowland fauna is the Pan African Savanna element, represented by species 

that are widely distributed in the regions of Sub- Saharan Africa. 24.2% are Somali-

Arid species, particularly associated with the Semi-desert scrub grasslands of 

Somalia and eastern Ethiopia. Although some range south wards  to Kenya or even 

Tanzania, while others extend north wards around the edge of the plateau in to 

Eritrea and the Sudan and South western Egypt in the case of Bufo dodsoni. 

Twenty five (about 40%) of the amphibian species occurring in Ethiopia are 

considered to be endemic and most of these are montane and/or forest forms. 
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Seven of the eight families include endemic representatives, amongst which are six 

endemic genera:  Namely, Sylvacaecilia, Altiphyrnoides, Spinophrynoides, 

Ericabatrachus, Balebreviceps  and Paracassina . (Largen,  1998 & 2001).  

Three species, Sylvacaecilia grandisonae, Leptopelis vannutelli and Afrixalus 

clarkeorum, appear to be confined to the tropical deciduous forests of southwestern 

Ethiopia at altitudes below 2200 m, but the great majorities of endemics are most 

clearly associated with montane forest, grass land or moor land at elevations of 

1800 m and above.  

Of the 20 amphibians categorized as montane endemics, only four species are 

known to occur at significantly lower altitudes Hemisus microscaphus extends down 

to 1500 m in the forests of South western Ethiopia and it seems that the type locality 

of Ptychadena erlangeri may have been as low as 1300 m. Ptychadena neumanni 

appears to have the greatest altitudinal range than any other Ethiopian amphibian, in 

the Godare Forest at 820 m and in the Bale Mountains at 3800 m (Largen, 1998 & 

2001).  Paracassina obscura has also been collected at 820 m in the Godare Forest. 

Even though these are exceptional in distribution, montane endemics of Ethiopia 

tend to reach unusually low elevations only at   forested sites in the south western 

part of the country, while being conspicuously absent from similar altitudes in the 

arid grasslands of the south and east. 

Throughout most of its considerable range in sub Saharan Africa, Leptopelis  occurs 

at low to moderate  elevations and seldom  extends much above 2000 m, yet in 

Ethiopia the genus is represented by no fewer than four endemic species that are 

regularly found higher than 2600 m, including, Leptopelis gramineus, which reaches 

at an altitude of 3900 m. 

Amongst relict populations in the Ethiopian highlands is the breviciptine species 

Balebreviceps hillmani, which was discovered in 1986 and still known only from a 

single site just below the tree line at 3200 m in the Bale Mountains.  

“During the past 60 years, an eight-fold increase in the human population of Ethiopia 

has led to massive destruction of natural habitats, brought about by an ever-growing 
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demand for land and its produce. Forests and woodlands are perhaps most 

seriously in decline, being felled at an alarming rate to provide timber, fuel-wood and 

cleared ground for farming. In both the arid lowlands and on the high plateau, more 

and more marginal land is being forced in to temporary cultivation by subsistence 

farmers, even at altitudes in excess of 3,000 m. Inevitably, it is the welfare of those 

particularly precious elements of the flora and fauna, the known and still to be 

discovered montane and forest endemics that gives the most immediate cause for 

concern”  (Largen, 2001).  

The systematics of the Ethiopian amphibia, their zoogeographic affinities, including 

the altitudinal range within which they have been recorded in this country, is given in 

Appendix 2. 

1.2.4   Amphibians of the Bale Mountains National Park 
The Bale Mountains National Park is, by any standards, one of the most significant 

conservation areas in the whole of Africa and protects at least 17 amphibian taxa, 

including 48% of the 25 endemic species and five of the six endemic genera 

(Largen, 2001).  

 

1.2.5.  Amphibians as Indicators of environmental change 
Amphibians are likely to be the first to respond to environmental changes and their 

responses might forecast how other species will respond. Their moist, permeable 

skins make them susceptible to slight changes in the environment, could also be 

good ‘bellwethers’ for impending alterations in biodiversity during rapid climate 

change.  

Maps of the environment and amphibian distributions are now being used to   

investigate the question of how the environment and the distribution of amphibians 

change as one moves from one place to another place  around the globe. 

Researchers have found that if the environment changes rapidly, the amphibian and 

bird communities also change rapidly. However, the species of amphibians would 
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change more quickly than species of birds. This confirms that amphibians are 

particularly sensitive to changes in the environment, and it can also be concluded 

that they are sensitive given their narrow distributions. 

http://www.ucsb.edu/index.shtm. 

Amphibians are considered as excellent indicators of environmental change and 

contamination (Blaustein 1994, Blanstein and Wake 1995 Cited in http: 

//www.acessmylibrary.com/coms2/). Their skin is permeable and exposed (not 

covered by scales, hair, or feathers), and their eggs, which have no shells, may 

readily absorb substances from the environment. The complex life cycle of many 

amphibian species potentially exposes them to both aquatic and terrestrial 

environmental changes. These attributes, and the fact that amphibians are 

ectotherms, make them especially sensitive to changes in temperature and 

precipitation, and to other environmental changes such as greater ultraviolet (UV) 

radiation. 

1.2.6. Amphibian population declines  

Amphibians, a unique group of vertebrates containing over 6,487 known species, 

are threatened worldwide. A recent assessment of the entire group 

(iucnredlist.org/amphibians) found that nearly one-third (32%) of the world’s 

amphibian species are threatened, representing 1,856 species (Stuart et al, 2004). 

Amphibians have existed on earth for over 300 million years, yet in just the last two 

decades there have been an alarming number of extinctions, nearly 168 species are 

believed to have gone extinct and at least 2,469 (43%) more have populations that 

are declining. This indicates that the number of extinct and threatened species will 

probably continue to rise (Stuart et al,2004). 

Dramatic declines in amphibian populations, including population crashes and mass 

localized extinctions, have been noted since the 1980s from locations all over the 

world. These declines are perceived as one of the most critical threats to global 

biodiversity, and several causes are believed to be involved, disease, habitat 

http://www.iucnredlist.org/amphibians
http://en.wikipedia.org/wiki/Amphibian
http://en.wikipedia.org/wiki/Population
http://en.wikipedia.org/wiki/Extinction
http://en.wikipedia.org/wiki/Biodiversity
http://en.wikipedia.org/wiki/Disease
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destruction and modification, exploitation, pollution, pesticide use, introduced 

species, climate change, and increased ultraviolet-B radiation (UV-B). 

Because amphibians are important predators and prey in many ecosystems, 

declines in their populations may affect many other species that live within the same 

ecological community. For example, populations of aquatic insects and amphibian 

predators such as snakes, birds, mammals, and fish may be especially affected by a 

loss in amphibians. Moreover, the populations of animals that amphibians eat, such 

as mosquitoes, may increase as amphibians disappear. 

(http://www.encyclopedia.com) 

 

1.2.7.  Measuring and analyzing developmental instability as a tool 
for monitoring  health of frog populations 

 
Most features of normally bilaterally symmetrical animals exhibit some degree of 

asymmetry.  

Directional asymmetry occurs when the mean of the left – right differences in sizes 

of bilateral structures is not equal to zero. Directional asymmetry is an element of   

the genetic and developmental program of certain structures in many species. 

Anti symmetry occurs when a structure is less than perfectly symmetrical in the 

majority of individuals, but in any one individual, either side is equally likely to be the 

larger one. This leads to a bimodal distribution of left - right differences in structure, 

size, with a mean of zero. 
 

Anti symmetry occurs when normal developmental processes, such as feed back 

systems controlling the allocation of resources between body parts during 

development fail to function properly Graham et al1994 ; Emlen et al., 1994  cited in 

(Alfrod et al., 1999). The causes of this failure may be either genetic or 

environmental. Environmentally- induced anti symmetry can be used to measure 

developmental instability, because the ideal phenotype, perfect bilateral symmetry is 

known. The final form of symmetry is fluctuating asymmetry (FA), in which the 

population mode and mean is perfect symmetry of bilateral structures, with left – 

http://en.wikipedia.org/wiki/Habitat_destruction
http://en.wikipedia.org/wiki/Habitat_destruction
http://en.wikipedia.org/wiki/Habitat_destruction
http://en.wikipedia.org/wiki/Pollution
http://en.wikipedia.org/wiki/Pesticide
http://en.wikipedia.org/wiki/Introduced_species
http://en.wikipedia.org/wiki/Introduced_species
http://en.wikipedia.org/wiki/Climate_change
http://en.wikipedia.org/wiki/Ultraviolet-B
http://www.encyclopedia.com/
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right differences normally (or at least uni modally and symmetrically, distributed with 

a mean of zero. It is generally acknowledged that levels of FA provide a good index 

of levels of DI within populations ( Alfrod et  al., 1999). 
 

Measurements of DI may provide a more sensitive indication of the general health of 

animal populations than can be obtained through routine monitoring of population 

sizes. 

 

1.2.8. GIS and Remote Sensing 
 
The combined use of satellite remote sensing and geographic information systems 

(GIS) has become one of the important tools to study land-use change. Satellite 

remote sensing has long held promise as a powerful method of detecting forest 

canopy changes and mapping landscape structure over vast, often multi-

jurisdictional forest areas.  
 

Of all stressors to the environment, the conversion of undeveloped land may pose 

the highest ecological risk to the environment and people. A recent study has found 

that physical alteration of habitat, a consequence of land use change, is one of the 

most serious ecological problems. State wide, habitat loss, fragmentation, and 

introduction of invasive species are leading to loss of biodiversity and permanent 

destruction within several ecosystems. Other negative effects of land use change 

include traffic congestion, air pollution, and increased flooding and storm water flows 

due to greater impervious cover. 

http:www.state.nj.us/dep/fw/esp/landscape/index.htm) 
 

1.3     Significance of the study 
 
Amphibians have recently been a focus of concern due to the serious population 

declines documented world wide (Barinaga, 1990; Blaustein and Wake, 1990). 

Amphibians serve as good bio indicators as they live in contact with both terrestrial 

and aquatic ecosystems and are sensitive to changes in environmental conditions. 
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Very little is known about the amphibians of Ethiopia. The Lack of information about 

the species status, distribution and causes for the decline of amphibian population in 

Ethiopia is the most cause for concern. This study provides current information on 

the diversity, abundance and distribution of amphibians in the BMNP and it can 

serve as a  base line information for other research programs. 

The present investigation of amphibians was conducted inside the Harenna Forest 

of the Bale Mountains, which contain one of the largest natural forest patches 

remaining in Ethiopia. The forest is home to high levels of biodiversity and   

endemism. But its floral and faunal composition is poorly documented, and is 

critically at risk from deforestation and human encroachment. The natural resources 

of the area are being treated as open access resource and use is increasing with 

concomitant negative impacts such as agricultural expansion and livestock grazing 

(BMNP GMP, 2007). 
 

Therefore, it is very crucial for the management of the park to have up-to-date 

information about the impacts of these human related activities on amphibian 

diversity, distribution and abundance. This study investigated the impact of human 

activity in the forest and is intended to give light about the impact of environmental 

change on the biodiversity. It investigates the current diversity, abundance and 

distribution of amphibians in the Harenna Forest of the BMNP together with the Land 

use/ cover changes occurred in the Forest   over the last 30 years. 
 

Research on amphibians will build a baseline information on the distribution and 

occurrence of different species in relation to the state of the environment. Such 

information will contribute to the use of amphibians as indicator species in the park 

(outlined as a priority in the management plan).  
 

It is strongly believed that, the project will contribute in the filling of some of the 

information gaps identified by the Ethiopian Wildlife Conservation Authority (EWCA) 

and by the Bale Mountains National Park. 
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It is, therefore, expected to use the results of this study in the present and future 

management plans, and it aims to promote the understanding and conservation of 

the unique amphibians of the Bale Mountains National Park. 

 

 

1.3. Objectives of the study 
 
1.4.1  General objectives 

 The general objective of the study is to investigate the effect of environmental 

change on the diversity, abundance and distribution of amphibians in the 

Harenna Forest, Bale Mountains National Park (BMNP). 

1.4.2. Specific Objectives 
 

 To investigate environmental change in the Harenna Forest, by assessing 

changes in land use/  land cover over the last 30 years. 

 To investigate the change, in the diversity, abundance and distribution of 

amphibians 

 To investigate the presence and abundance of endemic species. 

 To provide information about the perceptions and views of local people 

regarding environmental change 

 To investigate the impacts of human activity on the park and to recommend 

possible remedial measures for the conservation of the park. 
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2. The study area and methods 

 2.1. The study area 

 
Figure  1. Location Map of the study area 
 
2.1.1. Location and topography 
The Bale Mountains National Park is located 400 km southeast of Addis Ababa in 

Oromia National Regional State in south-eastern Ethiopia. It was established in  

1970, this park covers about 2,200 square kilometers of the Bale Mountains to the 

west and southwest of Goba in the Bale Zone It belongs to the Bale-Arsi massif, 

which forms the western section of the south - eastern Ethiopian highlands. And it is 

the largest area of Afro-alpine habitat in the whole of the continent. 
 

