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ABSTRACT

An assessment of the distribution and feeding ecology of amphibian (anuran) species of
Kimboza Forest Reserve, Tanzania was conducted between March 2017 and April 2017.
Visual encounter survey and capture methods were used to study the distribution of
anurans. Captured animals were degutted and their gut contents were used in the study of
feeding ecology. A total of 13 species of amphibian belonging to 7 families of order
anuran were found to exist in Kimboza forest. The highest occurrence of anurans (70%)
was recorded in areas where forest border with farms and along Kimboza forest streams.
The study showed that there was no significant variation of occurrence of anurans among
different habitats in Kimboza forest (Q=11; DF =6; P=0.096). On the other hand, about
462 prey items belonging to 10 food groups were found in the guts of 93 captured anurans
and the most abundant food groups were Isoptera and Hymenoptera while Coleoptera
were the most frequent. There were no significant differences in the anurans’ diet
(composition, diversity and preferences) among different habitats of the forest (along
boundaries and within the forest) but significant differences were found between the upper
fragment and the lower fragment of the forest. The similarities of diets of anurans in
different habitats along forest boundaries and within the forest were due to the fact that
most of anurans were generalist predators. The study provides a preliminary estimation of
the actual diet of anurans and establishes a general distribution pattern for these species in
Kimboza forest. These findings are important for understanding and management of
anurans in Kimboza Forest Reserve. Further studies focused on dry season and nocturnal
species are recommended so as to come up with a complete description of the distribution

and feeding ecology of anuran species of Kimboza Forest Reserve.
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CHAPTER ONE

1.0 INTRODUCTION

1.1 Background Information

Amphibians are mostly considered to be generalist predators (Pough et al., 2004). Some
species have a narrow diet or even specialise on certain prey categories. For example a
number of species of Microhylids and Dendrobatids, have specialised on eating ants and
termites (Hirai and Matsui, 2000; Solé et al., 2002). Nevertheless, within the generalist
specialist continuum, there are several species that have highly varied diets, but with
concentrated consumption of a few prey categories (Siqueira et al., 2006; Lima et al.,

2010).

The differences in diet composition are probably due to variation of habitats abundance
and diversity of prey (Sousa and Avila, 2015). The type and quality of habitat tend to
influence the distribution and feeding preferences in anurans (Ferenti et al., 2010). For
instance, anthropogenic disturbance of habitat can lead to variation in composition and
abundance of resources, and as a result some species may adjust their diets. Generalist
species are a good example of such species as they have the ability to adjust their diets to
the more available resources in order to improve their energy uptake and fitness (Gray and
Smith, 2005; Williams et al., 2006; Falico et al., 2012). However, the highly specialised
species or those with specific and fixed trophic requirements have greater difficulties of
coping with environmental alterations which usually cause changes to prey availability

(Williams et al., 2006).

Amphibians (anurans) are distributed in different forest types and in different

microhabitats. There are many factors that influence the differences in the distribution of



anuran species in their habitats. For example, diet was found to be one of the factors by
Allmon (1991) who observed that the distribution patterns of forest leaf litter anurans was
linked to prey availability. Further, there are other factors which are reported to influence
the differences of distribution of anuran species in the same habitat including
environmental structure (Menin et al., 2005), differential utilisation of microhabitat and

foraging strategy (Franca et al., 2004).

Amphibians are an abundant and diverse component of many terrestrial and freshwater
ecosystems where they play critical roles in food webs often linking terrestrial and aquatic
ecosystems (Pradhan et al., 2014). The rapid and ongoing reduction of amphibians’
species richness worldwide has added urgency for dedicated efforts to understand the
ecological roles that they play within ecosystems (Connelly et al., 2011). Threats to
amphibians are particularly evident in the coastal region of Tanzania, where forests
continue to decline as a consequence of expanding populations and proximity to urban
areas (Barratt et al., 2014). Feeding can be an important parameter for the understanding
of anuran life history, population fluctuations, the impact of habitat modification on those
populations especially for species that inhabit endangered areas, and as an indicator of the
quality of the environment in which the amphibians live (Santos et al., 2004 ; Kovacs et

al., 2007).

1.2 Problem Statement and Justification of the Study

Amphibian population is steadily declining where by it is approximated that 97 percent of
the existing species are found in protected areas (Milligan et al., 2014). The main reasons
for the population decline include habitat loss and degradation (Milligan et al., 2014). Yet,
amphibians have not been given appropriate attention with regard to their ecological roles

in ecosystems to where they exist (Valencia-Aguilar et al., 2013). This, among many



reasons, is brought about by low level of understanding regarding the roles that
amphibians play in ecosystems (Bickford et al., 2010; Hocking and Babbitt, 2014). A
good example is in Kimboza forest reserve where there is poor information on amphibians
due to little attention with regard to their important ecological roles (Bayliss, 1994; Clarke
and Dickinson, 1995). None of the studies conducted so far have involved the

understanding of distribution, dietary composition and feeding preferences of anurans.

Although a few studies exist, Kimboza forest reserve is known to harbor high diversity of
amphibians. However, the home ranges and foraging habitats for these species are
threatened by increased anthropogenic disturbances resulting from illegal agriculture
activities in the forest area, timbers and pole harvesting carried out by people in the
villages surrounding the forest (Kacholi, 2013). Since, amphibians are important
components in trophic cascades of ecosystems, their vanishing may bring crucial effects
on ecosystem functioning (Mohneke and Rddel, 2009). Accordingly, besides available
basic ecological and biological data on amphibians, studies on feeding ecology can help to
open up abundant but hidden ecological information which can be used to estimate the
effects of loss of amphibians on ecosystem functioning (Duffy, 2002; Whiles et al. 2006).
Furthermore, information on amphibian distribution is essential in understand where
species occur and to be able to determine sound conservation strategies of the species
(Dodd and Smith, 2003). Therefore, this study was aimed at unveiling the distribution and
feeding ecology of Amphibians of Kimboza forest reserve. Besides being the first of its
kind in Tanzania for the class, the information about predation competition and trophic

cascades is of great use in furthering understanding of amphibian ecology.



1.3 Objectives of the Study
1.3.1 Overall objective
The overall aim of the study was to describe the distribution and feeding ecology of

amphibian (anuran) species in Kimboza Forest Reserve.

1.3.2 Specific objectives
The specific objectives of the study were:
I.  To examine the distribution of anurans in different habitats across Kimboza Forest
Reserve.
ii.  To analyze the anuran dietary composition.
iii.  To examine the anuran dietary diversity.
iv.  To assess the influence of habitat on the feeding preferences of anuran species in

Kimboza forest Reserve.

1.3.3 Research questions
To realize the specific objectives, the study was guided by these questions:
i. How are anurans species distributed across different habitats along boundaries and
within Kimboza forest?
ii. What is the food composition of anuran species in Kimboza forest?
iii. How diverse is the food composition of anuran species in Kimboza forest?
iv. How do different habitats along boundaries and within the forest influence the feeding

preference of anuran species in Kimboza forest?



CHAPTER TWO

2.0 LITERATURE REVIEW

2.1 Amphibians

Amphibians can be defined as quadrupedal vertebrates having two occipital condyles on
the skull and no more than one sacral vertebrate with glandular skin that lacks the
epidermal structures (scales, feathers, and hairs) (Duellman and Treub, 1986). They are
generally known as tetrapods with aquatic larvae and terrestrial adults, although
amphibians may have other life histories. Further life histories of amphibians include
permanently aquatic or strictly terrestrial and lack of aquatic larvae. Amphibian species
with strictly terrestrial life occur in majority of salamander and caecilians species, but also
in more than a thousand frogs. These members lay eggs on land which develop directly
into miniatures of adult. Furthermore, some of frogs transfer eggs to male vocal sacs, or to
pouches in the skin of the back of female, or even to the stomach of females to avoid use
of aquatic habitat. On the other hand, some members of amphibian are live-bearers,
giving birth to metamorphosed young that have been nourished during development in the

reproductive tract of the female (Whittaker et al., 2013).

There are over 7000 species of amphibian worldwide. Over 6 800 species of amphibians
are placed in three orders Anura (the frogs and toads), Caudata (salamanders), and
Gymnophiona (caecilians). Among all the three groups, anurans comprise most of the
amphibians containing over 6000 species. Salamanders and caecilians contain more than
600 species and nearly 200 species, respectively (Amphibian Web, 2017). In general,
anurans are defined as tailless amphibians with elongated hind limbs having the most
distinctive features which are concentrated at the rear end of the animal the fused post

sacral vertebrate which form a single bone (the urostyle, or cocoyx). This distinctive



feature gives anurans their characteristic squatting reciprocation calls for receptive female
in response to male advertisements (Duellman and Treub; 1986 Beebee, 1996).
Furthermore, anurans are able to jump because of their very short and stiffened trunk with

relatively elongated legs and feet, although some species walk, hop, or burrow.

On the other hand, majority of salamanders have the structure of a generalised tetrapod
with four legs, a relatively short but flexible trunk, and a tail. Some are exceptionally
elongated with very small limbs or only forelimbs. Salamanders can be very large about
1.5m in size. In contrast, caecilians do not possess limbs and their eyes are covered by skin
or bone. Caecilians have high numbers of trunk vertebrae and are very elongated, but they

either lack entirely or have an exceedingly short tail (Whittaker et al., 2013).

Amphibians comprise a diverse component in both aquatic and terrestrial ecosystems.
They are normally important components of communities and food webs. In some
ecosystems, amphibians are the dominant predators, both in terms of numbers and total

biomass. Adult amphibians are effective predators (Whittaker et al., 2013).

2.2 Distribution of Anurans

Anurans are distributed in different forest types and in different microhabitats. Some of
them live in specialised niches that are created by the seasons, climate and life zones.
These niches influence anurans abundance and distribution over the different forest types
(Savage, 2002; Wells, 2007). Allmon (1991) found that distribution patterns of forest leaf
litter anurans are associated with prey availability. Therefore, knowledge on feeding
ecology of coexisting anuran species contributes to the understanding of the organisation

of the respective communities (Juncé and Eterovick, 2007).



However, diet is not the only factor that influences the differences in distribution among
sympatric species. There are other factors like, differences in foraging strategy (Franca et
al., 2004), differential utilisation of microhabitat (Franga et al., 2004; Dure and Kehr,
2004), and environmental structure (Menin et al., 2005). Interaction of these factors
determines the coexistence among species in amphibian communities (Narvéaez et al.,
2014). For instance, amphibian distributions at a breeding pond are influenced by pond
hydroperiod (Collins and Wilbur, 1979), type and amount of vegetation surrounding the
breeding site (Skelly et al., 1999), presence of fish and/or other predators (Semlitsch,

2000) and water chemistry (Hecnar and M’Closkey, 1996).

Furthermore, amphibian species have different habitat preferences. For instance, many
amphibian species are known to have specific non-breeding habitat preferences. Eastern
gray treefrogs and spring peepers are the good examples of such species since they spend
the majority of their lives in forests or wooded wetlands after the breeding season
(Harding, 1997). Other species may be less specific in their habitat requirements in and

near breeding sites like the American toad and green frog (Price et al., 2005).

Again, Carr and Fahrig (2001) found that infrastructure and other anthropogenic
characteristics also influence anuran distributions. For instance, habitat fragmentation
caused by roads can reduce amphibian abundance and isolate populations by impeding
amphibian movements across landscapes. Also, urbanisation contributes to the complete
loss of habitat which can eventually lead to local population extinction. On the other hand,
Price et al. (2005) found that some of the anurans species may use drainage ditches and
other habitat modifications to serve as dispersal corridors or to replace natural wetlands in

agricultural landscapes (Reh and Seitz, 1990). In general, the investigation of amphibian



distribution and status is necessary to understand where species occur and to determine if

declines have taken place or are in progress (Dodd and Smith, 2003).

2.3 Feeding Ecology

Feeding ecology is defined as the processes which determine general diet. However,
feeding ecology and foraging behavior which is defined as that which is required to stalk,
catch, manipulate and eat prey are arbitrary as the processes covered by each of term are
not mutually exclusive. There are significant areas of overlap between the two terms
(Carss, 1995). Feeding is a fundamental function of any organism. Feeding provide mean
of understanding organism connection to the environmental resources, and to determine its
relation to the environment. Consequently, feeding is an essential indicator of the position
of a species in an ecosystem as it is the primary link between an animal and its
environment (Kenett and Tory, 1996). Studies on feeding of sensitive animals like anurans
are capable of providing much information about the stage of habitat degradation (Ferenti
et al., 2010). Furthermore, characterisations of feeding provide means for understanding
different biological aspects such as: the ecological organisation in communities and
assemblages (Arroyo et al., 2008), the phylogenetic relationships among species (Grant et

al., 2006), and their behavior and physiology (Lima and Magnuson, 1998).

There are various factors influencing the feeding habits in amphibians, such as seasonal
abundance of food (Toft, 1980), ecological tolerances, and morphological constraints
(Pough et al., 2004). Several anurans have evolved adaptations related to feeding mode
(Meyers et al., 2004). Among the most interesting of these are the alkaloid-containing
anurans in families: Dendrobatidae (various genera) and Bufonidae (Melanophryniscus),
and the Madagascan Mantellidae (Mantella). Alkaloids play a role in defense from

predators (Daly et al., 1987). Saporito et al. (2007) found that specialization on ants and



termites by some dendrobatid species is related with production of toxic alkaloids found in

their skins.

Traditionally, amphibian feeding ecology analysis has been carried out based on
taxonomic identification of gut contents (Lépez et al., 2005). Amphibians have been
classified as active or passive (“sit and wait”) foragers, and specialist, intermediate or
generalist predators depending on relative proportions of the different type of prey found
in their gastrointestinal tracts (Lépez et al., 2003). Toft (1981) found that sit-and-wait
species consume a few large preys, while active foraging species consume small, highly
mobile prey. Moreover, individuals may use different foraging strategies as a response to

fluctuations in prey abundance (Duellman and Trueb, 1994).

Toft (1981) further explained that there are two adaptive pick of anuran species foraging
strategies that is sit and wait (broad niche species) and active foragers (narrow niche
species) meaning anurans using sit and wait strategy had broad niche while those with
active foraging strategy had narrow niche. Evidence shows that species with a tendency
towards active foraging are partially independent of the aquatic environment, while those
showing a tendency for the sit and wait strategy have higher dependence on aquatic or

semi-aquatic environments (Haddad and Prado, 2005).

The type of foraging and trophic niche could be also related to structural differences in
habitat heterogeneity. Areas with waters sources tend to have higher structural
heterogeneity compared with dry areas (Méndez-Narvaez et al., 2014). Therefore, anurans
feeding on water sources are expected to have greater availability of prey items compared
to dry areas, because of the positive correlation between heterogeneity and diversity of

arthropods (Tews et al., 2004), and thus they can exhibit a sit and wait strategy and abroad
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trophic niche. Meanwhile, those on grasslands, where is characterised by low diversity of
invertebrate and the dominance of ants (Kamura et al., 2007), should be active for

detection and capturing (Dure and Kehr, 2004).

2.4 The Dietary Composition of Anuran Species

The diet of anurans reveals thier source of energy for growth maintenance, and
reproduction but it also indicates part of their ecological roles (Zug et al., 2001). Diets of
anuran species depend on factors, such as morphological constraints associated to life-
history stage, size, specialisation, foraging mode, diet plasticity, presence or absence of
competitors and changes in resource availability due to habitat alterations by humans
(Lima et al., 2010). Traditionally anurans are described as generalist predators, with
opportunistic foraging behavior (Duellman and Trueb, 1986) and this is because almost all

of them have low level of discrimination in feeding (Stebbins and Cohen, 1997).

The diet of adult anurans consists mainly of invertebrates (Anderson et al., 1999).
However, small vertebrates, such as fish, rodents, birds, reptiles and amphibians may
occasionally be consumed by larger amphibian species (Duellman and Trueb, 1986;
Beebee, 1996) and cannibalism may also occur (Jordan et al., 2004). Some species are
also found to rarely feed on plant materials and other non moving food items (Santos et
al., 2004). Kovacs et al. (2007) found that increase of the feeding intensity result to rise of

accidental ingestion of vegetal fragments.

Anurans do not wholly lack food preferences (Stebbins and Cohen, 1997). There are some
of species with narrow diet or even specialise on certain prey items. Specialisation in diet
is frequently linked with morphological, physiological, and behavioral characteristics that

facilitate location, identification, capture, ingestion, and digestion of prey items (Solé and
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Rddder, 2009). Some of anuran species have specialized in eating ants and termites.
Evidence shows that specialization on ants and termites by some dendrobatid species is

related with production of toxic alkaloids found in their skins (Saporito et al., 2007).

Anuran diet varies and these differences in diet composition are probably due to variation
in abundance and prey diversity of an area (Sousa and Avila, 2015). For instance anurans
occupying different habitats may have variation on the prey items they eat. Therefore on
this basis, data on diet composition can support both ecological and behavioural studies
(Fabricante and Nufieza, 2012). On the other hand, species using the same habitats in the
area may consume similar food (Nuneza et al., 2012). The diet of anuran may vary due to
time and space variations (Quiroga et al., 2011). Accordingly, dietary descriptions of
anurans from different localities are important. Studies concerning the diet of adult
amphibians have been conducted for various species in almost all regions of the world,

although studies on African anurans are comparatively rare (Hirschfeld and Rodel, 2011).

2.5 The Dietary Diversity of Anuran Species

The habitat morphology is reflected by the food eaten by anurans. For instance, areas with
water sources tend to have higher structural heterogeneity compared to dry areas (Méndez-
Narvédez et al., 2014), and therefore anurans feeding on the water source areas are

expected to have greater availability of prey items than anurans in dry areas.

The habitat quality and local arthropod diversity affects the source of food for anurans
(Daly et al., 2008). Ferenti et al. (2010) established that the highest diversity values of the
feeding occur in habitats where the percentage abundance of terrestrial and aquatic prey
was close. Further, the diversity of food groups tends to vary with season, and for instance

slightly increase of diversity usually occurs in wet seasons. Generally, the food diversity
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of anurans can be an indicator of the quality of the environment in which the amphibians

live (Kovécs et al., 2007).

2.6 The Influence of the Habitat on the Feeding Preferences of Anuran Species

Habitat has a strong impact on the feeding preferences of anuran species which include
food composition and frequency, size and volume of prey (Plistli et al., 2016). Martin
(1998) found that the initial phase of the development of previous changes within a
population is influenced locally by microhabitats. The environmental changes that take
place in habitats may result to decrease or increase of prey number in habitats depending
on whether the changes are either unfavorable or favorable for preys. These changes of
either decrease or increase of prey in habitat will in turn affect the predatory anurans. As a
result, the diet composition of anuran species may vary according to the prey items
available in a specific habitat (Maneyro and da Rosa, 2004). For example, the diet
composition varies between natural and anthropogenic habitats (Solé and Rdédder, 2009).
Again, the rate of feeding activity of anurans is usually determined by changes happening
in the microhabitat. For instance, the variation of feeding intensity of anurans is a result of
either modification of the environmental conditions or because of the anthropogenic effect

upon the habitats (Kovacs et al., 2007; Covaciu- Marcov et al., 2010).

The similarity of the food consumed by anuran species is the result of species occupying
the same habitats in the area (Nuneza et al., 2012), meaning that the similarity of the
habitat morphology is reflected by the food consumed by anurans. Furthermore, the type
of foraging and trophic niche of anurans could be related to structural differences in
habitat heterogeneity (Méndez-Narvaez et al., 2014). This is because feeding behavior of

anurans is strongly linked to the conditions where anurans live, for example anurans may
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use different foraging behaviors in order to avoiding food competition (Vignoli et al.,

2009).

2.7 Techniques for Investigating the Diet of Anurans

Scientists use many techniques for investigating the diets of anurans. These various
techniques involve direct observation of the food that is been eaten by anurans or their
collected faeces but also through dissecting or flushing of their stomachs. The most
common techniques used are dissection and stomach flushing. This is because direct
observation and collected feaces observation are very difficult since there are low chances
of spotting anurans in action of feeding and in observing collected faeces many prey items
may be completely digested or unrecognisable (Hirschfield and Rodel, 2011). Many
researchers recommend stomach flushing instead of stomach dissection which involves
killing of specimens and agree that ultimately stomach dissection should not be used any
more. The reason behind has been that there is no significant differences on compared data

of stomach dissection and stomach flushing (Wu et al., 2007).

However, most dietary studies continue to rely upon freshly killed specimens, most likely
because stomach-flushing techniques proved rather inadequate and difficult to replicate.
For example in the analysis of food composition of amphibians both techniques stomach
flushing and dissection give similar qualitative prey composition when applied but,
different quantitative. The quantitative difference is brought by the fact that stomach
flushing might be less effective in terms of larger food items (Hirschfield and Rodel,
2011). Again, researchers cannot perform stomach flushing if selected species are too
small and fragile (Macale et al., 2008), and when they want to obtain the entire digestive
tract in order to include the intestine to avoid overestimating larger prey (Peltzer et al.,

2000; Lopez et al., 2007).
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In order to be able to perform either stomach flushing or dissection anurans are captured
by pitfall traps or with drift fences or by hand (Sousa and Avila, 2015). However,
capturing anurans by hand or net and immediate processing of anurans by flushing of
stomach contents or killing of anurans is a more suitable method than the use of pitfall
traps and drift fences, the method facilitate stopping of the digestion of prey. Digestion of
prey tends to cause underestimation of number and volume of prey. Thus, minimising the
time between capture and processing is important as the number and volume of preys
obtained are affected by the time taken between capture to processing (Covaciu-Marcov et

al., 2010).

2.8 Importance of Amphibians in the Ecosystem

Amphibians are often a diverse component of an ecosystem (Watling and Ngadino, 2007).
Amphibians have an immense contribution to ecosystems as they play direct and indirect
roles in provisioning, regulating, cultural, and supporting services (Hocking and Babbitt,
2014). Amphibians provide provisioning services by serving as a food source to human
societies throughout the world (Parker, 2011). Examples of the famous species of
amphibians used as food sources include variety of Lithobates species consumed by Chorti
people of Hondurasa and the large frog Leptodactylus fallax known as the Mountain

Chicken in the West Indies (Valencia-Aguilar et al., 2013).

Additional contribution to provisioning services of anurans is that they are used as
specimen in medical research and provide potential for new Pharmaceuticals (Hocking and
Babbitt, 2014). In medical research frogs from different families, usually Xenopus laevis
were used in experiments of testing human pregnancy during the 20" century. Amphibians
are also used in traditional medicines to treat a diversity of ailments, from warts to heart

disease throughout the world (Jensen and Camp, 2003). Research show that there is a
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possibility that the antimicrobial peptides secreted from frog skin could inhibit infection

and transfer of (HIV) the human immune deficiency virus (Lorin et al., 2005).

Again, amphibians can contribute to regulating services through predation of invertebrates
which transmit diseases and pests. The frog Lysapsus limellus is a good example of a
predatory frog feeding on flies of the family Ephydridae, which transmit human diseases
in the neotropics (Valencia-Aguilar et al., 2013). Another example is Cane Toads
(Rhinella marina) which were used to combat the Cane Beetle (Dermolepida albohirtum)
and to protect sugar cane crops in Australia (Turvey, 2013). Further, another way in which
amphibians contribute to regulating services is by predation of arthropods example flies,
butterflies, moths (mostly larvae), and beetles which are important pollinators for many

plants including agricultural crops (Abrol, 2012).

Beyond regulating services amphibians also play important roles in the culture of human
societies all the way through mythology, literature, and art (Hocking and Babbitt, 2014).
For example, amphibians are usually used in literature, music, art, jewelry, and in

decorations (Gibbons, 2003).

Lastly, supporting services where amphibians are likely to have the largest contribution to
ecosystem services. Amphibians can affect both ecosystem functions and ecosystem
structure. Mainly amphibians contribute to ecosystem supporting services through direct
and indirect alteration of ecosystem functions (Hocking and Babbitt, 2014). For instance,
Ranvestel et al. (2004) confirmed that tadpoles in tropical streams decreased algal
abundance and biomass, altered algal community structure, and reduced sediment
accumulation. Therefore, near to completely extirpation of tadpoles in tropical streams

resulted to increased algal biomass and sedimentation of fine detritus in streams.
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Additionally, Whiles et al. (2013) also reported on the effect of near to completely
extirpation of tadpoles in the tropic streams whereby the whole stream respiration and

nitrogen uptake rates was found to be reduced.