The local boundary of the BMNP lies within five woredas: Adaba (west), Dinsho 

(north), Goba (northeast), Mana-Angetu (south) and Berbere (east). The park area is 

encompassed within geographical coordinates of 6º29' – 7º10'N and 39º28' – 

39º57'E and covers the largest area above 3000 m asl. in Africa. Tullu Dimtuu, 

http://en.wikipedia.org/wiki/Bale_Mountains
http://en.wikipedia.org/wiki/Goba
http://en.wikipedia.org/wiki/Bale_Zone
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altitude 4377m a.s.l., is the highest peak in the park and the second highest peak in 

Ethiopia. The park includes a major Afro alpine plateau over 3500 m a.s.l. as well 

the slopes to the south that include low land tropical moist forest down to 1500 m 

as.l,. The mountains are the highest part of Bale region and the park lies in the north 

west corner of the region. The rest of the Bale region falls off quickly in altitude to the 

hot, dry low lands bordering Somalia to the south –east and south 

(BMNPGMP,2007). 
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Figure 2.  Digital terrain model of BMNP 

Source: BMNP GMP (2007 – 2017) 

The major sub divisions of the BMNP 
 

i. The northern Gaysay area 
 

This is the small but important zone at the northern part of the Park, comprises 

almost flat land with swampy areas. The area is particularly important for Mountain 

Nyala. 
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The landscape of the northern Gaysay section extends from one mountain range to 

another, with a central broad flat valley and an altitudnal range of 3000 and 3550 m 

asl.  

The southern ridge of the Gaysay area, which is relatively dry, is mainly covered with 

Juniperus procera, while the relatively wet northern ridge is largely occupied by 

Hagenia abyssinica and Hypericum revolutum. The flat valleys of Gaysay are 

dominated by species of the genera Artemisia, Helichrysum, Ferula and 

Kniphofia,etc. 
 

ii. The central peaks and Sanetti plateau area 
 

The central peak of the park, an Afroalpine plateau, lies between about 2800m a.s.l 

in the north and 4377m asl. The northern escarpment of the Sanetti Plateau, which 

lies between 2800 and 3350 m asl. is dominated by Juniperus spp. followed by 

Hagenia-Hypericum stands between 3350-3500 m. The area between 3550 and 

4000 m a.s.l. is covered by Erica scrub on ridges and Helichrysum Moor land in the 

valleys. The flat Mountaintop is covered by Helichrysum moor land dotted with 

Lobelia. Much of the Sanetti plateau lies over 4000 m a..s..l. and there are several 

peaks ranging from 4050 m (Worgona and Wasema) to Tullu Dimtuu at 4377 m a.s.l. 
 

iii. The southern Harenna area 
  
The southern escarpment is covered by one of the most extensive and largely 

natural forests remaining in Ethiopia, the Harenna Forest extending between 39º-40º 

E and 6º-7º N. The slope of the southern escarpment decreases rapidly in altitude 

from the tree line at 3200 to 2000 m a.s.l. within a distance of only 8 km.  
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The Harenna forest and adjacent Mena- Angetu forest form the second largest stand 

of moist tropical forest remaining in Ethiopia. Approximately half of the park falls in 

this forest which ranges from 3500-1500 m a.s.l at the park boundary. This forest is 

home to high levels of biodiversity and endemism including  many threatened  

species such as Prunus africanus, Lions, and endangered African wild dogs along 

with  the more predictable Giant Forest Hogs. However its floral and faunal 

composition is poorly documented and further research is required (BMNP, GMP, 

2007). 

 
2.1.2. Geology and glaciation 
 

The Bale Mountains were formed from lava out springs during the Miocene and 

Oligocene geological periods. These trap lavas covered all the previous rock 

formations, and were formed prior to  the formation of  the rift valley, probably 

about 40-25 million years ago  (Mohr, 1963 as cited in Hillman, 1986). 
 

It is evident that the Bale Mountains were glaciated in the past. Evidence for this 

is given by the Finnish geographer Smeds (1959), and by Nilsson (1942 in Mohr 

1963). This glaciation is thought to have occurred about 2,000 years ago parallel 

with glaciation of the Simen Mountains, and glaciers descending to the 3,500 - 

3,000 m a.s.l on the higher East African Mountains of Mt. Kilimanjaro, Kenya and 

the Ruwenzori (Mohr, 1963, Nilsson, 1940, Wood, 1975, as cited in Hillman, 

1986). Much of the original topography of the Oligocene lava out springs has, 

therefore, been modified by over 20 million years of water, wind and ice erosion, 

to produce the landscape of the BMNP (Hillman, 1986).   

 

2.1.3. Climate 
 
Considerable variation in climate occurs over the park area, as a result of   the great 

variation in altitude, and by the very bulk of the Mountain massif itself, which attracts 

large amount of orographic rain.  
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The climate of the park area is characterized by a four month dry season 

(November- February) with low rainfall, low humidity, low nocturnal and high diurnal 

temperatures; followed by an eight month wet season, (March - October) with a high 

rainfall, high humidity, and higher nocturnal lower diurnal temperatures than in the 

dry season, with the rain fall well-distributed throughout the wet season.   
 

Rainfall can occur in any month of the year, although peak rainfall occurs between 

March and October, peaking in August and March.  The bulk of the rain falls in the 

latter half of the eight months. About 600-1000 mm falls annually in the lower altitude 

areas, and 1000-1400 mm in the higher areas. (GMP, BMNP, 2007). 
 

 The Park is in the area of Ethiopia affected both by the equator easterlies and the 

Indian Ocean air streams that is; rain is received from two different sources at 

different times of the wet season.  Total annual rainfall is about 1,100 mm at Dinsho, 

but there is considerable variation in total amount and timing   (Gamachu, 1977 as 

cited in Hillman, 1986).  

 

2.1.4. Hydrology 
The Bale Mountains massif is a very important water catchment area. The Afro 

alpine wetlands and the Harenna forest hold the water, releasing it year round to the 

arid and semi-arid areas of south-eastern and southern Ethiopia, including the 

Ogaden and Somali agricultural belt. Water flow is regulated and stabilized in the dry 

and rainy season through the water retention properties of the highland wetland 

areas and dry season rainfall in the mountains is crucial to maintain river flow. 
 

The watershed of the flat plateau is characterized by flat, swampy areas and many 

small shallow lakes which are crucial for flow regulation. Overall a total of some 40 

rivers rise in the BMNP area, contributing to the five major rivers: the Web, Wabe 

Shebelle, Welmel, Dumal and Ganale on which an estimated 12 million people 

depend. 
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The northern rivers were stocked with brown and rainbow trout in the 1960s and 70s 

and good fishing, under license, is still available in some areas. The major rivers and 

their tributaries are listed in Appendix 3. 

 
2.1.5. Flora 
 

The three main sub-sections of the park Northern Gaysay area, Central peaks and 

Sannetti plateau area and Southern Harenna area are demarcated by altitude, and 

this also controls vegetation zonation. Thus the central peaks and plateau area 

consists of Afroalpine vegetation; the northern Gaysay area of grassland, swamp 

and woodlands; and the southern Harenna area of dense forest. 
 

2.1. 5.1. Northern grasslands 
 

This very small, but very important zone comprises the flat land each side of the 

Gaysay River, and on the west bank of the Web River. The area occurs in the 

extreme north of the park, between Gaysay Mountain and the Adelay Ridge. 
 

These grasslands lie on almost flat land, whose drainage is poor, and inundation is 

frequent in the west season. Many places are, therefore, dominated by swamp 

grasses and sedges, especially of the Cyperus and Sciripus genera. Relatively 

higher parts are covered with low bush vegetation, dominated by Artemesia afra and 

Helichrysum splendium. Common grasses of these areas include those of the 

genera Andropogon, Bromus, Festuca and Poa. 
 

The bush species Helichrysum splendium has been almost totally eradicated outside 

the park boundaries by domestic sheep and goats. Protection by the park fences 

has allowed it to re-grow in the park, to a point where it appears to be taking over 

from the Artemesia. Both species are important food plants for Mountain Nyala, and 

shelter for several species. 
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2.1.5.2. Northern Woodlands 
 
This vegetation zone occupies a narrow belt in the northern west, north and north 

east of the park. The upper limit is the tree line at 3,400 m, and the lower is the 

grasslands in flat valley bottoms at around 3,000 m. The term “woodland” has been 

used here, as opposed to forest, since tree cover is sparse with an incomplete 

canopy, a high inter-tree distance and only a single canopy layer for the most part. 

Ground cover by herbs and grasses is good. This vegetation zone is found on 

slopes that are relatively steep (20 - 30º), and has, in many places, been affected by 

man’s activities. 
 

The species that dominate the northern woodlands are the trees Juniperus procera 

and Hagenia abyssinica. Most Junipers are relatively small (15-20 m tall) since the 

area is the upper limit to the species growth, and few are found near the upper tree 

line. 
 

The species Hypericum revolutum, produces a dense bush growth at the lower edge 

of the woodlands, while at the upper tree line the species grows as a tall, slender 

tree to at least 5 m. 
 

Extensive grass area occurs within the woodland especially on the steepest slopes. 

These contain similar species to the flat areas below, with the exception of the 

sedges. Some such areas have been artificially induced on high, flat ridges that 

were used for settlement in the past.  

 

2.1.5.3. Heather moorlands 
 
Various heather species dominate the areas immediately above the tree line, from 

3,400 to about 3,800 m altitude. Heathers in the genera Erica and Philipia cover all 

but the inundated valley bottoms. These plants will grow to over 5 m in height, but 

only exhibit this in a few places in the mountains. This vegetation is repeatedly burnt 
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by local people, mainly to make the area more accessible and generate plants of a 

height that can be browsed by livestock. As a result the plants are rarely more than 

1.5 m in height, and often much less. 
 

Mature heather stands exhibit a good grass and herb layer beneath the canopy. 

Frequently burnt areas have a poor ground cover, of low species diversity.  
 

2.1.5.4. Afro alpine moorlands 
 

This broad term covers a great range of microhabitats, controlled by a variety of 

soils, drainage, exposure and aspect in the high mountain area. Plant species 

diversity is low, and vegetation cover varies from 100% at the lower end of the 

altitude range and in sheltered areas, to less than 10% at the highest and exposed 

altitudes. Steep, rocky slopes and cliffs support very little vegetation growth. The 

higher in altitude a plant species is found, the smaller the growth form is likely to be 

as a protection against wind and frost. An additional factor that a major effect on 

vegetation at these altitudes, is the very high density of rodents, particularly the 

Giant Molerat (Tachyoryctes macrocephalus). The soil is constantly turned over and 

the plants cropped by the activities of these animals, such that many places on the 

Sanetti Plateau look as though they have been ploughed.  
 

There are many flat areas on the plateau which become quickly inundated in the wet 

season, or remain wet year round. These swampy areas are dominated by the 

sedge Carex monostachya. 
 

A distinctive feature of the vegetation of these altitudes is the giant plant Lobelia 

rynchopetalum. This species is found from 3,100 to 4,377 m, but the largest forms 

are found at the highest altitudes. The plant itself is unbranched, but reaches a 

height of 2-3 m before flowering, then sends up a tall flower spike to a total of 6 m or 

more. The dead flower spikes last for several years and are a characteristic sight of 

many parts of the central plateau and peak area. 
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2.1.5.5. Harenna Forest 
 
The Harenna Forest covers almost half of the park in area, at the southern park 

boundary and is a magnificent example of moist tropical forest, about which very 

little is known. It extends over a wide range of altitude, from 1,500 to 3,500 m, 

bridging the gap between Combretum/Terminalia dry, wooded grasslands and Afro 

alpine moor lands in just 60 km, probably the only place in Africa where this still 

occurs. 
 

The upper part of this forest area is on steep slopes and differs little from the 

northern woodlands. A notable absence is Juniperus. The tree cover is very high 

and dense stands of Mountain Bamboo (Arundinaria alpine) cover large areas. 

Below about 2,200 m, the slope is much gentler, and larger tree species appear, 

Podocarpus gracilior in particular. Trees over 30 m in height are common, there is 

good shrub undergrowth, a secondary canopy, lianes and dense epiphytic growths 

on all larger trees. 
 

The steeper slopes of the forest on the Harenna Escarpment are swathed in mist for 

much of the year, often all day. There are no rainfall records for the area, but it is 

evident from the many small streams, dense epiphytes, and the dense forest and 

undergrowth, that this area receives, retains, and slowly releases, much water 

(Hillman, 1986). 

 

2.1.6. Fauna 
 
The BMNP encompasses a broad range of habitats between 1,500 and 4,377 m 

altitude. These  provide a large number of niches for animals, and as a result there 

is great variety in the fauna. Much of the original stimulus for making a National Park 

in the Bale Mountains was the plights of the endemic Mountain Nyala and the 

Ethiopian wolf. There are, in fact, at least 46 mammal species, and 160 bird species, 

in addition to the numbers of species from other animal orders-reptiles, amphibians 
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etc., that all have a part in the complex ecosystems that have evolved in this unusual 

area. 
 

A large proportion of the Bale Mountains fauna is endemic- found nowhere else in 

the world, and in some cases nowhere else in Ethiopia. The variety of species and 

high rate of endemicity is due to the wide variety of habitats conserved in BMNP and 

to the isolation of the highland areas of Ethiopia from other similar highlands in 

Eastern Africa, by the surrounding hot dry lands. Ethiopia as a whole has a large 

number of endemic species. Yalden (1983) calculated that almost 80% of the land in 

Africa over 3,000 m altitude occurs in Ethiopia, and speculated that the high rate of 

endemicity was a result of this very large area of highland.  
 

It is certain that the numbers of endemic species in the invertebrates, and in the 

flora, will also prove to be very high in Bale. Information from a number of sources, 

but mainly from the works of Largen and Yalden, underlines the importance of the 

Bale Mountains as a center of endemicity, and reserve of unknown genetic 

resources,  (Hillman,1986). 

 
2.1.6.1. Mammals 
 
BMNP is the natural habitat for at least 46 mammal species. This represents about 

19% of the 239 mammal species recorded for Ethiopia (Yalden, Largen & Kock 

1974-1984 Cited in BMNP GMP, 2007). 
 

They range in size from the very small shrews (8 cm long, 15 gm weight) to the 

largest- the Mountain Nyala (241 cm long, 280 kg weight). 
 

Fifteen species (32%) of the total mammals are rodents, and 13 species (28%) are 

carnivores. Many of these are smaller carnivores, indicating the importance of the 

rodents as a food source. 
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Most notable amongst the endemic mammal species are: 
 

i.    Mountain Nyala (Tragelaphus buxtoni): The Mountain Nyala is an antelope 

endemic to Ethiopia. This species is mainly observable in the Gaysay area. 

ii.   Ethiopian wolf (Canis simensis): This species occurs mainly in the central peaks 

and plateau area of the park, although pairs regularly return to the Gaysay area 

every dry season, (Hilllman, 1986).  

iii.   Menelik’s Bush buck (Tragelaphus scriptus meneliki): This sub species is 

endemic to Ethiopia, and is found in high land forests on each side of the Rift 

Valley. The species inhabits the northern wood lands as well as the Harenna 

Forest in the south, but not found any where in the high mountain area in 

between. 

iv. Giant Mole rat (Trachyorcytes macrocephalus): This species is endemic not only 

to Ethiopia, but as far as can be determined to the Bale Mountains (Yalden, 1975 

as cited in Hillman, 1986). It is a large fossorial rodent found in particularly high 

numbers upon the Sanetti plateau, where it considerably modifies the soil and 

vegetation. It is the major component of the Ethiopian wolf diet by weight (Morris 

& Malcolm 1977as cited in Hillman, 1986), each adult individual weighing up to 

900 gm. This species is also found down at the altitude of Gaysay, but in much 

lower numbers, (Hillman, 1986).  

Rodent community 

 
The rodent community, particularly of the Afro alpine plateaus are a keystone 

ecological species in the BMNP. 32% of the 47 BMNP mammal species are rodents 

and they are the main natural grazers of the Afro alpine areas. In addition to the 

giant mole  rat, other endemic rodents are found throughout BMNP; for example 2 

endemic shrews have been identified in the Harenna forest and at least 8 endemic 

species in the whole park (GMPBMNP, 2007). 
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2.1.6.2. Birds 
 
There are more than 160 bird species in the BMNP area to date; this is 19% of the 

850 species recorded for Ethiopia.  Fourteen of the species in the park are endemic 

that is 57% of the 23 species endemic to Ethiopia (Urban & Brown, 1971). Ethiopia’s 

endemic birds found in the Bale Mountains include, Rouget’s rail, Spot-breasted 

plover, Blue-winged goose, the Black headed siskin and White-backed black tit. The 

area, with its abundant rodent community, is also very important for many 

internationally rare large eagles, vultures and other raptors. Bale is also the only 

known breeding site for a number of Eurasian species, such as the Golden Eagle, 

the ruddy shell duck and choughs. The park also has breeding populations of 

another species, the Wattled crane, the only known site out with southern Africa. In 

addition, it is an important over-wintering ground or passage station for migrants 

from Eurasia, particularly passerines and waterfowl. (BMNP GMP, 2007). 

 

2.1.6.2. Amphibians  
 
There are several rare and endemic amphibian species found only in 

BMNP(GMP,BMNP, 2007). 
 

The Bale mountains National Park is a home for at least 17 amphibian taxa, 

including 48% of the endemic species and five of the six endemic genera. 

(Altiphrynoides, Spinophrynoides, Balebreviceps, Ericabatrachus and Paracassina) 

(Largen, 2001). 
 

Generally, the existence of the BMNP is very important to the conservation of a 

major area of Afro alpine habitat, an area of exceptional natural scenic beauty, an 

important water catchment and flow regulation system and many endemic and 

important wild plant and animal species.      
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2.1.7. Human settlement, cultivation and land use 
 
Human settlement and cultivation inside BMNP has been increasing since the park 

was established in the 1970s. Some people lived or used the park before its 

establishment, but by 1986 the estimated population was just 2500 (Hillman, 1986).  
 

At that time, three main areas were settled, principally by pastoralists: the Upper 

Web Valley, the western boundary, and the Harenna escarpment. All reports 

suggest that settlement has increased markedly in the last 15 years, since the 

overthrow of the Dergue Government in 1991, as a result of the management 

vacuum in the area. In 2003, the number of inhabitants was estimated at over 

40,000, representing a 16-fold increase in 20 years (BMNP, 2004). Settlement 

appears to have increased in all areas of the park, including remote and inhospitable 

areas of the afro alpine and Harenna Forest. In 2003, 71 permanent and temporary 

settlements were recorded in the park in six main areas, namely Gojera, Rira, Wege, 

Harenna, Ayida, Gama Taja, and Meskel-Haricho (BMNP, 2004). Settlements in the 

afro alpine areas of Web Valley, the Central Peaks and Sanetti are mainly used as 

bases for cattle husbandry by seasonal agro-pastoralists. In the Harenna forest, 

Gojera and other areas on the park boundary, land has been cleared for agriculture, 

principally barley and garlic production and recent data suggest that clearing rates 

are increasing rapidly in the Harenna Forest.  
 

Cultivation and associated land clearance poses significant pressure on the 

ecosystem in BMNP, particularly in the Harenna forest and the north of the park (B & 

M Development Consultants, 2003 cited in BMNP, GMP, 2007). Aside from the 

obvious problems caused by habitat loss, unplanned and unmanaged expansion of 

cultivation often leads to habitat fragmentation and increased human wildlife conflict 

such as crop raiding by Mountain Nyala, bush pigs or baboons. Erosion, pollution 

and increased runoff also occurs when permanent vegetation is moved, leading to a 

change in hydrology.  
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In association with settlement and agricultural expansion, demand for timber and 

wood increases both locally and commercially for building and fuel as does 

overgrazing. Burning of Erica forest and scrub in BMNP has become recurrent and 

ecologically damaging, diminishing regeneration and altering the vegetation 

structure and composition of this ecologically important area. The increase in dogs 

associated with settlement and livestock has direct effects on wildlife through 

competition, predation, and the risk of disease transmission such as rabies and 

other canine diseases to Ethiopian wolves  (BMNP, GMP, 2007).   
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2.2. Methods 
 

Four different methodological approaches i. e Sampling of amphibian communities, 
GIS and Remote Sensing, Determining DI in Frog populations and Focus group 

discussions were used to investigate the effect of environmental change on the 

diversity, abundance, distribution and occurrence of amphibians in the Harenna 

Forest. Different perspectives are particularly important in the investigation of 

systems that are more complex and have many interlinked phenomena (Schwaller, 

2009). 

 

2.2.1. Amphibian sampling   
 

To investigate the amphibian assemblage the following methods were used. 

 
2.2.1.1. Quadrat sampling  
 

An experienced local guide leads the way to undisturbed/disturbed ericaceous forest 

area. In the area an initial elevation of 3200 m a. s. l. inside the forest is chosen as a 

starting point. 

 
Representative sampling sites were selected in degraded and pristine ericaceous 

areas of the forest, at relatively similar altitudes, and a total of 8, (20 m x 20 m) plots 

were formed independent of the presence or absence of water.  

 
2.2.1.1.1. Habitat data collection 
 

In the randomly established 20 x 20 m plots, the centre of the plot is determined by 

measuring 10 m along two adjacent sides of the plot and 10 m into the plot from 

these points. 
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I. The GPS coordinates and altitude for the central point of the plot were 

recorded    and saved. In each corner a 2 x 2 m subplot is measured out. A 

piece of rope with a knot every 2 m is used for this purpose. The centre 2 x 2 

m subplot is set out by measuring 1 m South and 1m West for the South-west 

corner and accordingly for the other corners. 
 

Habitat factors were measured using methods applied by FZS for long term 

monitoring of forest plots as well as some measurements were  adopted from 

the work of Rödel and Ernst, 2004 and  from a field protocol used for forest 

monitoring by the BMNP. 
 

II. In the 2 x 2 m subplots the following measurements were taken: 
 

   Leaf litter cover, bare ground, rocks and woody debris were recorded in % (of 

cover).  Litter depth was measured in each corner of the 2x2 m plot using a 

small stick of wood held through the debris down to the ground and a mass 

band and recorded in cm. The number of fallen logs within the subplot, the 

number of tree seedlings < 50  cm, as well as the number of cattle, horse, 

sheep/goat and wildlife droppings/dung was recorded (as counts). Herb/grass 

cover (including moss), ferns and shrubs were estimated as/by their cover in % 

just above the ground. Shrub height was measured in cm/or m. The canopy 

cover in each 2x2 m subplot was estimated using a toilet roll with a plastic 

sheet on one end, divided into 8 fields (and recorded in 9 categories). The soil 

was described in notes concerning the color and texture/structure of the soil. 

The most abundant vegetation type (herbs, grasses, ferns) was described by 

stating the name of the plant and/or by describing the structure. 
 

III. For the whole plot grazing and disturbance were estimated using categories 

no, low, medium and heavy. The type of disturbance as well as potential 

amphibian breeding sites and their location were noted in words. The number 

of cut trees as well as the total number of trees was counted.  
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IV. The slope of the plot was measured using a clinometer from the south-west to 

the,  north-west corner and from the south-west to the south-east corner.  

V. Soil pH was measured in a depth of 5 cm in the centre of the plot. Soil 

temperature was measured in the same location sticking a temperature 

measuring 5 cm deep into the ground. Air temperature was measured at the 

same spot in a height of ca. 25 cm off the ground (holding the lower end of 

the stick onto the ground). Notes on the weather were taken and date and 

time recorded.  

 

2.2.1.1.2. Amphibian Search 
 
Systematic searching of amphibians was accomplished in the randomly selected   

20  x  20 m plots. A fixed amount of time one and half person hours  was spent,   by 

forming lines and carefully checking through vegetation, searching under  stones, 

logs, rocks, and other potential hiding places.  
 

Nocturnal searching of amphibians was conducted in the randomly selected plots:  A 

fixed amount of time/per person was spent every day at sampling site. 
 

2.2.1.2. Random search around the plots 
A random search was carried out around the plot for 1 ½ man-hours, Potential hiding 

places were checked for amphibians by searching under vegetation, searching 

under stones, logs, rocks, and other potential hiding places such as moss on trees  

and on the ground. 
 

Dip netting in rivers, streams and ponds. Random day and night search along 

streams, swamps, and marshy areas.  
 

2.2.1.3. Transect sampling VES & AES: A series of paths/ transects were laid out 

in the observation area, and searched for the presence of amphibians, Transect 

sampling is useful for the determination of species presence, relative abundance 

and densities particularly where habitat and disturbance gradients are present.  
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Visual encounter surveys (VES) and Acoustic Encounter surveys (AES) methods 

were used for the assessment of amphibian presence along larger areas of the 

forest.  
 

When amphibians are found, the GPS coordinates of the spot are recorded. Habitat 

data such as the exact location (under log, under moss, etc.) as well as some 

characteristics of the surroundings (water present), time and weather were noted, 

where possible photographed, and placed inside plastic bags with some air, where 

they can stay inside, for up to 24 hours, with some released after sampling and a 

representative sample of all species encountered (5-10) were collected. Then the 

voucher specimens identified at least to the genus level tentatively, color notes 

taken, labels attached to specimens, anesthetized in MS222, preserved in 10% 

formalin and finally transferred to 70% ethanol. 
 

Preserved specimens were  placed in Addis Ababa University for the identification of 

each species, through detailed investigation of their morphology, measurements  of 

Snout-Vent Length and other body parts, such as length of foot,  tibia, hind limb etc 

were taken and  identified to the species level using Largen’s Key for amphibians, 

and compared with reference materials from A.A.U Museum and literature.   
 

Shannon Wiener index and Simpson’s index were used to compute the diversity of 

the amphibians. 
 

Shannon Wiener index is useful in that it takes into account the number of 

species and the evenness of the species. The index is increased either by having 

additional unique species, or by having greater species evenness. 

H′ = -∑ Pi ln Pi,  
Where  Pi   is the   fraction of individuals belonging to the ith species. Simpson’s 

diversity index can also be used to assess the diversity of any population in 

which each member belongs to unique species. The index is  increased either by 

having additional unique species, or by having greater species evenness.  
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D = ∑ ni (ni -1)   where, 
         N (N -1), 

D= Simpson’s diversity index 

N = total number of organisms of a particular species  
     Simpson’s index (D) (Simpson, 1949) was used to calculate the Dominance 

D = 1- lambda; lambda = ∑ Pi 2, where  

D= Simpson’s index of dominance 

Pi = the proportion of individuals 

The evenness was calculated by using the formula:  

E =   H     ; H max  =ln S, where  

        H max 

ln = natural logarithm 

S = number of species 
 
2.2.2. GIS and Remote Sensing 
 
Remote sensing has been used in forest monitoring for a long time. Aerial 

photographs have been used as a data in forestry (Caylor, 2000; Pitt et a,1977). 

The use of  Satellite imagery are very useful for monitoring  wide area that are not 

accessible and for which the costs and resources needed for a thorough field survey 

are too high. Remote sensing and GIS technology has enabled ecologists and 

natural resource managers to acquire timely data and observe periodical changes 

on a given area (Muzein, 2006 as cited in Schwaller,2009).  