Furthermore, terrestrial and terrestrial-stage predatory amphibians may support ecosystem
services through their role in regulating invertebrate populations (Hocking and Babbitt,
2014). At high densities terrestrial amphibians can reduce invertebrate abundances and
plant herbivores (Beard et al., 2003). In addition to amphibian roles in terrestrial
ecosystem functions, amphibians are expected to affect various processes through
predatory changes in the food web. For instance, many amphibians are primarily
invertebrate predators feeding on invertebrates such as ants. Ants play important roles in
ecosystem functions including nutrient cycling, plant protection, seed dispersal, and
especially complex roles such as harvesting plants for farming fungi. Therefore, predation
of amphibians on ants can cause changes in various ecosystems functions (Sanford et al.,

2009).

Besides, anurans are highly efficient and crucial indicators of environmental health and
contamination (Garg and Hippargi, 2007). The ability of anurans to be sensitive bio-
indicator is brought by mainly three reasons: first, is their lifestyle which involves both
aquatic and terrestrial life stages; second is because their ectothermic (MacCulloch, 2002),
meanings that their metabolism and other life processes maintenance depend on
environmental conditions; and lastly because of their moist semi-permeable skin, which
plays role in chemical uptake. And this is why amphibians are used by biologists in

arguing the actions that are crucial for biodiversity conservation (Ferenti et al., 2010).
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2.9 Threat to Amphibians

Global declines of amphibians refer to the phenomenon of the population declines and
even extinctions of amphibian species around the world (Whittaker et al., 2013). A report
on assessments of the world’s amphibians (Stuart et al., 2004) established that nearly a
third of the known species of amphibians are globally threatened with extinction. In the
last two decades there have been an alarming number of extinctions, nearly 168 species
are believed to have gone extinct and at least forty three percent of amphibian populations
are declining. Amphibian populations decline are more rapid than those described for
birds, mammals, or reptiles, while evidence indicates that the number of extinct and

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

Furthermore, amphibian populations are more sensitive to environmental disturbances
than other wildlife, for the reason that they possess several characteristics that make them
more sensitive to environmental disturbances than other wildlife. For instance,
amphibians’ semi-permeable skin which is important for both gas exchange and
osmoregulation, makes them especially sensitive to changes in hydric conditions as well as
contaminants and some of the skin diseases (Rowe et al., 2003). Additionally, amphibians
face double threats because of their dependence on both aquatic and terrestrial habitats.
Their life style makes them vulnerable to disturbances that affect the quality or availability
of either habitat. The disturbances may disrupt amphibian life cycle and affect their

populations (Dunson et al., 1992).

In Africa, Tanzania has more endemic species than any other country. Nevertheless,
Tanzania is also one of the four countries in Africa which threatened amphibian species

are concentrated, other are Madagascar, Cameroon, and South Africa. In many African
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countries, the percentage of threatened species can be anticipated to rise as new species

discoveries are made or important habitats are destroyed (Andreone et al., 2008).

There are two major categories of potential causes of amphibians’ declines in the world:
(1) general factors to the overall biodiversity crisis, including habitat destruction,
alteration and fragmentation, introduced species, and overexploitation and (2) factors
associated with amphibians’ decline in relatively undisturbed habitats. The first category is
well understood ecological phenomena, but the second includes less well understood
agents that are having complex basic mechanisms, such as infectious diseases, climate
change, increased UV-B radiation, chemical contaminants, and the causes of deformities

(Whittaker et al., 2013).

Further, habitat degradation and land conversion are known to be the main factors that
cause the loss of amphibians. Most of amphibian species require undisturbed or relatively
undisturbed habitat, even though some amphibians may not only persist but flourish in
urbanised or agricultural areas. In temperate zones loss of wetlands is a major factor for
amphibian loss, while in the tropics deforestation is the most serious threat. Habitat
fragmentation which means the forest remnants persist but are separated by disturbed
habitat is a serious problem for widespread species and in those that have natural
metapopulation structures. For instance, documented evidence shows that the construction
and use of roads have lead to increased harm to fauna habitat, fragmentation of the
territory of fauna species, increased ‘edge effect, restricted movements of individuals in
the territory and growing genetic isolation of populations residing on each side of the road

(Scoccianti, 2001).
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In the same way, logging operations have caused important ecological changes, such as
reducing vertical and horizontal structural complexity; increasing of the rate of soil
erosion; altering the microclimate through a reduction of shadow on the land; increasing
daily fluctuations of temperature; increasing evaporation rate; altering the rate of
decomposition. All of these ecological changes affect the features of the environment and
consequently modifies the features of the forest floor. These ecological changes affect
negatively the communities and modifying their characteristics. A good example is in
amphibian communities, where amphibians were reported to decrease feeding activities as
a result of alteration of the microclimate towards drier conditions. The decrease of feeding
activities is due to the tendency of amphibians spending most of time hiding under shelter
to protect themselves from less favorable time of the year (Scoccianti, 2001). Waldick
(1997) established that logging can have negative effects on distribution, richness and

abundance of amphibians’ species.

Again, habitat degradation such as pollution from agricultural herbicides, insecticides, and
fertilisers impacts amphibians with aquatic life stages, (Hayes et al., 2010). These
chemical pollutants at certain concentrations can actually kill larvae, but even in less
dangerous concentrations they can affect behavior, reproduction, and life history, and can
reduce the food supply of amphibian (Relyea and Diecks, 2008). Amphibians can be in
contact with these substances both in terrestrial and aquatic environments. In wetlands,
contamination can occur directly when flooded fields or the banks of water bodies inside
or bordering farm areas are sprayed. Nevertheless, indirect contamination of water bodies
occurs when chemical substances are washed away from sprayed areas and carried into

neighboring water bodies (Scoccianti, 2001).
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Beyond habitat degradation and land conversion infectious diseases have been presented
to be the greatest threat to amphibian populations. Infectious diseases have been associated
with collapsing amphibian populations almost everywhere that amphibians occur (Fisher
et al., 2009). Most of the reported amphibian mass mortality events have been associated
with the emerging fungal pathogen Batrachochytrium dendrobatidis causing infectious
disease chytridiomycosis and viruses of the family Iridoviridae, but other agents such as
bacteria, water molds, and trematode parasites have also been associated with mortality
and population decline of amphibian. The infectious disease chytridiomycosis is reported
to be the reason behind extinctions and declining of assemblages of amphibian worldwide

(Hoffmann et al., 2010).

Again, the viruses of family Iridoviridae (ranaviruses) are linked with mass mortality in
both frogs and salamanders. Yet again, amphibian declines are also contributed by
pathogens including the bacteria Aeromonas hydrophila which is responsible for local
extirpations of ranid frogs in California and Rhode Island, while pathogenic water molds
(Saprolegnia species) have been found to be responsible for local extinctions in some

North American frogs (Whittaker et al., 2013).

In Africa, however, changes in amphibian assemblages were mainly due to habitat change.
Until now only one amphibian species in the Afrotropics, namely the Kihansi Spray Toad
Nectophrynoides asperginis is reported to decline probable to extinction because of the

fungal disease chytridiomycosis (Krajick, 2006).

Another cause of amphibian population decline is the establishment and spread of exotic
species. Exotic species can affect amphibians as competitors, predators, and as vectors for

parasites and diseases. A good example of an exotic amphibian is the bullfrog (Rana
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catesbeiana) of eastern North America which has been transported around the world by
humans for food consumption. The bullfrogs became exotic simply because they usually
escaped from commercial frog farms in particular South America, and established
themselves in wild areas where native amphibian population had collapsed. Another
invasive amphibian species is Xenopus laevis, the African clawed frog, which is now
extensively established around the world. African clawed frog is prolific, highly invasive,
and resistant to chytridiomycosis. The frog is responsible for the spread of both
chytridiomycosis and rana viruses to native amphibians (Whittaker et al., 2013).
Additionally, exotic species such as introduced fish can increase water turbidity in shallow
water bodies, which can result to decrease of amphibian productivity. Thus, for some
species of amphibians, the introduction of fish can mean a clear decrease in the abundance

and distribution of species (Knapp and Matthews, 2000).

Climate change is another factor affecting amphibian survival. Amphibians are more
sensitive to climate change than other vertebrates (Pounds et al., 2006). Evidence shows
that increased temperature variability from climate change may decrease frog immunity;
making it easier for pathogens to cause death (Rohr and Raffel, 2010). Again another
effect of climate change on amphibian population can result in shifting of amphibian
distributions either latitudinal or altitudinal. In tropical regions, amphibians with narrow
distribution are literally pushed off the mountain into extinction. This is because
amphibians tend to move higher up the mountain to avoid warm or dry environments

(Rovito et al., 2009).

Increase of UV-B is another factor that has been hypothesised to contribute to increased
mortality rates in amphibians. Reported studies show that synergism between UV-B

exposure and stress from the risk of predation on tadpole increases tadpole mortality.
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Although, UV-B is not the major factor of amphibian declines (Blaustein et al., 2010),
elements of climate change are known to make conditions more favorable for amphibian
diseases and parasites. But the causal link between climate change and disease virulence is
unclear and debated (Pounds et al., 2006). On the other hand, another reason that
contributes to amphibian population decline is overharvesting of wild species for the

global pet trade and for human consumption (Gratwicke et al., 2010).

Finally, many of the factors causing amphibian population declining are by themselves
pose severe threats to amphibian survival, but synergistic interactions between factors can
magnify the negative effects on amphibians (Blaustein et al., 2010). For instance, the
effects of infectious diseases may be greater in the presence of unusual weather
conditions, elevated by UV-B, or chemical pollutants, which may compromise amphibian

immune systems (Hayes et al., 2010).
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CHAPTER THREE

3.0 MATERIALS AND METHODS

3.1 Materials

3.1.1 Study area

Kimboza Forest Reserve is located approximately 50 km south east of Morogoro district in
Morogoro region, Tanzania (Bayliss, 1994). The forest lies between 06°59” - 7°02° S and
37°47°- 37° 49’E. It covers an area of about 385ha with a boundary length of 15.6 Km and
was declared a forest reserve by the government of Tanzania in 1964 (Werema, 2016).
Kimboza Forest Reserve is surrounded by four villages including Uponda to the West,
Mwarazi to the East, Kibangile to the South, and Changa to the North (MNRT, 2004).
This lowland forest is isolated and not connected to the higher elevation Uluguru Forest
Nature Reserve (Werema, 2016). In the recent past there was once a continuum between
Uluguru and Kimboza forest reserve, however currently the area is surrounded by
fragmented forest blocks. As a result of this relationship, Kimboza Forest Reserve shares

some of its species with the Uluguru forest nature reserve (Bayliss, 1994).

Kimboza Forest Reserve is a priority conservation area (IUCN category IV-habitat or
species management area) as it is the home to many important endemic floras, and several
fauna. Among fauna species found in this forest is the highly threatened species a blue
dwarf gecko (Lygodactylus williamsi). Furthermore, human activities including rampant
deforestation activities have intensified the threat to the existence of some of the once
abundant and flourishing flora species, for example Khaya anthotheca, Milicia excelsa,

Pterocarpus angolensis and Cynometra uluguruensis (Temu and Andrew, 2008).
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Figure 1: The map of Kimboza Forest Reserve showing the forest location in
Tanzania and the surrounding villages.

Source: SUA GIS Centre (2016)

3.1.1.1 Climate

The climate of Kimboza Forest Reserve is influenced by tropical eastern African oceanic
temperatures that are slightly modified by altitude lying with Morogoro regions, the area
has bimodal rainfall pattern averaging 1600 mm per year. Most of the rains fall in during
April and May. This period is accompanied by decrease in temperature leading to a
relative cooler season between April and September. October and March is usually the dry
season with little rain in which temperatures are relative higher therefore referred as hot

season (Werema, 2015).
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3.1.1.2 Vegetation

The vegetation of the forest is typically of lowland rain forest, which is classified as
coastal or eastern arc transition forest (Rodgers et al., 1983). Kacholi (2013) reported that
Kimboza Forest Reserve had 52 species of plants. Out of those species 13 are recorded as
endemic plant species making it the richest lowland forest in East Africa. Examples of the
endemic plants include Baphia pauloi, Cynometra uluguruensis, Pavetta crebrifolia var.

kimbozensis, Streptocarpus kimbozana, and Cololejeunea jonesii (Rodgers et al., 1983).