 

As starting point for this investigation we hypothesize that there has been  change in 

land use in Harenna over the past 30 years. To address this question the following 

procedures were conducted. 

 

Land-use/land-cover changes during the period 1973 -2000 was performed by using 

Satellite Imageries of the years in MSS of 1973, ETM+ of 2000. The row images of 
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the selected years were introduced to ERDAS 9.1 Software to classify the land-

use/land-land cover through the maximum likelihood classification algorithm. The 

accuracy of classified data of the year of ETM + was assessed. Using the indices of 

the over all accuracy and Kappa statistics. Thus, the statistics of the land-use/land-

cover was organized by the Microsoft excel and presented in the form of table. 
 

2.2.3. Determining   DI in frog populations 
 

Developmental instability (DI) provides a more sensitive indication of the general 

health of animal populations. Studies have shown that DI levels increase before or 

during population declines. Increase in population DI levels indicate that the 

population is at risk of decline. To investigate the DI level of the amphibians, in the 

BMNP, measurements of the long bones on the forelimbs and hind limbs, including 

the adjoining tissues for the fore limbs, that is the radio- ulna, and for the hind limbs 

the tibio- fibula were taken. The fore limb measurements were made from the elbow 

to the palm of the hand, and the hind limb measurements from the knee to the ankle. 

First, the fore and hind limbs, on the left side of the body were measured using 

caliper. Then the readings were recorded along with identifying number (Tag) for 

each individual specimen. 
 

Secondly, the frog specimens were chosen in random sequence and without data on 

the left side visible, the limbs on the right side of each specimen were measured and 

the data recorded. Each new set of measurement is recorded on separate sheets. 

Then the data were entered in excel before analysis (Appendix 6). 
 

The data were analyzed using the ANOVA plus the extraction of variance 

component techniques detailed by Palmer and Stroebck ,1986 as cited in (Alfrod et 

al.1999).  
 

General distribution for right minus left hind limb and forelimb were done separately. 

The ANOVAS were used to compare between the two localities (Rira and Katcha) 

with relatively more number of adult frog collections. The ANOVAS are performed to 
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construct the tables of sum squares and mean squares needed to construct tests of 

the hypothesis.  
 

2.2. 4. Focus group discussions 

Conducting focus group discussion is a form of qualitative research in which a group 

of people are asked about their attitude towards a product, service, concept, 

advertisement, idea, or packaging. Questions are asked in an interactive group 

setting where participants are free to talk with other group members.  

Qualitative sampling strategies do not aim to identify a statistically representative set 

of respondents, so expressing results in the relative frequencies may be   

misleading.  Simple counts are sometimes used and may provide a useful summary 

of some aspects.  
 

In most qualitative analysis the data are preserved in their textual form and “indexed 

“ to generate or develop analytical categories and theoretical explanations.          

(http: //resources.bmj.com/bmj/about-bmj). 

A questionnaire survey was conducted with local people living in Harenna Forest 

and with park staff to check if people living in the park perceived change in the 

environment,  and  if   changes in the environment has affected their daily life.  

A question line on the perception of the environment and related topics was 

elaborated and translated into Oromic and Amharic languages in Addis Ababa. The 

questionnaire survey was carried out with people living in proximity to the sampling 

sites of the amphibian survey and with experienced park scouts. 
 

The questions were mainly open ended. Because open ended questions are often 

used in research to clarify closed questions as a means of generating ideas. 

 

 In both cases it is generally assumed that the longer and more detailed the 

response to an open ended question the better.   

http://en.wikipedia.org/wiki/Qualitative_research
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An open-ended question is designed to encourage a full, meaningful answer using 

the subject's own knowledge and/or feelings. It is the opposite of a closed-ended 

question, which encourages a short or single-word answer. Open-ended questions 

also tend to be more objective and less leading than closed-ended questions. Open-

ended questions typically begin with words such as "Why" and "How", or phrases 

such as "Tell me about..." Often they are not technically a question, but a statement 

which implicitly asks for a response. (Journalism /interviews/open- ended questions 

html). 
 

Different people (elder men, active farmers, women) were invited to the discussions 

by the Oromo local guide.  
 

The discussions were held at the WWF building in Rira or in the houses of locals in 

locations other than Rira.  
 

It was explained to the participants about the aim of the project, as well as that there 

was no risk (and no gain) for them to participate in the discussion.  
 

Participants were introduced at the start of the discussion. Questions were asked in 

Amharic and translated to Oromic by the local guide or other people present “literate 

in speaking” Amharic to people only speaking Oromic. Answers were then translated 

back to Amharic by the same people/interpreters and notes were taken in English. 

The notes taken from the FGDs were mainly qualitative and analyzed based on the 

methods described by Miles and Huberman (1994).  Three steps were taken, data 

reduction,  data display and conclusion drawing and verification.  
 

Data reduction refers to the process of “selecting, focusing, simplifying, abstracting 

and transforming the data that appear in written up field notes or transcriptions.”  

Data display: This involves the organization of compressed assembly of information   

that allows conclusion drawing and Conclusion drawing and verification: The 

stepping back to consider what the analyzed data mean and to assess their 

implications for the questions at hand.  This step involves revisiting of the data as 

many times as necessary to cross- check or verify these emergent conclusions. 

(http://www.nsf.gov/pubs/ 1997/nsf97153/CHAP-3 HTM). 
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3. Results  
 

3.1. Amphibian sampling 
 

The sampling of amphibians was conducted during two seasons of the year. Wet 

season (July- August/2008), and  dry season (February/2009).  
 

During the study periods 7 amphibian species belonging to 1 order, 4 families, and 6 

genera, were recorded in the Harenna Forest, in which all of them are endemic. The 

classification list of the amphibian species, encountered with their altitudinal range is 

given in Table 1. The field data sheet for collecting amphibians is given in Appendix 5 

 

Order Family Genus Species Altitudinal 
range (m) 

Bufonidae Altiphrynoides Altiphrynoides malcolmi (Grandison 

1978) 
3149 - 3225 

 Spinophrynoides Spinophrynoides osgoodi (Loveridge 

1932 
3147 - 3165 

Microhylidae Balebreviceps Balebreviceps hillmani Largen & Drews 

1987 
2827 - 3339 

Hyperolidae Leptopelis Leptopelis gramineus ( Boulenger 

1898) 
2361 - 3266  

  Leptopelis ragazzii ( Boulenger 1896) 2360 -2829 

Ranidae  Ericabatrachus Ericabatrachus baleensis  Largen 1991 3149 

Anura 

 Ptychadena Ptychadena neumanni ( Ahl 1924) 2361 - 2936 

 
Table 1. Taxonomy of the amphibians encountered in the present study   
 
3.1. 1. Systematic sampling survey of the habitat and amphibians  
 

3.1. 1. 1. Quadrat Sampling  
The amphibian data obtained in the randomly selected plots are given in Table 2. 

 No amphibians were found in the randomly selected plots except Spinophrynoides   

osgoodi collected from Fute in the dry season.   
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Wet 
season 

Dry 
season 

Total Degree of 
disturbance 

Plot  
No 

Locality  

No of amphibians found High 

1 Fute  0 0 0 low 

2 Kotinsa  0 0 0 High 

3 Fute  0 1 1 Low 

4 Degebato  0 0 0 High 

5 Degebato  0 0 0 Low 

6 Galema  0 0 0 Low 

7 Tulla 

Negesso 

 0 0 0 High 

8 Kotinsa  0 0 0 low 

Grand Total   0  1 1  

 
Table 2. Results of  amphibian survey from the plots. 

 
3.1.1.1.1. Habitat Characterization 
 
Due to the scarcity of amphibian data directly in relation to habitat plots, no analysis 

of specimen distribution or habitat   preferences could be made. 
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Plate  1.  A   plot during the wet season 

 
 
Plate 2. Searching amphibians in the plot during the dry season 
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3.1.1.2. Random search around the plots 
Wet season 

 
 

Dry season Plot  No Locality 

Species Quantity Species Quantity 

1 Fute - 0 - 
 

- 
 

2 Kotinsa   Balebreviceps hillmanni 1 

3 Fute Altiphrynoides 

malcolmi 
4 Spinophrynoides    osgoodi 

 

3 

 

4 Tulla Negesso   Altiphrynoides  

malcolmi 

2 

5 Degebato -  -  

6 Degebato - 0 -  

7 Galema -  Balebreviceps hillmanni 2 

8 Tulla Negesso -    

Balebreviceps hillmanni
 

1 

 

 
9 Kotinsa - 0   

Total  4  9 
 

Table 3. Amphibians from random search around the Plots 
 
A few specimens of Altiphrynoides malcolmi and Balebreviceps hillmani were 

collected around the plots designed in highly disturbed areas of the forest. 

Spinophrynoides osgoodi was encountered in relatively   less disturbed habitat 

around plot number 3 ( Fute) (Table 3) 
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3.1.1.3. Transect sampling VES and AES 

 
Wet season  Dry season  

Species Quantity Locality Species Quantity Locality 

1
Tulla 

Negesso 

Altiphrynoides malcolmi  Altiphrynoides malcolmi 

2
Tulla 

Negesso 

Total   1  Total   2  

    
Ericabatrachus baleensis 1 Fute - - - 

Total   1  - - - 

Ptychadena neumanni 0 - Ptychadena neumanni 10 Katcha 

 8 Rira  33 Rira 

Total   8   43  

3 Fute Total    
Balebreviceps hillmani 6 Rira Balebreviceps hillmani 1 Rira 

Total 9   1  
Leptopelis gramineus 9 Rira Leptopelis gramineus 32 Rira 

 1 Katcha  2 Katcha 

1 Galema  5 Galema 

 1 Fute - - - 

Total 12  Total 39  
8 Rira   

Leptopelis ragazii 11 Katcha Leptopelis ragazii 10  

Total   19  Total   10  
Grand Total 50  Grand Total 95  

 
Table  4. Amphibians from VES, AES and Transect Sampling 
 
Most of the amphibians were encountered by the above methods of surveying along 

the various sites of the Forest. Ptychadena neumanni was found mostly   in 

disturbed habitats, in swamps located close to Tellila stream in Rira. Leptopelis 
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ragazii was found in swamps and inside a forest called Katcha. During the dry 

season, it‘s distribution is restricted to the forest. Ptychadena neumanni was found 

also inside vegetation (grass), in addition to swampy habitats during the rainy 

season, In the dry season, almost all specimens of this species were collected from 

swamps located close to Telila stream in highly disturbed areas of the forest. 
 

Altiphrynoides malcolmi, Balebreviceps hillmani, Leptopelis gramineus, Leptopelis 

ragazzii and Ptychadena neumanni were found during the wet and dry seasons. 

While Ericabatrachus baleensis was found only in the wet season and 

Spinophrynoides osgoodi was collected only in the dry season. 

 

Leptopelis gramineus is also encountered in swamps along the sides of Telila 

stream in the dry season and one specimen was collected from Katcha in the rainy 

season. 

Balebreviceps hillmani is the other endemic toad which is found under fallen log, 

around highly disturbed habitats such as Rira, in the wet season. In the dry season, 

it was found under large fallen and decaying Erica woods, in relatively humid areas 

of the forest, such as Galema and Kotinsa. 

Ericabatrachus baleensis   is collected from a single site on the way to Fute close to 

stream, during  the rainy season    
 

Sampling Methods Wet 
season 

Dry 
season 

Mean of wet & dry 
season count 

Quadrat Sampling  

 

0 1 0.5 

Random search around the 

Plots 

 

4 9 6.5 

VES, AES and Transect 

Sampling 

50 95 72.5 

Total 54 105  

  Table  5. Number of amphibians collected during the wet and dry season  
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Species Wet 

season 
Dry 

season 
Total Relative 

abundance (%) 
Ptychadena neumanni 8 43 51 32.072 

Altiphrynoides malcolmi 5 4 9 5.66 
Balebreviceps hillmani 9 5 14 8.81 

Leptopelis gramineus 12 39 51 32.072 

Leptopelis ragazii 19 10 29 18.24 
Spinophrynoides    osgoodi 0 4 4 2.516 

Ericabatrachus baleensis   1 0 1 0.63 

 

Table 6.    Total number of amphibian species collected in the dry and wet 
season surveys and their relative abundance. 
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Figure  3.  Wet and dry season habitat distribution of amphibians 
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3.1.2. Description of the species encountered during the present study 
 

The species encountered in the current field surveys, are described as follows, 

together with their available pictures and distribution maps. All of them are endemic 

to Ethiopia. Four species (Altiphrynoides malcolmi, Balebreviceps hillmani, 

Ericabatrachus baleensis and spinophrynoides osgoodi)  have only been found in 

the Bale mountains so far. 

 

1. Ptychadena neumanni (Ahl, 1924) 

This endemic species was described from a series of many specimens collected 

in different areas of the country. It is by far the most common and wide spread 

member of its genus (though one must allow for the possibility that the name 

Ptychadena neumanni might be an umbrella beneath which several closely  

related taxa are concealed and it appears to have greater altitudinal range than 

any other Ethiopian amphibian (Largen,  2001). 

 

 

                                      
 

Plate 3.   Ptychadena neumanni  
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Figure 4. Distribution  map of Ptychadena neumanni in the study area. 
 

In the present study Ptychadena neumanni was found between 2361-2908m a.s.l.  

at different localities namely, Rira and  Katcha, in swamps located close to streams. 

 

1. Leptopelis gramineus (Boulenger, 1898) 

 

 This robust, fossorial species is endemic on the Ethiopian plateau, where it 

occupies an altitudnal range (unique amongst Leptopelis) of 1900-3900  m. Although 

most records showed that the species is found in montane grassland, the species 

was also encountered in forest edge habitats, where its lowest reported limits 

(Largen, 2001). 
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Plate 4. Leptopelis gramineus 
 

 
Figure 5. Distribution map of Leptopelis gramineus 
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In the present study Leptopelis gramineus was encountered at altitudinal range of 

2361- 3266 m a.s.l at different sites in Rira and Galema mainly in swamps located 

close to streams. 

2. Leptopelis ragazzi (Boulenger, 1896) 

 

This species is endemic in montane forests on the Ethiopian plateau at altitudes of 

1930 -3100 m.  In many parts of these highlands the habitat is under threat, and in 

some areas Leptopelis ragazzi seems to survive only in isolated forest remnants, 

such as often which occur along the slopes of steep-sided  valleys (Largen, 2001). 

In the study period Leptopelis ragazzi was encountered at an altitudinal range of 

2360 -3163 m a.s.l. in a swamp around a small village named Rira and along the 

sides of Shawe stream, inside  a forest called  Katcha. 

 

 
Plate 5.  Leptopelis ragazzi 
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Figure 6. Distribution map of Leptopelis ragazzi 

 
  4. Altiphrynoides malcolmi (Grandison 1978) 

This species is a specialized bufonid represented by a monotypic genus 

Altiphrynoides. It is endemic in the Bale mountains of Ethiopia at altitudes of 3200-

4000 m, its habitat spans the transition from the upper limits of Schefflera-Hagenia-

Hypericum forest to bleak Afro-alpine moor land far above the tree line.  

 

In addition the species had been found breeding on the grassy bank of a small 

stream flowing through a forest glade, where the eggs were deposited amongst 

moist herbaceous vegetation, this  characteristics of the genus is having a terrestrial 

larva stage (Largen, 2001). 

 

In the current survey Altiphrynoides malcolmi was encountered at altitudes between 

3149 - 3225 at different   localities, namely,   Tulla Negesso (highly disturbed forest 

area) and Fute, an area with low disturbance, hiding  under rocks and in some 

circumstances, under fallen logs. 
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                        Plate 6.  Altiphrynoides malcolmi  

 

 
Figure  7. Distribution map of Altiphrynoides malcolmi 

 
5.  Spinophrynoides osgoodi (Loveridge,1932) 

Largen described this endemic species as a specialized bufonid represented by a 

monotypic genus Spinophrynoides on the Ethiopian plateau. It is essentially a 

species of Montane forest, though at its upper limits perhaps extending marginally in 

to open moor land and recorded only from the mountains of Arssi, Bale and Sidamo 

provinces in southern Ethiopia at altitudes of 1950-352 m. This species has been 
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found breeding at a small pool situated in a grassy glade surrounded by Hypericum 

woodland (the eggs being deposited in water and developing into conventional 

aquatic larvae (Largen, 2001). 

 

 In the current study, Spinophrynoides osgoodi has been encountered under fallen 

logs, at altitudes of 3147 – 3163 m at a locality called Fute within the study area.  

 

 
Plate 7. Spinophrynoides osgoodi 

 

6. Balebreviceps hillmani  Largen & Drewes, 1989 
 

This species is one of the relict populations of the Ethiopian highlands.It is still 

known only from a single site, just below the tree line in Erica arborea wood land at  

elevation of 3200 m in the Bale Mountains (Largen 2001). 

 

In the present study this species was encountered at altitudes between 2827 – 3339 

m, at different localities namely, Rira, Fute and Galema under fallen logs. 
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.               

 
    Plate   8. Balebreviceps hillmani                                                 
 Figure 8  . Distribution map of B. hillmani 
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7. Erichabatrachus baleensis  Largen,1991 
 

According to Largen (2001), this species is known only from the Bale Mountains, 

and it is found on or near the grassy banks of  small fast flowing streams, in Erica  

arborea wood land at  3200 m, and in Scheffleria - Hagenia forest at its lower 

recorded limits of 2400 m.  
 

In the present investigation, Erichabatrachus baleensis   was found at an altitude 

of 3149 m at a local place called Fute. 

 

 
Plate 9.  Erichabatrachus baleensis 

 
3.1.3. Comparisons of the results of the current study with the past 
   
The most recent and successful expedition of amphibians is the 1986 Harenna   

Forest expedition, conduced for 3 weeks, by EWCO. During this expedition, 

amphibian specimens were collected along the road to Mena. It was then that 

Altiphrynoides malcolmi was first recorded south of the Sanetti plateau. The Bale 

endemics, Ballebreviceps hillmani and Ericabatrachus baleensis were described 

from the specimens collected in August 1986 (Largen, 2001). 
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A comparison between the number and kind of species collected during 1986 

expedition and  the current  study is given in Table 7. 

 

1986  survey 2008 – 2009 Survey  
Species No of  

individuals 
No of 
Days 

Personnel No of  
individuals

No 
of 
Days 

Personnel

Afrixalus enseticola 5 8 1 0 23 3 

Altiphrynoides  

malcolmi 
18 “ “ 9 “ “ 

Balebreviceps hillmani 15 “ “ 14 “ “ 
Ericabatrachus baleensis      23 “ “ 1 “ “ 

Leptopelis gramineus 3 “ “ 51 “ “ 

Leptopelis ragazzi 20 “ “ 29 “ “ 

Paracassina 

kounhiensis 

8 “ “ 0 “ “ 

Ptychadena erlangeri 5 “ “ 0 “ “ 

Ptychadena neumanni 21 “ “ 51 “ “ 

Spinophrynoides 

osgoodi 

15 “ “ 4 “ “ 

Total 133   159   

 
Table 7.  Results  of  amphibian survey from 1986 Harenna Forest expedition  
                and present study (July- August 2008 and February 2009) 
Source 1986 survey :  (Largen, 2001) 
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Indices 2008- 2009 1986 
No of species 7 10 
Total number of 
individuals 

159 133 

Dominance 0.75 0.12155 
Shannon - weaver’s (H) 1.541 2.144 
Simpson’s diversity index 0.25 0.121155 
Evenness 0.792 0.931 
 
Table 8. Comparisons of diversity indices for the species of amphibians 

encountered during current study (2008-2009) and the Harenna 
Forest expedition (1986). 

 
The results show greater diversity and evenness during the Harenna Forest 

expedition in less time (effort). 

 
3.2. GIS and Remote Sensing 

 
Figure   9. Land use /land cover map of 1973 



 58

Figure  10.  Land use /land cover map of 2000. 

1973 2000 Change Land cover 

Area ha % Area ha % Area ha % 
 

Forest 369,237 55.7 272,780.5 41.15 -96456.5 - 14.55 

Grassland 139,895.4 21.10 157,887.2 23.81 +1,7991.8 +2.71 

Bushland 117,039.7 17.65 114,463.8 17.26 -2,575.9 -0.39 

Wetlands 36,677.88 5.5 23,221.9 3.50 - 13,455.98 -2.0 

Agriculture - - 94,497 14.25  + 94,497 + 14.25 

Settlement - - 2,134.99 0.32 2134.99 + 0.32 

Total 662850  662850.4    

 
Table 9. Land cover changes of the Harenna forest from 1973 to 2000. 
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The total of each land   use cover types are tabulated and the trends are examined 

between the years. Table 9 lists the change statistics from 1973 to 2000. Due to 

data limitations only the 1973 and 2000 data of satellite images are used to interpret 

the change in land cover type of the study area. Values in the tables were sorted by 

area and listed in descending order. 

 

Forest, grass land, bush land, and wet lands .are the major land covers and the 

changes in their proportions represent the most significant changes. Agricultural 

expansion is the most important change. 

The accuracy of the classified data of the year 2000 found to be 95% of the overall 

accuracy and the Kappa statistics 0.86. In the year 1973, grassland, forest covers, 

wet lands and bare land were the major land-use/land-cover classes.  In 1973, the 

scene was predominated by the natural covers made-up of forest cover, wetland and 

grass land that accounted for 82.30% of the land-cover (Table 9 Figure 19).  In most 

of the study areas lands of the central parts of the study area, forest covers were 

composed of 55.7 % of the land-use/land-cover matrix. On the other hand, the crop 

cover class comprised the cover about 14.25 % of the land in 2000.  In relation to 

this, built-up land covered with the extent of 2134.99 ha (0.32 %), and forest cover 

declined to  272,780.5 ha with (14.55 %) net reduction from the year 1973.  Thus, 

this was a heavy decline with the extent of wet land and forest covers with the 

corresponding increase human-made alteration of changed land-use/land-cover 

patterns. The grassland increased with an extent of 1,7991.8 ha 

( 2.71%) in the year 1973 – 2000).  
 

Therefore, the hypothesis which states there has been change in land use/land 

cover in Harenna, over the past 30 years is accepted. 

3.3. Measuring and analyzing developmental instability in frog population 

This method was undertaken to test the hypothesis limb proportions don’t vary or 

show DI. To investigate limb proportion asymmetry, measurements of  the fore -  
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and  hind limbs of 85 samples of adult frogs were  taken and analyzed.   The 

measurements of the fore and  hind limbs  are given in appendix  6. 

General distribution for Right minus Left hind limb and  for right minus left forelimb 

was done separately. The distribution of Right minus Left hind and forelimbs for Rira 

and Katcha was  analyzed separately. 

ANOVA was used to compare the samples from the two localities with relatively 

more number of specimens i.e. Rira & Katcha. Then the mean plot for unsigned fore 

limb  and unsigned hind limb differences were constructed separately.   

The results are given in the following tables and figures. 

   
Location  

  
Frequency Percent Valid Percent 

Cumulative 

Percent 

Dinsho 3 3.5 3.5 3.5

Galema 6 7.1 7.1 10.6

Katcha 24 28.2 28.2 38.8

Kullela 10 11.8 11.8 50.6

Rira 42 49.4 49.4 100.0

Valid 

Total 85 100.0 100.0  

 
Table 10. Distribution of the measure of DI data 
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Figure 11.  Signed difference between right and left forelimb. 
From  figure 11, it can be seen that on average the right forelimb is smaller than the 

left forelimb 

 

 
Figure 12.  Signed difference between right & left hind limb 
 

Figure 12.  shows that  on average the right hind limb is smaller than the left hind 

limb.  
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Figure 13. Unsigned difference between right and left forelimb length at Rira. 
 
We can see that on average the right forelimb is shorter than the left fore limb at Rira 

(Figure 13). This might be an implication of unhealthy or abnormal environment. 
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Figure 14. Unsigned   difference between right and left hind limb length at Rira. 
 

From figure 14, we can see that on the average the right hind limb is shorter than the 

left hind limb at Rira 
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Figure 15. Unsigned difference between right and left fore limb length at 
Katcha. 
Figure 15.  Shows that on average the right forelimb is longer than the left for limb at 

Katcha. This might be an implication of unhealthy or abnormal 

environment. 
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Figure 16.  Unsigned difference between right and left hind limb length at 
Katcha 
 

  Figure 16.  shows that on average the right hind limb is shorter than the left hind 

limb at Katcha. This might be an implication of unhealthy or abnormal 

environment. 

 
Therefore, as we can see  from the results  the hypothesis, limb proportions do not 

vary, is not correct. 
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ANOVA 

rmlforel      

 
Sum of 

Squares df 

Mean 

Square F Sig. 

Between 

Groups 
1.321 1 1.321 .959 .331 

Within Groups 88.110 64 1.377   

Total 89.430 65    

 
Table 11. ANOVA for the difference between the right and left  forelimb from 
Rira and Katcha. 
 

The means of the unsigned difference between the right and left forelimb in the two 

locations is not statistically different at p-value of 0.331. 

Table 12. ANOVA for the difference between the right and left  hind limb from 
Rira and Katcha and the corresponding mean plots respectively. 

ANOVA 

rmlhindl      

 
Sum of 

Squares df 

Mean 

Square F Sig. 

Between 

Groups 
.057 1 .057 .036 .850 

Within Groups 101.246 64 1.582   

Total 101.303 65    
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The means of the unsigned difference between the right and left hind limb at the two 

locations (Rira and Katcha) is not statistically different at p-value of 0.850. 

 
Figure 17.    Mean  of unsigned fore limb difference at Rira and Katcha 

 
Figure 18.  Mean of unsigned hind limb difference at Rira and Katcha  
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3.4. Focus group discussions 

As a starting point of this discussion it was hypothesized that people living in 

Harenna Forest don’t have adequate knowledge about environmental change.  To 

investigate this situation, Focus group discussions were conducted with  six different 

groups of people living in the BMNP. The notes taken from the discussions were 

analyzed based on  the methods  described by Miles and Huberman (1994).  

A summary of the main themes of the discussion is given in Table 13.  

 In Table 13 P stands for persons and G stands for groups. For example: 2P/2G 

means: 2 Persons from 2 discussion groups suggested....  

It was explained to the participants that, when we refer to the past,  it means to  the 

period before the Derg regime was overthrown (about 20 years back). 

 

Main Themes Respondents Participants’ Responses 

1P/1G In the past we lived better life without much effort 

11P/5G Life is better nowadays  due to education and better job 

opportunities 

2P/2G Life is getting more expensive nowadays. 

12P/6G In the past, the main source of income was cattle raising and 

bee keeping. 

 Nowadays farming, education and trading is being practiced 

in addition. 

3P/1G Production and income generation has increased nowadays. 

  Life in 

general  

 9P/6G There is improvement in the kinds of food we eat.  