In the forest canopy huge nest of epiphytes, such as Platycerium elephantotis and Davallia
chaerophylloides, are common. Many smaller trees for instance Cola stelenacantha,
Cussonia zimmermannii, Dialium holtzii, Drypetes parviflora, Uvariodendron gorgonis
and Zenkerella egregia form the second or third storey of the forest. Moreover, close to
the springs and streamlets Pandanus englerii forms large stands. The layer of herbs also
occurs in the forest dominated by Nephrolepis biserrata and rare aroids occur such as
Amorphophallus stuhlmannii, Anchomanes difformis, Callopsis volkensii and Gonatopus
boivinii. On shady limestone or marble rocks Zamioculcas zamiifolia and the endemic
Impatienscin nabarin occur. Lastly, along the road there is an invasive species known as
Cedrela species and teak plantation forests are cultivated. The invasive species from the
nearby plantations is now replacing the indigenous trees, and thus potential threat to

biodiversity of the area (Rodgers et al., 1983).

3.1.1.3 Fauna

Studies which were done on Kimboza Forest Reserve (e.g. Bayliss, 1994; Doggart et al.,
2004) show that the forest has over 100 vertebrate species. This includes 82 birds, 6
amphibian species, 21 mammals and 20 reptiles species. Some of these vertebrate species

are endemic or near endemic. The forest has one recognized endemic species known as the
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blue dwarf gecko (Lygodactylus williamsi). This endemic lizard is found only on the
Pandanus tree species in the forest. Further, the known near endemic species of Kimboza
forest include two mammals (Otolemur garnettii and Galagoides zanzibaricus), two
reptiles (Agama montana and Rhampholedoi brevicaudatus) and two amphibians
(Nectophrynoides tornieri and Leptopelis parkeri) (Doggart et al., 2004; EAMCEF, 2008).
However, the species list is incompletely described as many animals have been seen to

enter and leave the forest on regular or seasonal patterns.

3.2 Methods

3.2.1 Sampling Designs

The forest was divided into two parts (upper and lower segment) separated from each
other by a dirt road passing between the two parts. Then each part was stratified into four
habitats: (i) a forest interior, (ii) areas were the forest border with farms, (iii) along forest
and road border, and (iv) along Kimboza forest streams. One sampling station was
purposively chosen and established in each selected study habitat making a total of eight
sampling stations in both segments of the forest. One sampling station contained one
transect of 300x4m. Within each transect, six rectangular plots of 50 x 4 m were
established making a total of 48 plots in both segments of the forest for the entire study.
Each sampling station was surveyed twice: in March (the period of the beginning of

rainfall) and April (the period of heavy rainfall).

3.2.2 Data collection methods

3.2.2.1 Primary data

The data collection method used to study the distribution of amphibian (anuran) species
followed the standard approaches proposed by Lips et al. (2001). In this case, visual

encounter survey was used to study the distribution of amphibians as well as collection of
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specimens for assessing food taken by the anurans. Further, data for feeding ecology
assessment was obtained through analysis of gut contents of anurans in relation to the

habitats to which they were collected (L6pez et al., 2003).

In order to achieve the purposes of the specific objectives, data was collected through
undertaking active searches in delineated habitats as stated above in section 3.2.1. First,
two transects (one in upper and another in lower fragment of the forest) were placed as
near as possible to Kimboza streams. This was done in order to encounter majority of
amphibians which usually aggregate near water sources (Naniwadekar and Vasudevan,
2007). Second, two transects were placed in areas along forest and farms borders, one
transect per each segment of the forest (upper and lower). Third, two transects were placed
in areas along forest and road borders, again one transect per each segment of the forest.
Transects in forest boundaries (areas along forest and farms borders and forest border with
road) were placed between 0 m to 50 m from the forest boundary to the interior of the
forest. The edge effect on amphibians is known to extend 100 m from the forest

boundaries to the forest interiors (Maynard, 2016).

Lastly, Two transect were placed in forest interiors of the upper and lower segment, one
transect per each part of the forest. Transects in forest interiors placed were between 100
m to 400m from the forest boundaries transects to the forest interior to avoid edge effect.
Therefore, in each habitat searches for anurans in leaf litter, under logs, tree holes and
stones were performed. Similarly, tree canopies and bushes near water sources were also
searched for arboreal amphibians (Khatiwada, 2011). A total of eight 300x4m transects
which each had six rectangular plots of 50 x 4 m were searched from 0600 to 1800 hours
for diurnal anurans. The rectangular plots of 50 x 4 m were searched for anurans in 30

minutes by four persons.
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3.2.2.2 Secondary data

In order to compliment collected primary data, more information to strengthen and solidify
the gist of this study were obtained through reading literatures which included latest
available ecological books on the Eastern Arc mountains, journals’ papers, various
consultancy reports, relevant unpublished materials, and previous researches. The full list

is available in the reference section.

3.2.2.3 Species identification and voucher specimen preservation

Handing of live amphibians can result into several hazardous impacts. The impacts are
either to the handler or the animal itself. For the handler, the main danger comes from
toxic skin secretions produced by some amphibians. To amphibians, the main dangers of
being handled are skin damage that could result in secondary skin infections, and bone and
muscle injuries caused by struggling when being held. Tadpoles and larvae have thin
delicate skin that is very easily damaged by the slightest handling. The skin of larvae lacks
keratin and has fewer cell layers than adult amphibian skin. The fact that we know less of

the ecology of these animals maximum care was taken during the handling processes.

To this case, every reasonable effort was made to avoid unnecessarily disturbing of these
species or their habitat in which some are highly endemic and high in the IUCN red-list.
All animals from their habitats were captured by gloved hands and representative voucher
specimens preserved in 10% formalin. Others which were sighted but not captured, and
were identified on spot to the species level using the keys and field guidebooks (Channing

and Howell, 2006; Spawls et al., 2006; Harper et al., 2010).

All detailed information embedded and associated to their habitats such as altitude,

vegetation type and cover, status of the microhabitat, and activity patterns of each sighted
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or captured anurans were recorded. A 14.1 megapixel digital camera was used for
photographing and documenting the forest vegetation, microhabitats and some of the
activities of the species sighted and captured in the field. Further, all individuals that could
not be identified were taken to Zoology and Wildlife Conservation laboratory at the
University of Dar es Salaam for identification with assistance from herpetology expert
(Dr. Ngalason) and the specimen were later deposited at the Sokoine University of
Agriculture Zoology laboratory for preservation. Photographs of sighted individuals were

also taken to the University of Dar es Salaam for identification by herpetology expert.

3.2.2.4 Data handling in the laboratory

Preserved specimens were taken to Sokoine University of Agriculture Zoology laboratory
for further processing. In the laboratory the whole digestive tract of each specimen,
starting from the esophageal area to the rectum was removed, sectioned and examined.
Where, each section of the digestive tract was carefully cut open and stored food and fecal
material were emptied into containers for a closer under dissecting microscopy. Items
found in the digestive tract of each specimen were identified possibly down to the order

level through the help of field guide books.

3.2.3 Data analysis
Various statistics were used in the analysis of data collected during this study. Secondary
data collected from previous studies were used to confirm the distribution and feeding

pattern of anurans in Kimboza Forest Reserve.

3.2.3.1 Distribution of anurans across different habitats within and along boundaries
of Kimboza Forest Reserve
Data on presence and distribution of species was analysed using Cochran’s Q test (Zar,

1996) SPSS version 20. Further, the comparison of anurans’ distribution between the
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upper and lower segment of the forest was analysed using McNemar Test SPSS version
20. The same test was used for analysis of the comparison of anurans’ distribution

between March and April.

3.2.3.2 Dietary composition of anuran species

The dietary composition was analysed using three parameters: The abundance of different
food groups, the frequency of occurrence of different food groups and the rate of feeding
activity.

i.  The abundance of various food groups was estimated from the guts contents
(percentage of the total number of individual prey/total number of all prey).

ii.  The frequency of occurrence was determined by dividing the number of
digestive guts that contained a particular prey by the total number of guts with
prey. A food group was then classified as constant when registered in > 50% of
the guts of a particular species, secondary when present in 25 - 50% of guts or
accidental when observed in < 25% of the guts (Dajoz, 1983).

iii.  The rate of feeding activity was estimated as the percentage of guts containing
food with respect to the total number of guts examined (Sala and Ballesteros,

1997).

Rate of feeding activity = % ................................................................. (1)

Where n is the number of guts with food, N is the total number of guts examined.

The comparison of abundance of food groups among anuran species was analysed using
Kruskal-Wallis test SPSS version 20, while Mann-Whitney U test SPSS version 20, was
used in analysis of the comparison of abundance of food groups consumed by anurans

found in the upper segment and in the lower segment of the forest.
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The same program of SPSS version 20 was used to perform statistical analysis for the
frequency of occurrence of food groups whereby Kruskal-Wallis test was used to compare
frequency of occurrence of food groups among anuran species but also between anurans
found in the upper and lower fragment of the forest. The variation of the frequency of
occurrence of food groups between March and April was also tested by Kruskal-Wallis

test.

3.2.3.3 Dietary diversity of anuran species
The diet diversity was analysed in two parts: First, diet diversity per each species and
second, diet diversity of anurans in each studied habitat. The diet diversity was estimated

with Shannon-wiener diversity index (H) (Margurran, 1988).

Where n is the number of prey category i and N is the total number of prey.

Microsoft office excel 2007 was used to calculate the diet diversity of each anuran species
and to calculate the diet diversity of each habitat. Besides, the program of SPSS version 20
was used to perform statistical analysis for dietary diversity whereby Kruskal-Wallis test
was used to compare the dietary diversity of anurans in different habitats within and along
forest boundaries. Mann-Whitney U test was used to compare the dietary diversity of
anurans between the upper and the lower segment. Also the dietary diversity of anurans

between March and April was compared using the Wilcoxon Signed Rank Test.
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3.2.3.4 The influence of the habitat on the feeding preferences of anuran species

The degree of food preference was inferred using the index of Degree of Food Preference
(DFP) developed by Braga (1999). Food groups were ranked by categories from 1 to 4, in
the following way: the maximum value (4) was assigned when only one food group was
found in a gut. When guts contained more than one group, the value “3” was given to the
most abundant, while “2” was given to the second most common, and “1” was attributed
to less abundant groups.

DFP was calculated as:

DFP =S (1) /N .ot (3)
Where S (i) is the sum of values given to a food group i in the guts, and N, the total
number of guts of each species analysed. Food groups were then categorised as highly
preferential (3 < DFP < 4), preferential (2 < DFP < 3), secondary (1 < DFP< 2) or

occasional (0 < DFP < 1).

Kruskal-Wallis test and Mann-Whitney U test were used to compare the Degree of Food
Preferences among anurans within the same habitat. Mann-Whitney U test was also used
to compare the Degree of Food Preferences among anurans between the upper and the
lower segment. Kruskal-Wallis test was also used in comparison of the Degree of Food
Preferences among anurans between March and April. All the tests were in the SPSS

version 20 program.
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CHAPTER FOUR

4.0 RESULTS

4.1 The Distribution of Anurans in Different Habitats within and Along Boundaries
of Kimboza Forest Reserve

Thirteen species of amphibian (Plate 1), which belong to 7 families of order anuran, were

recorded in Kimboza Forest Reserve (Table 1).