Since we are producing different kinds of crops in our farm 

land and due to education. 
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8P/4G The number of livestock has decreased nowadays.  

But the benefit we get from them is better now. 

 Because of better handling and medication.  

Fuel 18P/6G We use the older fallen woods, from the forest for fuel and 

building fences. 

Women’s 

participation 

10P/6G In the past, women were restricted to house hold activities 

Nowadays they are involved outside the house and they are 

able to work any kind of job they like to do.  

Women are participating   in decision making nowadays.  

they have got equal chance for  education as men 

 

 

17P/6G 

The population number has increased. The land possessed 

by each farmer is getting less and less  from time to time. 

 

Population 

 The number of children is increasing at an alarming rate. But 

nowadays there is training conducted in Rira about family 

planning. Therefore, people are now getting awareness and 

have started to use contraceptives. 

4P/2G The condition of the forest has improved (increased). Because 

it has got more protection nowadays. This increase in the 

forest, brought benefits like serving as feed for cattle, and to 

keep bee hives, for honey production.    

6P/2G The forest has decreased from time to time. The rate of 

deforestation has increased. Only some patches are 

remaining. The decrease is due to fire, cutting for fuel and for 

building houses. in earlier times, there was a place covered by 

forest, and it was called Dukena (an Oromic term) meaning 

dark. Nowadays it is converted into a farm land and the name 

dark cannot be applied. 

Forest  

5P1G The forest is not changed it is the same. 

Climate  14P/4G The climate is getting hotter, nowadays. In earlier times the 

fog was seen as a roof covering the sky, in our area,  but now 
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it is  getting hotter. 

2P/1G The climate is getting colder 

8P/2G The reason for change in climate is because of decreased 

resistance, due to lack of energy rich foods in the diet. 

8P/2G The climate has changed into drought. 

8P/2G The reason for this change is deforestation. 

8P/2G The change in the climate, resulted in the scarcity of rains. 

5P/1G The number of wild animals is the same as before.  

20P/6G There were many kinds of amphibians in the past. Nowadays 

their number has decreased. We observe few amphibians 

around. In the earlier days their calling was loud and more 

frequent, but nowadays they only call sometimes. 

11P/3G Amphibians found in marshy areas, ponds and under fallen 

woods. They also live in grass, on trees and river. 

 Amphibians live in swampy areas. I think they feed on water. 

10P/3G The reason   for the decrease in the number of amphibians is 

the scarcity of rain or drought, the conversion of ponds and 

swamps into human settlements 

1P/1G The type of amphibians observed in the area has not 

decreased when it is compared with the past. It is the number 

that has decreased. 

5P/3G The types of amphibians in the area has increased nowadays 

but their number has decreased.  

Amphibians 

 

 

5P/2G The reason for the decrease in the number of amphibians is 

drought. 

2P/1G Amphibians feed upon soil , butterflies, and other insects  

10P/2G Amphibians feed upon grass  in side the water 
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2P/1G Amphibians feed on grass and decayed woods. 

7P/1G Nothing feeds upon amphibians. In other areas the snake eats 

them. 

4P/2G We know nothing about the predators of amphibians. 

1P/!G The Chameleon preys on amphibians 

22P/1G We hate or dislike amphibians. Simply by their appearance 

and expecting that there may be poison in their body. 

3P/1G We don’t have special feelings for amphibians. 

20P/4G No benefit is obtained from amphibians. 

5P/3G They are our wealth because they attract tourists and we can 

use them as a source of income by selling them to 

researches. 

17P/4G No harmful effect results from amphibians. 

1P/1G In fact sometimes they spend the night in our house but do 

not seem to cause any harm. 

1P/1G Since we don’t touch them, we don’t know their harmful 

effects. 

5P/1G They are harmful, because  snakes  get their venoms from 

them 

15P/4G The amount of water in streams, rivers and ponds has 

decreased. 

5P/1G The amount of water in the steams and rivers increases 

during the rainy season and it decrease during the dry season 

and the amphibians die. 

 

9P/3G More amphibians are observed during the rainy season 

especially   between August and September. 

1P/1G We are protecting the forest as our own property. Even if we 

are cutting and using the forest trees, It will not be damaged 

completely because it re- grows. 

Additional 

information 

1P/1G Nowadays, we are planting trees which normally grow in low 
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lands, and the climate is getting better. The Forest is also in 

good condition because of the protection made by the 

management of the park. 

3P/1G The change in climate has affected the lively hood of the local 

people.  Great effort is required to protect the park, by the  

concerned bodies. 

 
Table 13.   Summarized results of focus group discussions 
From the results of the discussions, the  hypothesis, people living in Harenna, 

don’t witness environmental change is rejected. 

     

Plate 10. Focus  group participants at Rira          
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Plate 11.  Farmland   inside  Harenna Forest. 
 

 

Plate 12.  Settlement inside Harenna (Degebato) 
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4. Discussion  
 
4.1. Amphibian sampling 
 
The results of the amphibian survey show that the number of amphibians 

collected during the dry season is greater than that of the wet season. The 

variation observed in the number of amphibians could be due to habitat 

preferences. As it can be seen from figure 6, most of the frogs (Leptopelis and 

Ptychadena) were observed in swamps  and streams located around Rira. While 

the forest species Altiphrynoides malcolmi, Balebreviceps hillmanni and 

Spinophrynoides osgoodi were found hiding themselves under logs and under 

rocks in moist places inside the Ericaceous Forest.  

 

It was very hard to find amphibians in the upper parts of the forest,  in this study, 

except very few specimens of Altiphrynoides malcolmi, Balebreviceps hillmanni 

and  Spinophrynoides osgoodi. Amphibian numbers appeared to have  declined 

rapidly in comparison with the survey made in 1986 (Harenna Forest expedition). 

The more common species are most likely expected to undergo direct 

development (i.e. without an aquatic tadpole stage) and may, therefore, be less 

dependent on “pristine” water flows. It is interesting to note  that some eggs were 

collected under moss on trees and under fallen logs near adult Altiphrynoides 

malcolmi specimens, during the wet and dry season surveys. 

 

The comparison of the surveys conducted in 1986 and this one revealed that,  

there were more amphibian species in the past. For example, Afrixalus 

enseticola, and Paracassuna kounhiensis were not collected in the current study. 

The number of Altiphrynides malcolmi has decreased by 50% when we consider 

the time taken and the effort done to search those species.  
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In addition Ericabatrachus baleensis was found on or near the grassy banks of 

small fast-flowing streams, in Erica arborea woodland at 3200 m (Largen, 2001). 

In the current study only one specimen of this species was found close to a 

stream around a place called Fute.  This species was not recorded from the type 

locality. The location appears to have changed substantially in recent years.  

Therefore, the difference might be due to habitat loss. This fact can be supported 

by the results of remote sensing, which showed that about 37% of the wet lands 

that existed in 1973 were converted to other land use systems such as 

grasslands and settlements in 2000. The decline in the forest cover is indicated 

by the results of the remote sensing i.e. the change from 369237 ha in 1973 to 

272780.5 ha in 2000 which shows 26% reduction in the forest cover within 27 

years time. Thus habitat destruction is the best explanation for the decrease in 

the number of forest species in Harenna. However further research on this   

question will be required. 

 

While in the case of Leptopelis and Ptychadena species, their distribution is 

found restricted to wet areas i.e. along the sides of streams and within swamps 

mainly at two sites of the forest, Rira and Katcha. These two genera seem to be 

rare on other sites of the Harenna forest and are at the risk of population declines 

when one considers the disturbance of the habitat in Rira, the statistical results 

showing a measure of DI and the results of remote sensing indicate a significant 

decline in the coverage of wet lands. 

 
4.2. GIS and Remote Sensing  
 

Knowing the changes in land use/ land cover is  taken as a good indication of 

ecosystem health  including  biodiversity. (Wallelign  2007). 

 

From 1973  to 2000, forest land decreased by 96,456.5 hectares (14.55 %), while 

Wet lands decreased by 13,455.98 hectares (2.0%). Bush land has decreased by 
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2,575.9 hectares while grasslands have increased from 139,895.4 hectares in 

1973 to 157,887.2 hectares by 2000. The reason for this increase is due to 

burning of the forest, by the local people for cattle grazing and other purposes, as 

it was noted from the focus  group discussions. 
 

 On the other hand new land uses, which didn’t exist in 1973, (agriculture and 

settlements) have been established inside the forest in the last 30 years. 14.25 % 

of the total area or 94,497 hectares of land is occupied by agriculture, and   

2,134.99 hectares (0.32%) of the area is occupied by settlements. 
 

In addition, (Schwaller 2009), noted that the main forest losses are visible in the 

south eastern part  of Harenna Forest below 2000 m in a mid – altitudinal range 

of 2000 – 2500 m a.s.l. and in the ericaceous forest zone near to  two 

settlements, Rira and Gora. For the area below 2000 m a. s. l. a large number of 

presumably deforested patches were already present in 1973, shortly after the 

establishment of BMNP. 
 

The forest in the surroundings of Rira has decreased, especially marked by being 

more fragmented and separated from the lower forested area. Whereas in 1973 

a near- continuous forest was present, the upper part of the forest is nowadays 

only connected in the south- west to the rest of Harenna forest. 
 

4.3. Measure of DI in Frogs 
 

Based on the results  the hypothesis  that states limb proportions don’t vary was 

rejected. Because significant differences between the proportions of the left and 

right fore and hind limbs was observed. 
 

The  results  revealed that the frog populations encountered in the present 

investigation, show anti symmetry in the left and right differences.  According to 

(Alfrod et al.,1999), anti symmetry occurs when normal developmental 

processes, such as feed back systems controlling the allocation of resources 

between body parts during development fail to function properly. 
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The causes of this failure may be either genetic or environmental. Measurements 

of DI may provide a more sensitive indication of the general health of animal 

populations than can be obtained through routine monitoring of population sizes. 
 

Therefore, the measurements and analysis of DI on the Adult Frog populations 

collected in the current study revealed, that there is a sign of population decline 

in the Frog populations of the Harenna Forest which is an indication of unhealthy 

environment, or the  frog populations  are at risk of declining. 
 

This technique seems  to have value and could be applied to address further 

questions. for example, it would be important to look at taxonomic differences 

and ecological or behavioral differences also  it can be used to compare 

specimens  from  the past with the present ones. 
 

4.4. Focus group discussions 
 

Change in agricultural system: The living condition of the people in the area 

has improved due to a change or extension from mainly pastoralist way of life in 

former days to agricultural crop production nowadays. Due to this reason the 

people have started to live a better life. This was mentioned in most of FGDs.  
A community elder from Rira, aged 66, describes the situation as follows. “We 

used to be only cattle breeders and worked on traditional apiaries until Haile 

Selassie’s” Regime.  
 

Before 1968, an enormous forest fire damaged the forest and barely cultivation 

was introduced by a man named Mohammed Nuri from other places. 
 

Some people from the Harenna said that the number of livestock to be smaller 

nowadays. In the earlier days, large numbers of cattle were kept, but they were 

cheaper than now. Again many of the animals died in the past due to disease. 

The possibilities of properly caring for animals are said to be better nowadays 

due to increased knowledge and caring for the animals due to the introduction of 

veterinary services. Disregarding if absolute livestock numbers have decreased 
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or just the number of animals per person, the remaining animals use the open as 

well as the forested areas for grazing and browsing have a major impact on the 

ecosystem. We observed how the open grassy areas around Rira were ploughed 

to plant crops at the beginning of the rainy season. We even found agricultural 

lands at higher altitudes such as 3024 m on the way to Galema, during the dry 

season. (Plate 11) 
 

Population growth: All FGD participants mentioned consistently there is a sharp 

increase in the human population in the BMNP. This can be confirmed by having 

a look at literatures. More than 20 years ago only about 2,500 people were living 

in the park (Hillman,1986). Today there are more than 40,000 people (FZS, 

2007), spread over the park. Such an increase in human population inevitably 

leads to an increased impact on the environment. 
 

Change in forest coverage:  Some focus group discussions mentioned that the 

forest has increased (improved) nowadays when compared to the past. This 

increase has benefited us for cattle grazing and to keep bee hives inside. 
 

Most participants suggested that the forest decreased nowadays, due to fire, 

cutting for fuel and for building houses. A park scout explained, at this time the 

rate of deforestation has increased; only some patches of forests have remained. 

And he mentioned, “In the past there was a place covered by a forest called 

Dukenia in the park. Dukenia is an oromic word meaning dark. But now Dukenia 

is changed in to farm land, hence the name Dukenia (dark) no longer works.”  
 

This decrease in forest cover can be supported by the fact obtained from the 

satellite images i.e. the forest decreases from 55.7 % in 1973 to 41.15 % in 2000. 

Climate change: Most FGDs mention that climate is getting hotter, the rain is 

reduced and not as continuous, as before,  with less fog in an area. They also 

stated scarcity of water even leading to drought in some parts of the park at 

certain times. 
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Decrease in amphibian numbers: In all discussions, participants mentioned 

that, a decrease in number of amphibians have been observed nowadays when 

compared to the past. According to them the reason for this is the scarcity of 

rains, the conversion of  the ponds and swamps into human settlements and due 

to drought. 
 