Table 1: Anuran species of Kimboza Forest Reserve

Family Species

Arthroleptidae Arthroleptis affinis
Arthroleptis xenodactyloides
Leptopelis flavomaculatus
Leptopelis uluguruensis

Bufonidae Nectophrynoides tornieri

Hyperoliidae Afrixalus stuhlmanni
Afrixalus uluguruensis
Hyperolius mitchelli

Phrynobatrachidae Phrynobatrachus acridoides
Phrynobatrachus natalensis

Pipidae Xenopus borealis
Ptychadenidae Ptychadena anchietae

Rhacophoridae Chiromantis xerampelina
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g) Hyperolius mitchelli

h) Nectophrynoides tornieri

Plate 1: Anuran species of Kimboza Forest Reserve
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Continuation of Plate 1

1) Phrynobatrachus natalensis

C

k) Afrixalus uluguruensis 1) Leptopelis uluguruensi

m) Phrynobatrachus acridoides

Among all habitats in Kimboza Forest Reserve areas along Kimboza streams and areas
where the forest border with farms in the upper segment of the forest had the highest
number of occurrences of anurans. Each habitat had 70% of occurrences of anurans

meaning each had 7 out of 10 species occurrences.
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Table 2: The distribution of anuran species among different habitats of Kimboza

Forest Reserve

%
Species name occurrence of
species in
HABITATS different
habitats
UFIT UFF UFS UFR LFI LFF LFRS
Leptopelis uluguruensis X X 29
Leptopelis flavomaculatus  x X X X X 71
Arthroleptis X X X X X X 86
xenodactyloides
Arthroleptis affinis X X X 43
Nectophrynoides tornieri X X X 43
Afrixalus stuhlmanni X 14
Afrixalus uluguruensis X X 29
Hyperolius mitchelli X 14
Phrynobatrachus X 14
acridoides
Phrynobatrachus X X 29
natalensis
Xenopus borealis X X X 43
Ptychadena anchietae X 14
Chiromantis xerampelina X X 29
% occurrence of all
species in each habitat 60 70 70 40 30 40 10
UFI= interior of the forest in the upper segment, UFF= along the forest and farm
border in the upper segment of the forest, UFS=  along the Kimboza streams in the
upper segment of the forest, UFR= along the forest and road border in the upper
segment of the forest, LFI = interior of the forest in lower segment of the forest,
LFF = along the forest and farm border in the lower segment of the forest,

LFRS = along the forest border with road and along Kimboza stream in lower segment of

the forest.

Following was forest interiors of the upper segment of the forest which had 6 out of 10
species occurrences (60%). However, areas along the forest and tarmac road border and
along Kimboza streams of the lower segment of Kimboza forest had the lowest occurrence
of anurans. Each had 10% occurrences of species meaning 1 out of 10 species occurrence
(Table 2). The general trend throughout this study was that in the whole forest the

variation of total number of occurrences of anurans in different habitats was not significant
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(Cochran’s Q test, Q=11; DF =6; P=0.096). Nonetheless, the variation of total number of
occurrences of anurans between the upper and lower segment of the forest was significant

(McNemar Test, P<0.05).

Arthroleptis xenodactyloides was the species with the highest occurrence (occurred in 6
out of 8 habitats) (Table 2). A. xenodactyloides occurred in all habitats except in the lower
segment of the forest areas along Kimboza streams and where the forest border with the
tarmac road. This was followed by Leptopelis flavomaculatus (5 out of 8 habitats) which
occurred in all habitats with the exception of the forest interiors, the areas where forest
border with the road and areas along Kimboza streams all in the lower segment of the

forest (Table 2).

Ptychadena anchietae, Phrynobatrachus acridoides, Hyperolius mitchelli, Afrixalus
stuhlmanni were among the species with the lowest occurrence, and this was because each
one of them occurred only in one habitat (Table 2). There was no significant variation of
the distribution of the species among habitats in the whole forest (Cochran’s Q test, Q
=19; DF =12; P = 0.089). Nevertheless, the variation of the distribution of the species

between upper and lower segment was significant (McNemar Test, P<0.05).

Seven out eight habitats in Kimboza Forest Reserve had species occurrence in both March
and April (Fig. 2). However, areas along the forest and road border in the lower segment
of the forest had species occurrence in April only. Areas in the forest interior, along the
forest and road border in the upper segment and interior of lower segment of the forest had
more species occurrence in March (Fig. 2). Further, areas along Kimboza streams in the
upper segment and along forest and farms border in the lower fragment of the forest had

more species occurrence in April, while the area along forest and farms border in the
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upper segment of the forest had equal number of occurrence of species in both months

(Fig. 2).

There were no significant variation of the total number of occurrences of anurans in
different habitats within the same month March (Cochran’s Q test, Q=10; DF =6; P>0.05)
and April (Cochran’s Q test, Q=7; DF =6; P>0.05). Also, the variation of total number of
occurrences of anurans in the forest between April and March (McNemar Test, P>0.05)

was not significant.

120 -
100 -
80 -

60 - .
April

40 A ® March
20 -

% occurrence of anuran species

UFI UFF UFS UFR LFI LFF  LFRS
habitats

Figure 2: The total occurrences of anuran species in different habitats during March

and April

The most frequently encountered species in March was Leptopelis flavomaculatus, while
in April were Arthroleptis xenodactyloides, Arthroleptis affinis and Xenopus borealis (Fig.
3). Some of the species occurred only in one of the month. For instance, Leptopelis
uluguruensis and Nectophrynoides tornieri were recorded in March only, whereas
Hyperolius mitchelli, Phrynobatrachus acridoides, Phrynobatrachus natalensis and

Xenopus borealis were recorded in April only (Fig. 3). In general, Leptopelis
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flavomaculatus and Arthroleptis xenodactyloides were the most frequently encountered

species in both months (Fig. 3).
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Figure 3: Occurrence of anuran species during March and April in Kimboza Forest

Reserve

There was significant variation of the distribution of the species among habitats in the
whole forest during March (Q =26; DF =12; P <0.05), but the variation was not significant
during April (Q =11; DF =12; P>0.05). The variation of species distribution among
habitats in the whole forest between March and April was not significant (McNemar Test,
P>0.05). The variation of the distribution of the species between upper and lower segment
was significant in both months March (McNemar Test, P<0.05) and April (McNemar Test,

P<0.05).
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4.2 Dietary Composition of Anuran Species in Kimboza Forest Reserve
4.2.1 The rate of feeding activities

A total of 93 adult anurans belonging to 12 anuran species were examined. Out of 93 adult
anurans approximately 65% had full gut contents, while 35% guts were empty.
Arthroleptis xenodactyloides contributed largely to the number of individuals with full gut
contents (40% of all individuals with gut content), followed by Leptopelis flavomaculatus
18% of all individuals with full gut contents (Table 3). Further, Afrixalus stuhlmanni was
the species that contributed largely to the number of empty guts (by 36% of all individuals
with empty guts) (Table 3). However, species like Chiromantis xerampelina,
Phrynobatrachus acridoides, Ptychadena anchietae, Xenopus borealis and
Nectophrynoides tornieri had no any individuals with empty gut, while Afrixalus

uluguruensis no individuals had gut contents (Table 3).

Most of the species with empty guts were from the upper segment of the forest in the areas
along the forest and farms border (contributed 76% of all individuals with empty guts)
followed by the areas along forest and road border (contributed 12% of all individuals
with empty guts). The areas along Kimboza streams in the upper segment of the forest had
the least number of empty guts (1 individual: contributed 3% of all empty guts). In the
lower segment of the forest both areas along the farm and forest border and in the interior

of the forest had no individuals with empty guts (Table 4).
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Table 3: The rate of feeding activities of anuran species in Kimboza Forest Reserve

Species name N Individuals Individuals Individuals Individuals
with gut with Guts with empty  with empty
contents content (%) guts(N) guts (%)

(N)

Arthroleptis affinis 4 3 5 1 3

Arthroleptis xenodactyloides 27 24 40 3 9

Leptopelis flavomaculatus 14 11 18 3 9

Leptopelis uluguruensis 3 2 3 1 3

Nectophrynoides tornieri 3 3 5 0 0

Afrixalus stuhlmanni 13 1 2 12 36

Afrixalus uluguruensis 6 0 0 6 18

Phrynobatrachus acridoides 2 2 3 0 0

Phrynobatrachus natalensis 12 5 8 7 21

Xenopus borealis 2 2 3 0 0

Ptychadena anchietae 3 5 0 0

Chiromantis xerampelina 4 4 7 0 0

Total number of 93 60 33

individuals

Percent of individuals 65 35

Table 4: The rate of feeding activities of anuran species in different habitats in

Kimboza Forest Reserve

Habitats N Individuals  Individuals Individuals Individuals with
with gut with Guts with empty  empty guts (%)
contents (N)  content (%) guts (N)
UFI 12 9 15 3 9
UFF 41 16 27 25 76
UFR 8 4 7 4 12
UFS 19 18 30 1 3
LFI 5 5 8 0 0
LFF 8 8 13 0 0
Total individuals (N) 93 60 33

UFI=interior of the forest in the upper segment, UFF= along the forest and farm border in
the upper segment of the forest, UFS=along the Kimboza streams in the upper segment of
the forest, UFR=along the forest and road border in the upper segment of the forest, LFI =
interior of the forest in lower segment of the forest, LFF= along the forest and farm border
in the lower segment of the forest.



42

4.2.2 Abundance of the prey items eaten by anuran species in Kimboza Forest
Reserve

About 462 prey items belonging to 10 categories of food groups were collected from

digestive guts of 60 adult anurans. The categories of the food groups included Isoptera,

Orthoptera, Coleoptera, Gastropoda, larvae, Hymenoptera, Araneae, Decapoda, Diptera

and unidentified (Plate 2).

i
*

x>

Plate 2: Food groups consumed by anurans in Kimboza Forest Reserve

The food groups in unidentified category consisted of fragments from invertebrate. The
most abundant food group was Isoptera (53.25%) followed by Hymenoptera (37.88%), but

Decapoda (0.22%) was the least abundant group with only one prey item (Table 5).
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Table 5: Overall food groups eaten by anurans found in Kimboza Forest Reserve

Food group N A%
Isoptera 246 53.25
Orthoptera 8 1.73
Coleoptera 14 3.03
Gastropoda 6 1.08
larvae 5 1.08
Hymenoptera 175 37.88
Araneae 3 0.65
Decapoda 1 0.22
Diptera 2 0.43
unidentified 2 0.43
Total 462

N=number of prey items A%-=percentage abundance of prey items

Seventy nine percent of all prey items collected were from digestive guts of anurans found
in the upper segment of the forest and 21% from anurans found in lower segment of the
forest (Table 6). Anurans found in the upper segment of the forest had isopterans as the
most abundant food group (62%) of all prey items found in the upper segment.
Conversely, in the lower segment of the forest hymenopterans were the most abundant
food group making (78%) of all prey items found in this part of the forest (Table 6). The
variation of the percentages of prey items in upper and lower segment was significant

(Mann Whitney U test, U=18, P<0.05).



Table 6: Overall food groups eaten by anurans found in upper and lower segments of

Kimboza Forest Reserve

Abundance of prey

Food groups Upper segment Lower segment

N A% N A%
Orthoptera 7 1.92 1 1.03
Isoptera 227 62.19 19 19.59
Coleoptera 14 3.84 0 0
Gastropoda 6 1.64 0 0
Hymenoptera 99 27.12 76 78.35
Araneae 3 0.82 0 0
larvae 5 1.37 0 0
unidentified 1 0.27 1 1.03
Decapoda 1 0.27 0 0
Diptera 2 0.55 0 0
Total number of prey items 365 97
% of prey items each segments 79 21

Diet analysis involved only 10 out of 12 anurans species which were examined (Fig. 4).

Anurans from two species Afrixalus stuhlmanni and Afrixalus uluguruensis were not

included in the analysis since almost all of them had empty guts (Table 3). Arthroleptis

xenodactyloides was the species with the highest number of food groups (5 out of 10)

while Leptopelis uluguruensi had the least number of food groups (1 out of 10) (Fig. 4).
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Figure 4: Food groups eaten by each anuran species of Kimboza Forest Reserve
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The anuran species with highest number of prey items was Arthroleptis xenodactyloides

(63% of all prey items) while Leptopelis uluguruensi (0.4% of all prey items) was the

species with lowest number of prey items (Table 7). The variation of the percentages of

prey items for each anuran species in different habitats was not significant (Kruskal-Wallis

Test, H=7, P > 0.05).

Table 7: Number of prey items per each anuran species in Kimboza Forest Reserve

Species Name

Number of Prey Items

Percent of prey items

Leptopelis uluguruensis
Leptopelis flavomaculatus
Arthroptis xenodactyloides
Nectophrynoides tornieri
Arthroleptis affinis
Chiromantis xerampelina
Ptychadena anchietae
Xenopus borealis
Phrynobatrachus natalensis
Phrynobratrachus acridoides

Total number of prey items

2
20
293
52
56
6

8

3
12
10
462

0.4
4.3
63.4
11.3
121
1.3
1.7
0.6
2.6
2.2

4.2.3 The frequency of occurrence of food groups eaten by anuran species in

Kimboza Forest Reserve

The frequency of occurrence of different food groups varied among different anurans

species. Generally, the variation of frequency of occurrence of food groups between

anurans in lower and upper segment was significant (Kruskal-Wallis Test, H = 22.9,

P <0.05).
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The most frequently occurring food groups were Coleoptera found in digestive guts of 6
out of 10 anurans species (Fig. 5). Coleopterans were a secondary food group in the
digestive guts of Leptopelis flavomaculatus (27%), Nectophrynoides tornieri (33%),
Chiromantis xerampelina (50%), Ptychadena anchietae (33%) and Phrynobatrachus

acridoides (50%) but was accidental for Arthroleptis xenodactyloides (4%) (Appendix 1).

Decapoda, 10%
Diptera, 10%

unidentified, 20%

Gastropoda, 20%

Figure 5: Overall Frequency of occurrence of food groups among different anuran

species of Kimboza Forest Reserve

The second frequently occurring food groups were Orthoptera, Hymenoptera and Isoptera
which were found in the digestive guts of 5 out of 10 anurans species (Fig. 5). Orthoptera
was a constant food groups in Leptopelis uluguruensis (67%) and secondary food group in
Chiromantis xerampelina (25%), Xenopus borealis (33%) and Phrynobatrachus
natalensis (33%), however it was accidental in Leptopelis flavomaculatus (9%).
Hymenoptera was a constant food group in Phrynobatrachus acridoides (100%) and
Nectophrynoides tornieri (100%), but also as a secondary food in guts of Arthroleptis

xenodactyloides (47%), Ptychadena anchietae (33%) and Phrynobatrachus natalensis
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(33%). Further, Isoptera was a constant food group for Arthroleptis xenodactyloides (79%)
and Arthroleptis affinis (100%), though a secondary food group in Leptopelis
flavomaculatus (27%), Xenopus borealis (33%) and Phrynobatrachus natalensis (33%)

(Appendix 1).

The least occurring food group was Decapoda and Diptera (Fig 5). Decapoda was a
secondary food group in Xenopus borealis (33%), and Diptera a constant food group in
Phrynobatrachus acridoides (100%) (Appendix 1). However, the variation of frequency of
occurrence of food groups among anuran species was not significant (Kruskal-Wallis Test,

H =5, P >0.05).

4.2.4 The frequency of occurrence of food groups eaten by anuran species in
Kimboza Forest Reserve during March and April

The frequency of occurrence of food groups varied among different anurans species.

During March most frequently occurring food group was Coleoptera found in guts of 5 out

of 10 anurans species, though in April the most frequently occurring food group was

Isoptera 5 out of 10 anuran species (Fig. 5). The variation of frequency of occurrence of

food groups among anuran species between March and April was not significant (Kruskal-

Wallis Test, H=4.5, P > 0.05).
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Figure 6: The frequency of occurrence of food groups eaten by anuran species in

Kimboza Forest Reserve during March and April

4.3 Dietary Diversity of Anuran Species in Kimboza Forest Reserve
4.3.1 Diversity of prey items eaten by anurans in different habitats in Kimboza
Forest Reserve

In Kimboza Forest Reserve the diversity of prey items eaten by anurans from areas along
forest and tarmac road border (Shannon-Wiener Function, H = 1.395), was the highest
diversity index among all habitats in the forest. The lowest prey diversity index (Shannon-
Wiener Function, H = 0.7875) was from anurans in areas along forest and farms border
(Table 8). However, the diversity of prey items eaten by anurans found in different
habitats in the whole forest including areas where forest border with farms, along
Kimboza streams, along forest and tarmac road border and in forest interiors had no

significant difference (Kruskal-Wallis test, H = 6, P > 0.05).
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Table 8: Shannon-Wiener Function, H of prey items eaten by anurans in different

habitats of Kimboza Forest Reserve

Diversity of prey items

Food groups FR Fl FS FF
Orthoptera 1 3 - 4
Isoptera 2 14 93 137
Coleoptera 5 3 2 4
Gastropoda 2 3 1 -
Hymenoptera 7 78 57 33
Araneae - - 3 -
larvae - 1 1 3
unidentified - 1 1 0
Decapoda - - - 1
Diptera - - 2 -
Total number of prey items 17 103 160 182
Shannon-Wiener (H) 1.395 0.8808 0.9623 0.7875

FR = forest border road, FI = forest interiors, FS = along forest streams, FF = forest border
farms

Further, the diversity of prey items eaten by anurans in Kimboza Forest Reserve varies
significantly between the upper and lower segment of the forest (Mann Whitney U test,
U = 22, P < 0.05). The highest diversity of prey items (Shannon-Wiener Function,
H = 1.395) was recorded in area along forest and tarmac road border in the upper segment
of the forest, while the lowest diversity of prey items was recorded in forest interiors of the

lower segment of the forest (Shannon-Wiener Function, H = 0.4825) (Table 9).

Table 9: Shannon-Wiener Function, H of prey items eaten by anurans in different

habitats of Kimboza Forest Reserve during March and April

Diversity of prey items

Habitat Both rounds March April
Upper fragment 1.077 0.8755 1.345
Lower fragment 0.6048 0.4825 0.6365
Upper fragment and tarmac road border 1.395 1.119 0.673
Lower fragment and tarmac road border - - -
Upper fragment interior 1.167 1.167 -
Lower fragment interior 0.4825 0.4825 -
Upper fragment along Kimboza streams 0.9623 0.7163 1.06
Lower fragment along Kimboza streams - - -
Upper fragment and farms border 0.5536 0.2494 1.517

Lower fragment and farms border 0.6365 - 0.6365
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Furthermore, the variation of diversity of prey items eaten by anurans in March and April
was not statistical significant (Wilcoxon Signed Rank Test, Z = -0.42, P>0.05). Also, the
overall diversity of prey items eaten in both months was not significant different to the
diversity of prey items eaten in April (Wilcoxon Signed Rank Test Z, = -0.34, P>0.05).
Though the overall diversity of prey items in both months were significant different to the
diversity of prey items in March (Wilcoxon Signed Rank Test Z, = -2.20, P<0.05). The
highest diversity of prey items was recorded in April (Shannon-Wiener Function, H=
1.517) and the lowest diversity (Shannon-Wiener Function, H= 0.2494) was in March

(Table 9).

4.3.2 The diversity of prey items eaten by each anuran species
Among species Ptychadena anchietae had the highest diversity of prey items (Shannon-
Wiener Function, H=1.4942), while Leptopelis uluguruensis (Shannon-Wiener Function,

H = 0), had the lowest diversity of prey items (Table 10).

Table 10: Shannon-Wiener Function (H) of different anuran species in Kimboza

Forest Reserve

Number of prey items per anuran species

Food groups Lu Lf Ax Nt Aa Cx Pa Xb Pn Pac
Orthoptera 2 2 0 0 0 1 0 1 2 0
Isoptera 0 8 177 0 55 0 0 1 5 0
Coleoptera 0 5 1 0 4 1 0 0 1
Gastropoda 0 5 0 0 0 0 1 0 0 0
Hymenoptera 0 0 113 50 0 0 3 0 2 7
Araneae 0 0 1 0 0 0 2 0 0 0
larvae 0 0 1 0 1 0 0 0 3 0
Unidentified 0 0 0 0 0 1 1 0 0 0
Decapoda 0 0 0 0 0 0 0 1 0 0
Diptera 0 0 0 0 0 0 0 0 0 2
Total number of prey items 2 20 293 52 56 6 8 3 12 10
Shannon-Wiener (H) 0 129 073 016 0.09 087 149 110 131 0.80
L.u=  Leptopelis uluguruensis, L.f = Leptopelis flavomaculatus, C.x = Chiromantis
xerampelina, P.a = Ptychadena anchietae, A.x =  Arthroleptis xenodactyloides, N.t =
Nectophrynoides tornieri, A.a = Arthroleptis affinis X.b = Xenopus

borealis, P.n = Phrynobatrachus natalensis, P.ac = Phrynobatrachus acridoides
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4.4 Influence of Habitat on the Feeding Preferences of Anuran Species in Kimboza
Forest Reserve

4.4.1 Degree of Food Preference by anurans in different habitats in Kimboza Forest
Reserve

The Degree of Food Preference of anurans found in upper and lower segment forest varied

significantly (Mann Whitney U test, U = 23, P < 0.05). For instance, majority of the food

groups eaten by anurans found in the upper segment of the forest were considered

secondary and occasional (Appendix 2). On the other hand, in the lower segment of forest

most of the food groups were considered preferential (Appendix 3).

The upper segment had highly preferential as the highest level of DFP given to food
groups eaten by anurans. The food group in highly preferential category was
Hymenoptera. Hymenoptera was highly preferential for both Nectophrynoides tornieri
(3.50) and Phrynobatrachus acridoides (3.00). Preferential food groups were Isoptera
Orthoptera and Diptera. Occasional food groups were all food groups except Diptera,
Gastropoda and Decapoda while secondary food groups were Isoptera, Orthoptera,
Gastropoda, Decapoda, Coleoptera and Hymenoptera (Appendix 2). However, the
variation of values of Degree of Food Preference (DFP) among anuran species found in
the upper fragment of the forest was not significant (Kruskal-Wallis Test, H= 6.2, P >

0.05).

Food groups from anurans found in the lower segment of the forest had preferential as the
highest level of DFP. Preferential food groups were Isoptera and Orthoptera. Isoptera and
Orthoptera were preferential for Arthroleptis xenodactyloides (2.89) and Chiromantis
xerampelina (2.00) respectively. Another level of DFP given to the food groups eaten by

anurans in lower fragment was secondary. Hymenopterans in Arthroleptis xenodactyloides
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(1.22) was secondary preferred (Appendix 3). The variation of the values of DFP among
anuran species found in the lower fragment of forest was not significant (Kruskal-Wallis

Test, H=16.5, P = 0.057).

Furthermore, anurans found in areas along Kimboza forest streams of upper and lower
fragment of the forest had majority of their food groups in secondary and occasional
categories. Highly preferential was the highest level of DFP given to food groups found in
anurans of this part of the forest. The food groups in highly preferential category were
Isoptera and Hymenoptera. Preferential food groups were Isoptera and Diptera (Appendix
4). However, the variation of DFP values of the food groups was not significant in this

habitat (Kruskal-Wallis Test, H=1.2, P > 0.05).

Along forest and farms border most of the food groups were occasional. Highly
preferential was the highest level of DFP given to food group found in anurans of this part
of the forest. Coleoptera was the food group considered highly preferential. Isoptera and
Decapoda were considered preferential, while Coleoptera, Hymenoptera, Isoptera,
Orthoptera and larvae were occasional. Isoptera was also a secondary preferred food group
(Appendix 5). The variation of DFP values of the food groups was not significant in this

habitat (Kruskal-Wallis Test, H=1.5, P > 0.05).

Along forest and tarmac road border the highest level of DFP was preferential. The food
group in preferential category was Orthoptera in Leptopelis uluguruensis (2.00). The
Secondary preferred food groups were Coleoptera and Gastropoda while occasional food
group was Isoptera (Appendix 6). The variation of DFP values of food groups eaten by

anurans in this habitat was not significant (Mann Whitney U test, U = 42, P >0.05).
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In the forest interior majority of the food groups were secondary, and the highest level of
DFP was secondary. The secondary preferred food groups were Gastropoda, Coleoptera,
Isoptera and larvae. Orthoptera and Isoptera were occasional food group in this part of the
forest (Appendix 7). The variation of DFP values of food groups eaten by anurans in this

habitat was not significant (Mann Whitney U test, U = 41, P >0.05).

Finally, majority of the variations of DFP values for each anuran species found among
different habitats (areas were forest border with farms, along Kimboza streams, along
forest and tarmac road border and in forest interiors) was not significant (Table 11).
However, three species Ptychadena anchietae (Kruskal-Wallis Test, H=16.6, P<0.05),
Phrynobatrachus  natalensis  (Kruskal-Wallis ~ Test, H=12.96, P<0.05) and
Phrynobatrachus acridoides (Kruskal-Wallis Test, H= 9.5 P<0.05), they had significant

variation of their DFP values among different habitats.