 The different methodological approaches used in this study i.e. sampling of 

amphibians, statements in the  FGDs, (explaining about the use of the forest 

wood as fuel, for building houses, as an open  place for   farm land and  pasture, 

and the transition from pastoral way of life to agricultural crop production 

implicate a reduction in forest  area), which has been confirmed by the analysis 

of remote sensing together with the results  of measurements and analysis of DI  

in frogs, these all point towards a reliable conclusion that environmental change 

is impacting amphibian diversity.      
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5. Conclusions and Recommendations 
      5.1. Conclusions 

 

 Nearly no amphibian was found in the randomly established   forest plots ( 

systematically searching method of amphibians.. 

 Most of the amphibians were encountered by the various amphibian 

sampling techniques, mainly, Random search, AES, and VES. 

 A total of 159 amphibians consisting of 7 endemic species were 

encountered in the Harenna Forest, during the wet and dry season sampling 

periods.  

 4 species of amphibians, namely Altiphrynoides malcolmi, Balebreviceps 

hillmani, Erichabatrachus baleensis and Spinophrynoides osgoodi have 

been recorded from the Bale Mountains so far. 

 Non forest species such as Leptopelis and Ptychadena were found in rather 

large numbers in many non-forested and highly disturbed swampy areas 

and along streams in both wet and dry season   sampling periods.  

 Significant decline in the species diversity and abundance of amphibians is 

observed, since the time of the past surveys in the area i.e. the 1986 

Harenna Forest expedition. 

 Remote sensing revealed that, the Harenna Forest show significant change 

in land use/ land cover for the past 30 years. Forest land decreased by 

14.55% from 1973 to 2000, while wet lands decreased by 2.0% i.e. from 

36,677.8 hectares in 1973 to 23,221.9 hectares in 2000. On the other hand 

agricultural fields and settlements increased by 14.25% and 0.32% 

respectively. Thus the conversion of forest cover and wetlands of the 

Harenna, into new types of land uses such as agricultural crop production 

and settlements  resulted in the destruction of habitats which in turn resulted 

in the decline of amphibian numbers.   
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 A measure of DI indicated that the frog populations show anti symmetry in 

the left and right differences, which is an indication of unhealthy 

environment, or the frogs are at  risk of declining. 

 Discussions with local community elders, women, active farmers living in 

Harenna forest and experienced Park scouts revealed that the change   

from pastoralist way of life to agricultural production, increase in human 

population of the area, cutting of forest woods for fuel and for building 

houses (deforestation), uncontrolled fire, the conversion of wet lands and 

other forest areas into farm lands and settlements, are the major  reasons 

for climate change in the area. This seems to have eventually led to 

decrease in   the forest cover, hotter climate, and scarcity of rains, which in 

turn resulted in decrease in the number of amphibians in the area.  

5.2. Recommendations 
 

 In order to halt the decline in number of the unique amphibians of the 

Harenna Forest, urgent environmental conservation measures are 

needed to be taken to protect the flora and Fauna of the park, as a 

whole.  
 

 The impacts of human activity in the area should be reduced to a 

minimum by the enforcement of the existing wildlife laws and 

regulations. This can be achieved by the cooperation of   all 

stakeholders. 
 

 A system should be established to involve the local people in the 

conservation activities of the park, They must get a share from the 

benefits. 
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 Further research is required, urgently. i.e. a  detailed  amphibian survey, 

throughout the Harenna Forest, needs to be under taken, in order  to get 

a comprehensive understanding of the endemic herpetofauna of the 

area. The results need to be   effectively used in the   management   

plan of  the  park. 

 

 Training of more Herpetologists will give a better understanding of the 

unique herpetofauna of Ethiopia. 

 

 Efforts should be made for the inclusion of these rare and endemic 

amphibian species in the IUCN red list of threatened species and in the 

CITES. 

 

 Efforts should be made, by the concerned regional or Federal bodies for 

signing up and implementation of  the Ramsar Convention, in order to 

protect the wet lands of the BMNP. 
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8. Acronyms 
 
DI:         Developmental  Instability 

FA:        Fluctuation Anti Symmetry 

BMNP:   Bale Mountains National Park 

FGD:     Focus Group Discussion 

GMP:    General Management Plan 

AES :     Acoustic Encounter Survey 

VES:      Visual Encounter Survey 

EWCA:   Ethiopian Wildlife Conservation Authority 

IUCN:     International Union for conservation of Nature and Natural                    

               Resources 

CITES:    Convention on International Trade in Endangered Species of  

Wild   Fauna and Flora 

NHM:     Natural History Museum 

WWF:    Worldwide Fund for Nature 
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9. Appendices 
 

Appendix 1.  List  of the families and the number of amphibian 
species of the world.    
Anura (frogs and toads) (5732)  

Alytidae (5)  

Aromobatidae (94)  

Arthroleptidae (137)  

Ascaphidae (2)  

Bombinatoridae (10)  

Brachycephalidae (41)  

Brevicipitidae (25)  

Bufonidae (528)  

Calyptocephalellidae (4)  

Centrolenidae (150)  

Ceratophryidae (88)  

Craugastoridae (113)  

Cycloramphidae (102)  

Dendrobatidae (173)  

Discoglossidae (6)  

Eleutherodactylidae (202)  

Heleophrynidae (6)  

Hemiphractidae (93)  

Hemisotidae (9)  

Hylidae (867)  

Hylodidae (40)  

Hyperoliidae (210)  

Leiopelmatidae (4)  

Leiuperidae (79)  

Leptodactylidae (99)  

Mantellidae (174)  

Megophryidae (140)  

http://amphibiaweb.org/lists/Alytidae.shtml
http://amphibiaweb.org/lists/Aromobatidae.shtml
http://amphibiaweb.org/lists/Arthroleptidae.shtml
http://amphibiaweb.org/lists/Ascaphidae.shtml
http://amphibiaweb.org/lists/Bombinatoridae.shtml
http://amphibiaweb.org/lists/Brachycephalidae.shtml
http://amphibiaweb.org/lists/Brevicipitidae.shtml
http://amphibiaweb.org/lists/Bufonidae.shtml
http://amphibiaweb.org/lists/Calyptocephalellidae.shtml
http://amphibiaweb.org/lists/Centrolenidae.shtml
http://amphibiaweb.org/lists/Ceratophryidae.shtml
http://amphibiaweb.org/lists/Craugastoridae.shtml
http://amphibiaweb.org/lists/Cycloramphidae.shtml
http://amphibiaweb.org/lists/Dendrobatidae.shtml
http://amphibiaweb.org/lists/Discoglossidae.shtml
http://amphibiaweb.org/lists/Eleutherodactylidae.shtml
http://amphibiaweb.org/lists/Heleophrynidae.shtml
http://amphibiaweb.org/lists/Hemiphractidae.shtml
http://amphibiaweb.org/lists/Hemisotidae.shtml
http://amphibiaweb.org/lists/Hylidae.shtml
http://amphibiaweb.org/lists/Hylodidae.shtml
http://amphibiaweb.org/lists/Hyperoliidae.shtml
http://amphibiaweb.org/lists/Leiopelmatidae.shtml
http://amphibiaweb.org/lists/Leiuperidae.shtml
http://amphibiaweb.org/lists/Leptodactylidae.shtml
http://amphibiaweb.org/lists/Mantellidae.shtml
http://amphibiaweb.org/lists/Megophryidae.shtml


 91

Microhylidae (440)  

Myobatrachidae (128)  

Nasikabatrachidae (1)  

Pelobatidae (4)  

Pelodytidae (3)  

Pipidae (32)  

Ranidae (849)  

Rhacophoridae (309)  

Rhinophrynidae (1)  

Scaphiopodidae (7)  

Sooglossidae (4)  

Strabomantidae (553)  

Caudata (salamanders) (579)  

Ambystomatidae (32)  

Amphiumidae (3)  

Cryptobranchidae (3)  

Dicamptodontidae (4)  

Hynobiidae (51)  

Plethodontidae (391)  

Proteidae (6)  

Rhyacotritonidae (4)  

Salamandridae (81)  

Sirenidae (4)  

Gymnophiona (caecilians) (176)  

Caeciliidae (101)  

Ichthyophiidae (40)  

Rhinatrematidae (9)  

Scolecomorphidae (6)  

Typhlonectidae (13)  

Uraeotyphlidae (7) 

http://amphibiaweb.org/lists/Microhylidae.shtml
http://amphibiaweb.org/lists/Myobatrachidae.shtml
http://amphibiaweb.org/lists/Nasikabatrachidae.shtml
http://amphibiaweb.org/lists/Pelobatidae.shtml
http://amphibiaweb.org/lists/Pelodytidae.shtml
http://amphibiaweb.org/lists/Pipidae.shtml
http://amphibiaweb.org/lists/Ranidae.shtml
http://amphibiaweb.org/lists/Rhacophoridae.shtml
http://amphibiaweb.org/lists/Rhinophrynidae.shtml
http://amphibiaweb.org/lists/Scaphiopodidae.shtml
http://amphibiaweb.org/lists/Sooglossidae.shtml
http://amphibiaweb.org/lists/Strabomantidae.shtml
http://amphibiaweb.org/lists/Ambystomatidae.shtml
http://amphibiaweb.org/lists/Amphiumidae.shtml
http://amphibiaweb.org/lists/Cryptobranchidae.shtml
http://amphibiaweb.org/lists/Dicamptodontidae.shtml
http://amphibiaweb.org/lists/Hynobiidae.shtml
http://amphibiaweb.org/lists/Plethodontidae.shtml
http://amphibiaweb.org/lists/Proteidae.shtml
http://amphibiaweb.org/lists/Rhyacotritonidae.shtml
http://amphibiaweb.org/lists/Salamandridae.shtml
http://amphibiaweb.org/lists/Sirenidae.shtml
http://amphibiaweb.org/lists/Caeciliidae.shtml
http://amphibiaweb.org/lists/Ichthyophiidae.shtml
http://amphibiaweb.org/lists/Rhinatrematidae.shtml
http://amphibiaweb.org/lists/Scolecomorphidae.shtml
http://amphibiaweb.org/lists/Typhlonectidae.shtml
http://amphibiaweb.org/lists/Uraeotyphlidae.shtml
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Appendix 2. Sytematics of the Ethiopian amphibian, their Zoogeographic category and altitudinal 
range. 

Where, CAF=Central African Forest, E= endemic, EAM= East African montane, EAS= East African Savanna, EP= 

Ethiopian and Eritrean Plateau, PAS= Pan African savanna, SA = Somali Arid, WAS =West African Savanna, U= 

Unclassified. 

Order Family Genus Species Zoogeograp
hic 

category 

Altitudinal 
range (m) 

Gymnoph

onia 

Caeciliaidae Sylvacaecilia 

Wake 1987 

Sylvacaecilia grandisonae (Taylor 1970) E 1500 -2150 

Anura Pipidae Xenopus Wagler 

1827 

Xenopus clivii Peracca 1898 EP 820-2745 

   Xenopus largeni Tinsley 1995 E 2500-2650 

 Bufonidae Bufo Laurenti 

1768 

Bufo asmarae Tandy et al.1982 EP 2000-

3000(600?) 

   Bufo blanfordii Boulenger 1882 SA 380 

   Bufo dodsoni Boulenger 1895 SA 380-1800 
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Order Family Genus Species Zoogeograp
hic 

category 

Altitudinal 
range (m) 

   Bufo garmani Meek 1897 U(SA?) 400-2000 

   Bufo kerinyagae Keith 1968 EAM 1500-3300 

   Bufo langanoensis Largen et al. 1978 E ? 700-1585 

   Bufo lughensis Loveridge 1932 SA 400-1420 

   Bufo maculatus Hallowell 1855 PAS 2000 

   Bufo regularis Reuss 1834 U(PAS?) 400-2585 

   Bufo steindachneri  Pfeffer 1893 WAS 500-1300 

   Bufo xeros Tandy et al 1976 WAS 200 - 1500 

  Altiphrynoides 

Dubois 1987 

Altiphrynoides malcolmi ( Grandison 

1978) 

E 3200-4000 

  Spinophrynoides 

Dubois 1987 

Spinophrynoides osgoodi (Loveridge 

1932) 

E 1950-3520 

 Microhylidae Balebreviceps 

Largen & Drews 

1989 

Balebreviceps hillmani Largen & Drews 

1989 

E 3200 

  Phrynomantis 

Peters 1867 

Phrynomantis somalicus( Scrotecci 

1941) 

SA 1200 
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Order Family Genus Species Zoogeograp
hic 

category 

Altitudinal 
range (m) 

 Ranidae  Euphlyctis 

Fitzinger 1843 

Euphlyctis occipitalis( Gunther 1859) PAS 515-1400 

  Conraua Nieden 

1908 

Conraua beccarii ( Boulenger 1911) EP 1100-2500 

  Tomopterna  

Dumeril & Bibron 

1841 

Tomopterna cryptoti s( Boulenger 1907) PAS 400-2500 

  Rana Linnaeus 

1758 

Rana angolensis Bocage 1866 EAM 1000-3100 

  HylaranaTschudi1

838 

Hylarana galamensis ( Dumeril & Bibron 

1841) 

PAS 500 

  Hilderbrandtia 

Nieden 1907 

Hildebrandtia macrotympanum 

(Boulenger 1912) 

SA ? 