Table 11: Independent Samples Kruskal Wallis Statistic Test Results on comparison
of DFP values of each anuran species found among habitats

Species P Value
Leptopelis flavomaculatus 0.115
Arthroleptis xenodactyloides 0.320
Ptychadena anchietae 0.001*
Phrynobatrachus natalensis 0.005*
Xenopus borealis 0.104
Chiromantis xerampelina 0.392
Arthroleptis affinis 0.104
Phrynobatrachus acridoides 0.024*
Leptopelis uluguruensis 0.392

Significance level = 0.05
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4.4.2 Degree of food preference of anurans species in Kimboza Forest Reserve during
March and April
During March in the upper segment of the forest majority of the food groups eaten by
anurans were occasional. The highest level of DFP in this month was highly preferential.
The food groups in highly preferential category were Coleoptera and Hymenoptera. Food
groups Orthoptera and Isoptera were considered preferential while Gastropoda and
Coleoptera were secondary food groups. In contrast in April the majority of food groups
were secondary, and the highest level of DFP in this month was highly preferential.
Diptera was considered highly preferential in Phrynobatrachus acridoides (3.00). All food
groups were in secondary category except Gastropoda, Decapoda, larvae and Araneae.
Occasional food groups included Orthoptera, Coleoptera, larvae, Isoptera and
Hymenoptera (Appendix 8). However, the variation of DFP values of food groups was not

significant between March and April (Kruskal-Wallis Test, H=5.6, P > 0.05).

On the other hand, in the lower segment of the forest during March only two species were
found and the highest level of DFP in this month was highly preferential. The food group
in highly preferential category was Hymenoptera in Arthroleptis xenodactyloides (3.00).
Orthoptera was in preferential category, while Isoptera as a secondary food group. In
April, the lower segment of the forest had highly preferential as the highest level of DFP.
The food group in highly preferential category was Isoptera in Arthroleptis
xenodactyloides (3.43). There were no food groups in secondary, though Hymenoptera
was considered occasional food group (Appendix 9). The variation of DFP values of food
groups was not significant between March and April (Kruskal-Wallis Test, H=16.5 P =

0.057).
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CHAPTER FIVE

5.0 DISCUSSION
5.1 The Distribution of Anuran Species across Different Habitats within Kimboza
Forest Reserve
Anurans’ distribution across different habitats within the forest and along forest borders
was significantly different. Most of anurans occurred in areas along Kimboza forest
streams, along forest and farms border and in the interiors of the upper segment of the
forest, while in the lower segment most of the species occurred in the interior areas of the
forest and areas along forest and farm borders. Different factors contributed to high
occurrence of anurans in these habitats. For instance, the highest occurrence of anuran
species in areas along forest streams was attributed to the fact that areas with water
sources have high structural heterogeneity which offers different microhabitats for various
species to exploit, and thus led to high diversity of species in these areas (Narvéez et al.,

2014).

Further, the highest occurrences of anuran in areas along forest and farms border could be
due to the presence of ponds in this habitat which were formed during the period of heavy
rain and used by several species for breeding activities. In literature (da Silva and Rossa-
Feres, 2011; da Silva et al., 2012) established that water bodies within agricultural
landscape and along forest edge are important as high abundance of anurans use these
areas for breeding activities. Again, higher occurrence of anuran species in forest interiors
habitats than in forest and road border habitats could be a result of a tendency of forest
anuran species to prefer forest interiors areas than the forest edges. Forest edges are known
to have higher changes in moisture (e.g. humidity in important microhabitats),

microhabitat availability, food availability and more risk of predation than forest interior
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(McCracken and Forstner, 2014). As a result some of anurans which are sensitive to such

changes tend to avoid forest edges and prefer more forest interiors (Maynard et al., 2016).

Furthermore, higher number of occurrence of anurans was recorded in the upper segment
than the lower segment of the forest. This could be attributed to deforestation and the
associated disturbances. During the study there were several observations of illegal
harvesting of timber in the forest. Similar findings by Kacholi (2013) also reported
deforestation activities in Kimboza forest reserve. However, the encounter of these events
was more in the lower segment than in the upper fragment. Changes caused by
deforestation are known to threaten amphibian species (Stuart et al., 2004; Cushman,
2006), and these changes are known to alter their distribution, habitat use and range
(Duellman and Trueb, 1994). For instance, deforestation cause changes like increase in
temperature and decrease in soil moisture in the forest. As a result anuran species with
high rates of water loss by evaporation fail to survive in such areas and leading to
mortality due to desiccation (Rothermel and Semlitsch, 2002). Therefore, it is reasonable
to assume that the lower occurrence of anurans species in the lower segment than that of
the upper segment of the forest could be due to changes caused by deforestations activities

going on in the lower fragment.

Among the 13 anuran species found in Kimboza forest the most common species were
Arthroleptis xenodactyloides and Leptopelis flavomaculatus. Anuran species Arthroleptis
xenodactyloides were found in forest interior (on forest floor hiding in leaf litters), areas
where forest border with the road (also in leaf litter), along forest and farms border areas
(in grasses and on herbs) and along Kimboza forest streams (in grasses and dry leaves).
Harper et al. (2010) reported that Arthroleptis xenodactyloides live and breed in leaf litter
of the forest floor and can occur in various habitats including lowland and montane

forests, swamps, woodland and wet grasslands. Leptopelis flavomaculatus was found on
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low vegetation of different habitats within the forest but also on forest floor. In literature
(Channing and Howell, 2006; Harper et al., 2010) reported that Leptopelis flavomaculatus
is a forest frog primarily found in semi deciduous forest in coastal areas, but also occurs in

lowland and montane forest.

Second in occurrence was anuran species Nectophrynoides tornieri, Arthroleptis affinis
and Xenopus borealis. Nectophrynoides tornieri was found on low vegetation on the forest
but also on forest floor in forest interiors and areas were forest border with road. Harper et
al. (2010) reported that Nectophrynoides tornieri is usually found on low vegetation of
Lowland and montane forest and on forest edges. Additionally, Channing and Howell
(2006) reported on the same species and stated that the species is usually found in leaf
litter, forest floor growth, soil cracks, and in rocks crevices but it can also be found on
vegetation surface. Arthroleptis affinis was found on forest floor hiding in leaf litter of
three habitats including forest interiors, along Kimboza forest streams and along forest and
farms border areas. In literature (Channing and Howell, 2006; Harper et al., 2010)
reported that Arthroleptis affinis was associated with leaf litter on forest floor and usually
found in montane and sub montane forests as well as grasslands and a range of degraded
habitat types. Further, Xenopus borealis was found in stagnant water bodies, along forest
and farm border, in forest interior and along Kimboza forest stream. Tinsley et al. (1996)
found that amphibians belonging to genus Xenopus have colonised a variety of habitats
both natural and manmade and they are found in stagnant, slow or even fast moving water

bodies.

Third in occurrence were Chiromantis xerampelina, Phrynobatrachus natalensis,
Afrixalus uluguruensis and Leptopelis uluguruensis, each of them occurred only in two

habitats. Chiromantis xerampelina was found in forest interiors and along forest and farms
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borders, while Leptopelis uluguruensis occurred along forest and road borders areas and in
forest interiors. Various studies (e.g. Channing and Howell, 2006; Harper et al., 2010;
IUCN, 2017) reported that Chiromantis xerampelina occupies a variety of habitats
including forests, all types of savannah, humid wooded savannah, shrubland, pastureland
and urban areas. In addition IUCN (2017) has drawn attention to the fact that Chiromantis
xerampelina is found in disturbed forest this evidence seems to support the finding of this
study as this species was found inside the lower segment of Kimboza forest which had
several sign of disturbance includes burned areas and illegal harvesting of trees, but also
on forest and farm borders which are also altered parts of the forest. Leptopelis
uluguruensis was reported to occupy forests of Eastern Arc mountain of Tanzania but also
found in disturbed habitat including banana patches near mature forest. While Afrixalus
uluguruensis occurred in areas along Kimboza forest streams, along forest and farms
borders, and Phrynobatrachus natalensis occurred only in areas along forest and farms
borders. In literature Harper et al. (2010) reported that Afrixalus uluguruensis usually
occur in intact moist lowland and montane forest Uluguru, and Udzungwa Mountains, but
also it can occur in coastal areas of Tanzania though it is not yet confirmed. Thus, the
occurrence of Afrixalus uluguruensis and Leptopelis uluguruensis in Kimboza forest
reserve support the findings by (Bayliss, 1994) which found that Uluguru nature reserve
share some of its species with Kimboza forest reserve. Furthermore, Phrynobatrachus
natalensis was reported to usually occur on vegetation on the edges of water in forest,
grassland, savanna and agricultural areas (Channing and Howell, 2006; Harper et al.,

2010).

Ptychadena anchietae, Phrynobatrachus acridoides, Hyperolius mitchelli and Afrixalus
stuhlmanni were the species that were least observed since each of them species occurred

only in one habitat type. All of them occurred in areas along Kimboza forest streams
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except Afrixalus stuhlmanni which was found in ponds and dry areas along forest and
farms borders. Reporting on one of the species Ptychadena anchietae, Harper et al. (2010)
and Barnes (2016) found that this species is associated with open areas, woodland,
grassland, suburban areas and forest, but also it is always found near water. Also
Hyperolius mitchelli was found to be a species associated with water bodies in the forest
(Channing and Howell, 2006). However, Harper et al. (2010) reported the species to be
found in dry and moist forest, but also in degraded habitat including gardens and low-
intensity agricultural land. Phrynobatrachus acridoides was also reported to be associated
with water in various habitats including forest, grassland, shrubland and savannas (Harper
et al., 2010). This species was found in these various habitats wherever there is water like
near puddles, streams or flooded grassy areas. Lastly, Afrixalus stuhlmanni is reported to
occupy coastal forests, grassland, and savanna in Coastal areas of Tanzania and inland to
the Kilombero floodplain (Channing and Howell, 2006; Harper et al., 2010). In general,
the reason behind the sporadic occurance of these species was due to the fact that most of
these species are associated with water and thus they could only be found in habitats
within the forest that has water sources such as along Kimboza streams and in ponds along

forest and farms borders.

5.2 Dietary Composition of Anuran Species of Kimboza Forest Reserve

5.2.1 The rate of feeding activities

The proportion of empty guts in a given sample of species could be a good estimator of
energy balance. Individuals having empty guts are assumed to be in negative energy
balance and dependent on reserve stores whereas individuals having food in their guts are
assumed to be in positive energy balance because they are gaining energy. Therefore, in a
given sample of species a low proportion of empty guts indicate a positive energy balance

while a high proportion indicate a negative energy balance (Huey et al., 2001; Arrington et
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al., 2002). In Kimboza Forest Reserve anurans with empty guts were approximately 35%,
therefore the study data suggest that the forest had a positive energy balance which means

it provided optimal feeding conditions for anurans survival.

Further, comparing the energy balance among different habitats within the forest, areas
along forest and farms border (contributed 76% of all individuals with empty guts) seemed
to be the areas with the least energy balance compared to all other habitats in the forest.
The lower rate of feeding activity might be induced by the scarcity of available food but
also might be because of the energetic constraints associated with the reproductive
behaviour of anurans (Biavati et al., 2004). Kovéacs et al. (2007) found that during
reproductive period (March-end of May) the number of empty stomachs was higher than
the other seasons. Since the study was conducted during the same period then the high
number of empty guts of anurans found in ponds along forest and farms border could be
due to the reproductive period but also due to the scarcity of available food in this habitat.
Another reason for empty guts of anurans studied here could be because of the time period
anurans were captured. Sole and Rddder (2009) found that feeding activities of anurans
usually start after 2 to 4h after night fall. Active search of anurans in this study was
conducted between 0600 to 1800 h. On this basis this could be the reason for empty guts

in studied specimen.

5.2.2 Abundance and frequency of occurrence of the prey items eaten by anuran
species in Kimboza Forest Reserve

The diet of anurans of Kimboza forest reserve had high abundance of termites and ants,

this may be attributed to the fact that the diet of these anurans may be to a certain degree

reflecting the prey availability in Kimboza forest. For instance, the high abundance of ants

in anuran diet could be reflecting the fact that Kimboza forest is a lowland forest (Rodgers
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et al., 1983), and such forests have high abundance of ants (Lima et al., 2010). Again,
some species of anurans are known to consume large amount of termites if such insects are
abundant in their habitats. For instance Biavati et al. (2004) found that anuran species
Ameerega flavopicta (Dendrobatidae) consumed large amount of termites at a site of
Cerrado vegetation in central Brazil, where such insect were abundant. Given the evidence
it can be seen that the large consumption of isopterans (termites) and hymenopterans (ants)
by anurans in Kimboza Forest Reserve was due to the high abundance of these insects in
this study area. Wachlevski et al. (2008) concluded that anurans’ diet to a certain degree

may reflect the prey availability in the surrounding environment.