  Ptychadena 

Boulenger 1917 

Ptychadena anchietae (Bocage 1867) EAS 400-1800 

   Ptychadena cooperi (Parker 1930) E 2500-3100 

   Ptychadena filwoha Largen 1997 E? 800-1000 
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Order Family Genus Species Zoogeograp
hic 

category 

Altitudinal 
range (m) 

   Ptychadena harenna Largen 1997 E 1550 

   Ptychadena mascareniensis( Dumeril & 

Bibron 1841) 

PAS 400-2000 

   Ptychadena erlangeri (Ahl 1924) E 1300-2500 

   Ptychadena nana Perret 1980 E 2000-3000 

   Ptychadena neumanni ( Ahl 1924) E 820-3800 

   Ptychadena porosissima (Steindachner 

1867) 

EAS 1850 

   Ptychadena pumilo (Boulenger 1920) U (PAS?) 1000- 1850 

   Ptychadena schillukorum (Werner 1907) PAS 450-500 

   Ptychadena tellinii  ( Peracca 1904) WAS 900-1000 

   Ptychadena wadei  (Largen 2000) E 1800-1850 

  Cacosternum 

Boulenger 1887 

Cacosternum boettgeri ( Boulenger 

1882) 

EAS 800-2500 

  Ericabatrachus 

Largen 1991 

Ericabatrachus baleensis      Largen 

1991 

 

E 2400-3200 
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Order Family Genus Species Zoogeograp
hic 

category 

Altitudinal 
range (m) 

  Phrynobatrachus 

Gunther 1862 

Phrynobatrachus inexpectatus Largen 

2001 

E 2600-2650 

   Phrynobatrachus minutus ( Boulenger 

1895) 

EAM 800-2800 

   Phrynobatrachus natalensis ( Smith 

1849) 

PAS 400-2200 

 Rhacophorid

ae 

Chiromantis 

Peters 1855 

Chiromantis kelleri Boettger 1893  SA 500-1400 

 Hyperoliidae Leptopelis 

Gunther 1859 

Leptopelis bocagii ( Gunther 1864) EAS 515-1900 

   Leptopelis gramineus (Boulenger 1898) E 1900-3900 

   Leptopelis ragazzii ( Boulenger 1896) E 1930-3100 

   Leptopelis susanae ( Largen 1977) E 2600-3000 

   Leptopelis vannutelli  (Boulenger1898) E 1500-2200 

   Leptopelis yaldeni  Largen 1977 E 2000-2700 

  Kassina Girard 

1853 

Kassina macculifer (Ahl 1924) SA 1400 
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Order Family Genus Species Zoogeograp
hic 

category 

Altitudinal 
range (m) 

   Kassina senegalensis ( Dumeril & Bibron 

1841) 

PAS 515-2000 

   Kassina somalica Scortecci 1932 SA 960-1500 

  Paracassina 

Peracca 1907 

Paracassina kounhiensis (Mocquard 

1905) 

E 1980-

3200(1300?) 

   Paracassina obscura ( Boulenger 1894) E 820-3000 

  Afrixalus Laurent 

1944 

Afrixalus clarkeorum Largen 1974 E 820-1800 

   Afrixalus enseticola Largen 1974 E 1700-2750 

   Afrixalus quadrivittatus (Werner 1907) U(CAF?) 515 

  Hyperolius Rapp 

1842 

Hyperolius balfouri  (Werner 1907) WAS 450-820 

   Hyperolius kivuensis Ahl 1931 EAS 500-820 

   Hyperolius nasutus Gunther 1864 PAS 515-2000 

   Hyperolius viridiflavus( Dumeril & Bibron 

1841) 

 

U(EAS?) 400-2400 
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Order Family Genus Species Zoogeograp
hic 

category 

Altitudinal 
range (m) 

 Hemisidae Hemisus Gunther 

1859 

Hemisus marmoratus( Peters 1854) PAS 500-1850 

   Hemisus microscaphus Laurent 1972 E 1500-2700 

Source: (Largen 2001) 
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Appendix 3.   List of amphibian species in the BMNP   

Source: (Largen, 2001) 
 
 

 
Species 

Zoogeographic 

category 

 

Altitudinal range (m) 

Xenopus clivii Peracca ,1898 EP 820-2745 
Bufo garmani Meek ,1897 U(SA?) 400-2000 
Bufo kerinyagae Keith, 1968 EAM 1500-3300 
Altiphrynoides malcolmi (Grandison, 1978) E 3200-4000 
Spinophrynoides osgoodi (Loveridge,1932) E 1950-3520 
Balebreviceps hillmani Largen & Drews, 1989 E 3200 
Ptychadena anchietae  (Bocage, 1867) EAS 400-1800 
Ptychadena cooperi (Parker, 1930) E 2500-3100 
Ptychadena harenna Largen, 1997 E 1500 
Ptychadena neumanni ( Ahl 1924) E 820-3800 
Ptychadena erlangeri ( Ahl, 1924) E 1300-2500 
Ericabatrachus baleensis  Largen 1991 E 2400-3200 
Phrynobatrachus minutus( Boulenger,1895) EAM 800-2800 
Leptopelis gramineus ( Boulenger, 1898) E 1900-3900 
Leptopelis ragazzii ( Boulenger 1896) E 1930-3100 
Paracassina kounhiensis ( Mocquard,1905) E 1980-3200(1300?) 
Afrixalus enseticola Largen, 1974 E 1700-2750 
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Appendix 4:   Major rivers and their tributaries in the BMNP  
 
 

Major rivers 
 

Tributaries 
 

Wabe Shebele Abasa, Arba, Baaranda, Boko, Furunna, Gondadoh, Layleeso, and Solay 

Web 

Albabo, Dalacha, Danka, Dimbeeba, Garano, Gaysay, Kabasha, Kaficho, Keyrensa, Lolla, 

Micha, Shaiya, Shaiya-Gugesa, Tayanta, Togona, Toroshama, Walla, Wasama, Web and 

Zetegne Melka 

Dumal 6 un-named tributaries 

Welmel Garemba, Rira, Shawe, Shisha and Yadot 

Ganale Welmel and 2 other large tributaries 

Source:  Hillman, 1986  
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Appendix 5. Field data sheet used for collecting amphibians 

     
GPS Coordinates 
       

 
Weather 

Color 
notes 

No Species Tag Date Time Latitude Longitude altitude(m) Locality Habitat   
1            
2            
3            
4            
5            
6            
7            
8            
9            

10            
11            
12            
13            
14            
15            
16            
17            
18            
19            

    20            

 

 

 

 

 



 102

Appendix 6. Measurements of fore limbs and hind limbs of frogs 

 Locality Tags 
No     

Left Fore  
limb length 
(mm) 

Right forelimb 
length(mm) 

Left hind limb 
length(mm) Right hind limb length(mm)  

1 Rira 23 12.3 6 15.5 15.9 
2 katcha 96 6.6 6.3 16.4 16 
3 Dinsho 2 5.1 4.5 7 7.6 
4 Katcha 102 5.9 4.8 11.7 10.2 
5 Rira 25 5.9 5 8.8 7.9 
6 Katcha 108 7.2 4.4 15.1 14.9 
7 Rira 12 2.8 2.1 5 4.9 
8 Katcha 38 5.7 5.4 11.6 9.4 
9 Rira 20 3.3 4.6 11.6 10.6 

10 Rira 36 6.5 6.3 11.8 9 
11 katcha 104 5.7 7.8 17.2 18.8 
12 Galema 100 5.6 0 18 10.9 
13 Rira 66 3.5 3.7 6 5 
14 Rira 82 3.7 3.5 7.4 8.3 
15 katcha 98 3.7 5.6 9.2 9.6 
16 katcha 106 2.3 2.1 10.8 9.4 
17 Rira 94 1.2 2.9 4 4.9 
18 Rira 70 3.4 3.5 11.1 10.3 
19 Rira 60 2.5 3.7 8.1 10.9 
20 Dinsho 390 1.3 1.7 5.3 4.5 
21 Rira 90 4.4 5 15.2 15.7 
22 Rira 86 2.6 2.4 10.8 10 
23 Rira 84 3 2.1 11.1 10 
24 Dinsho 388 1.6 1.3 6.6 5.1 
25 Rira 68 3 2.8 10.5 10.2 
26 Rira 88 3.9 2.6 11.6 10.4 
27 Rira 92 2.4 2.5 8.6 9.6 
28 Rira 66 3.7 3.7 7.3 7.1 
29 katcha 103 5.2 4.5 12.5 13 
30 katcha 123 3.1 4 9.4 9.6 
31 Galema 62 5.4 5.2 8.9 9.1 
32 Galema 58 4.7 4.8 6.8 8.2 
33 Galema 61 4.9 4.8 7.9 7.4 
34 Kullela 92 4.9 5.2 6.9 9.1 
35 katcha 118 2.2 3.1 6 6.5 
36 katcha 119 3.1 4.3 10.2 11.6 
37 katcha 104 6.5 5.5 15.8 13.1 
38 katcha 113 5.5 6.3 13.9 14.8 
39 Kullela 98 3.9 3.5 6.1 7.6 
40 Galema 60 3.3 3.9 7 7.8 
41 Kullela 99 2.2 3.5 5.9 6 
42 katcha 120 6.1 6.8 14.5 14.5 
43 Rira 67 3.7 3.2 8.9 8.5 
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44 Kullela 100 2.6 2.8 6.6 
 

6.2 
45 katcha 110 4.4 5.2 13.7 13.6 
46 katcha 121 6.1 5.9 15.3 14.2 
47 katcha 122 6.4 5.7 13.1 13.7 
48 Kullela 93 2.3 2.8 6 6 
49 Kullela 94 2.7 2.4 5.1 5.3 
50 Galema 59 4.7 4.3 7.6 7.5 
51 Kullela 101 2.7 2.4 4.1 5.8 
52 Rira 91 4.1 4 15 15.7 
53 Rira 3 4.6 3.7 14 11.3 
54 Rira 13 3.9 4.4 16.7 14.7 
55 Kullela 97 4.6 4.3 16.3 16.7 
56 Rira 37 2 3.2 15.8 15.9 
57 Kullela 95 2.3 2.6 10.1 11.2 
58 Rira 41 2.6 2.1 11.3 10.1 
59 Rira 19 1.8 2.2 12.7 10 
60 Rira 11 2.1 2.3 11.3 10.7 
61 Rira 38 2.5 2.5 8.2 7.2 
62 Rira 15 1.9 2 10.6 12.5 
63 Rira 21 2.9 3.6 11.5 11.6 
64 katcha 109 2.1 2.8 10.2 10.2 
65 Rira 45 2 2.7 10.9 11.6 
66 Rira 47 2.7 2.8 10.4 9.8 
67 Rira 40 2 1.1 11.4 12 
68 katcha 108 1.8 2.5 6.6 6 
69 Rira 7 3.9 3.7 12.9 13.8 
70 Rira 1 4.2 3.2 12.7 11 
71 Rira 42 2.5 1.2 9.5 10.8 
72 katcha 112 2.4 1.3 7.5 7.9 
73 katcha 115 2.7 2.2 9.1 10.3 
74 Rira 25 1.8 2.7 10.8 9.1 
75 Kullela 96 2.9 2.2 8.7 8 
76 Rira 46 2.1 2.8 10.7 11.3 
77 Rira 9 3.9 3.9 13.1 15 
78 Rira 23 4.6 3 14.9 15.9 
79 Rira 31 4.7 3.7 14 15.5 
80 Rira 32 3.7 3.9 13 12.1 
81 katcha 114 2.3 2.7 9.5 9.3 
82 Rira 35 2.8 2.7 8 9.9 
83 katcha 105 1 1.5 6.4 5 
84 Rira 44 2.1 2.4 7.4 8.8 
85 katcha 117 2.6 2.5 7.2 7.2 
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Appendix 7.   Questionnaire ( Points of discussions) 

People are informed that when we refer to the past that we are talking about the 

period before the Derg regime was overthrown (about 20 years back). 

Life in general 

1 Could you describe how life in Rira was in the past compared to now? 

1.1 What about jobs/work? 

1.2 What about food? 

1.3 What about livestock? 

1.4 What about the use of fertilizer/manure? 

1.5 What about the source of drinking water? 

1.6 What about the utilisation of fuel (for cooking)? 

Environment 

2   Do you remember how was/(what) the area around Rira (place X) (looked 

like) in the past compared to now? 

2.1 What about the forest? 

2.2 What about the ericaceous forest? 

--> if they mention change: 

2.2.1 How does this change affect your every-day life? 

2.2.2 In your opinion, what could be the reason for this change? 
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2.3 What about the climate/weather (air condition)? 

--> if they mention change: 

2.3.1 In your opinion, what could be the reason for the change in climate? 

Amphibians 

3    What kind of wild animals did you observe in the past compared to now? 

3.1 Do you observe amphibians (raja) around Rira (place X) or in the forest? 

--> if yes: 

      3.1.1 What is the type of food that amphibians feed on? 

      3.1.2 Is there any animal that feeds on amphibians? 

3.2 How do you feel about amphibians? (What do you feel when you look at 

amphibians?) 

--> if they say dislike: 

     3.2.1 Why do you dislike them? 

--> if they say like: 

     3.2.2 Why do you like them? 

     3.2.3 Are amphibians (raja) useful to humans? 

--> if yes: 

              3.2.3.1 Can you tell us what are the uses to humans?  /in what ways 

are they useful? 
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3.2.4 Do you think that amphibians are harmful to humans? 

--> if yes: 

       3.2.4.1 Can you tell us the harmful effects of amphibians? 

3.3 Could you tell us about the different kinds of amphibians that you 

observed in the past compared to now? 

3.3.1 What about their number? 

--> if change: 

3.3.2 What do you think the reason for that? 

3.4  It is obvious that amphibians live around water. How is the condition of 

the rivers, streams and ponds in your area as compared to the past? 

3.4.1 During which season do you observe most amphibians? 

Additional information 

4   Can you tell us any additional information about your environment? 



 i
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