However, it is also possible that the greater representation of these food groups, termites
and ants is due to their relative higher indigestibility compare to other prey items. As
Measey et al. (2004) point out that there is a tendency of arthropods and other social
insects to be overestimated in gut contents analysis due to their relatively indigestible
chitinized exoskeleton. As a result, most of the times the soil-dwelling social insects
(termites and ants) are ranked higher in frequency compared to the other gut contents
excised. Meanwhile, Decapoda (Crustacean) aquatic prey was the least abundant food
group. Decapoda was consumed by only one species (Xenopus borealis) which is an
aquatic species. Most of the preys consumed by anurans in Kimboza Forest Reserve were
Terrestrial. Terrestrial invertebrates are known to dominate the diet of most anurans, even
in those species which are aquatic or semi aquatic (e.g. Hirai and Matsui, 2001, Sas et al.,

2009).

In contrast, the most frequently collected food group from the guts of anurans was
Coleoptera 6 out of 10 anuran species (Fig. 6). Coleoptera was found to be the most

frequently collected food group, even though it was not the most abundant food group.
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The tendency of most of anurans to consume the less abundant food group is said to be a
strategy to save energy, capturing a big prey being more advantageous, and then hunting a
high number of small preys (Ferenti et al., 2010). Likewise Klaion et al. (2011) found that
coleopterans are important prey for large leaf litter frogs, as they present large body sizes
and mass, which provide an appropriate amount of food and energy. Further, the second
frequently occurring food groups were Orthoptera, Hymenoptera and Isoptera. Plitsi et al
(2016) reported that the food groups which are abundant in the diet of anurans are also the
same food groups which are frequent in most cases. Therefore, Hymenoptera and Isoptera
high frequency was the result of high abundance of these food groups in the study area.
However, Orthoptera was among the less abundant food groups but was the second most
frequent food groups. This could be due to the fact that anurans tend to prefer large body
sized preys (e.g. Orthoptera) which offer appropriate amount of food and energy. As
Klaion et al. (2011) further point out that Orthopterans are also important prey as

Coleopterans which offer appropriate amount of food and energy for anurans.

A study by Cogalniceanu et al. (2000) found a relationship between abundance and
frequency of occurrence of food groups in the diet of species. They reported that the
consideration of both abundance and frequency for the same sample offers an informative
estimate of the homogeneity of feeding. If the food groups which are more abundant are
the same food groups which are more frequent then the given population exploits its
habitat sources in an effective way. However, the vice versa would mean the population is
not using the habitat sources in an effective way (Plitsi et al., 2016). On this basis, it is
was evident that all of anurans species except one species (Phrynobatrachus natalensis)
exploit their habitat sources in an effective way as the most abundant food groups for
each anuran species were also the same food groups which are most frequent in their diet.

Phrynobatrachus natalensis had Isoptera as the most abundant food group in it diet, but
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insect larvae were the most frequent food groups (Appendix 1 and Table 9). The reason
behind poor utilisation of habitat sources by Phrynobatrachus natalensis could be the
nature of the habitat the species was found. Phrynobatrachus natalensis was found in
ponds along forest and farm borders and these areas during the study were found to have
negative energy balance (high number of empty stomachs of anuran species), which means
they had scarcity of food. Therefore, the lack of efficiency in utilisation of sources by
Phrynobatrachus natalensis could be due to lack of food in the habitat it occupied. (Plitsi
et al., 2016) found that species in a habitat which has limited diversity of the invertebrate

fauna tends to fail to utilise the resource of the habitat in an effective way.

Furthermore, anurans of Kimboza forest were found to consume 10 different food groups
and all belonging to the invertebrate category. The work of Anderson et al. (1999) reveals
that the diets of anurans consisted mainly of invertebrates. The diets of anuran species
depend on several factors, but some of them are specialisation, foraging mode, diet
plasticity, and changes in resource availability due to habitat alterations by humans (Lima
et al., 2010). Reflecting these factors the diet composition of anurans in this study was for
instance found to show that anurans used different foraging modes, sit- and -wait and
active search. According to Toft (1981) there are two adaptive peaks of foraging strategies
which are sit-and-wait, and active search. Species which use sit-and-wait foraging
strategies consume a few large preys, mobile and solitary invertebrates as grasshoppers,
snails, beetles, larvae, and spiders, while active search consume large amount of small
preys which often live in aggregations such as ants and termites. Several species of
Kimboza forest including Leptopelis uluguruensis, Leptopelis flavomaculatus,
Chiromantis xerampelina, Ptychadena anchietae, Xenopus borealis and Phrynobatrachus
natalensis used sit and wait as the only foraging strategy, as consumed large preys and

avoided consumption of small preys like ants and termites (Fig. 4). The food groups
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consumed by these species included Orthoptera (grasshoppers), Isoptera (harvester
termites), Coleoptera (beetles), Gastropoda (snails and slugs), insect larvae, Hymenoptera
(bees) Araneae (spiders) and Decapoda (crustaceans). The reason behind the use of sit and
wait foraging strategy by these species could be due to the high abundance and diversity of
preys in the habitats were they were found. As Narvéaez et al. (2014) point out that anurans
feeding on areas with great availability of prey items are expected to exhibit a sit and wait
foraging strategy. However, this was not the case for Phrynobatrachus natalensis, as the
species was found only on areas along forest and farms which had low availability of food.
Phrynobatrachus natalensis, foraging strategy was not due to high abundance but simply a
strategy used by this species in order to consume the most available and easily captured
preys in a habitat it was found. As Rodel (2000) point out that Phrynobatrachus natalensis

is an opportunistic predator, which consumes the most accessible and easily captured

preys.

Conversely, other anurans used intermediate forage strategies, alternating between sit and
wait and active search. The tendency of alternating between sit-and-wait and active
searching behaviors enable anurans to consume few large preys and a large amount of
small preys (Ferenti et al., 2010). For instance, leaf litter anurans Arthroleptis
xenodactyloides and Arthroleptis affinis ate large amount of small preys such as ants and
termites, but also eat few large preys like beetles, spiders and larvae (Fig. 4). Another
species which used intermediate forage strategies was Nectophrynoides tornieri which ate
large amount of small preys ants (Hymenoptera) and also ate few large prey Coleoptera
(beetles) (Fig. 4). Again, Phrynobatrachus acridoides also used intermediate forage
strategies where it consumed small preys including ants and flies (Diptera), but also large
preys like beetles (Fig. 4). Research by Junca and Eterovick (2007) found that the

foraging strategy of a species is not always rigidly fixed, which is consistent with the



66

findings of this study as the studied species alternates between sit-and-wait and active
searching behaviors. The changes of foraging strategies which led to different diets of
anuran species could be due to fluctuation of the availability of food in the habitat they
occupied (Narvéez et al., 2014; Sousa and Avila, 2015). Falico et al. (2012) established
that generalist species have the ability to adjust diet to the more available resources so as
to improve energy uptake and fitness. Anurans studied here have shown a tendency of diet
plasticity as they were able to alternate their foraging strategies which led to adjustment of
their diet to the more available resources to improve energy uptake and fitness. Thus, it
could be concluded that Phrynobatrachus acridoides, Nectophrynoides tornieri,
Arthroleptis xenodactyloides and Arthroleptis affinis are to a certain extent generalist

predators.

5.3 Dietary Diversity of Anurans of Kimboza Forest Reserve
5.3.1 Diversity of prey items eaten by anurans in different habitats in Kimboza
Forest Reserve

There were significant differences between the diet diversity of anurans from upper and
lower segment of the forest. Anurans from the upper segment consumed more abundant
and diverse food groups than the lower fragment of the forest. Bogdan et al. (2013)
established that in order for a habitat to meet the trophic need of amphibians it must offer
abundant and diversified food resources. The upper segment seemed to satisfy anurans’
trophic needs as it offer abundant and diversified food groups different from the lower
segment which its anurans consumed less abundant and less diversified food groups. The
diet diversity depends on the quality of habitat inhabited by amphibians (Kovacs et al.,
2007). Therefore, the diet diversity data from this study suggest that the upper segment of

Kimboza forest reserve is of higher quality compared to the lower segment.
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Studies on Kimboza forest (Temu and Andrew, 2008; Kacholi, 2013) revealed the
presence of illegal timber harvesting activities in the forest, which could be affecting its
health. Harper et al. (2015) found that timber harvesting can cause dramatic changes in
quality and extent of forest ecosystems. Consequently, the habitat quality affects the
source of food for anurans (Daly et al., 2008). Further, anurans are highly sensitive taxa
and crucial indicators of environmental health and contamination (Fabricante and Nufieza,
2012), and therefore the dietary diversity of anurans in the lower fragment could be
reflecting the negative effects of deforestation activities currently going on in Kimboza
forest which are more intense in the lower fragment of the forest as it was observed during

the study.

Again, considering habitats within the forest and along forest edges, areas along forest and
road borders had the highest diversity of prey items. Though, these areas were not
considered of highest quality since anurans found within them consumed the lowest
number of prey items among all habitats and for a habitat to be considered of high quality
it should offer abundant and diversified food resources (Bogdan et al., 2013). Areas along
forest and farms and forest interiors had almost the same diet diversity index but areas in
forest interiors were slightly above. Anurans from areas along forest and farms and forest
interiors had the same number of food groups consumed 7 out of 10. However, forest
interiors are of higher quality than areas along forest and farms border because the later
had higher number of species which were collected and examined but still its diversity
index was lower than the forest interior. Further, anurans from areas along Kimboza forest
stream consumed 8 out of 10 food groups, and had both high diet diversity index and
number of prey items. Anurans from this part of the forest consumed more diverse food
groups than all other habitats except areas along forest and road borders but had more

abundant food than all habitats except areas along forest and farms.
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The habitat morphology is reflected by the food eaten by anurans (Narvaez et al., 2014).
For instance, anurans feeding on the water source areas are expected to have greater
availability of prey items than anurans in dry areas (Tews et al., 2004). This is because
areas with water sources tend to have higher structural heterogeneity compared with dry
areas (Narvaez et al., 2014). These findings support the data on diet of anurans studied
here, where anurans in areas along Kimboza forest stream had higher abundance and
diversity of prey (Table 7). Therefore, these areas were considered to be of the highest
quality than all other habitats within the forest followed by forest interiors and areas along

forest and farms.

5.3.2 The diversity of prey items eaten by each anuran species

In general the diversity of the diet of anurans described here was low compared to other
anurans studies (e.g. in Rodel, 2000; Bwong and Measey, 2010; Blackburn and Moreau,
2006; Channing and Howell, 2006; Konan et al., 2016; Tohe et al., 2015; Enabulele and
Aisien, 2012), as it was observed that most of anurans consumed less than 5 different food
groups. The reason behind low prey electivity could be due to the period the study was
conducted. The study started during the beginning of reproductive period early rain
seasons (March) to the middle of reproductive period heavy rain season (April).
Woodhead et al. (2007) found that the low number of elected food groups by a forest
anuran species Mantella aurantiaca in Madagascar was due to the fact that the study was

conducted during its reproductive period and thus this reflects the findings of this study.

Further, published data which describe the diet of the ten anurans species studied here are
scarce. Similar observation by Hirschfield and Rodel (2011) also indicated that studies on
African anurans are rare. Therefore, most of the literatures on the diet of anurans used here

are at genus or family level. A number of studies (e.g. Rddel, 2000; Bwong and Measey,
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2010; Enabulele and Aisien, 2012; Tohe et al., 2015; Konan et al., 2016) on the diet of
anuran species belonging to genus Ptychadena, Leptopelis, Phrynobatrachus and Xenopus
established that these anurans are opportunistic generalist predators which lack feeding
preferences and have a wide diversity of food groups with no constant food in their diets.
These results to some extent match with the findings on species like Ptychadena
anchietae, Phrynobatrachus natalensis, Leptopelis flavomaculatus and Xenopus borealis
which had a wide diversity of food more than other anuran species in the forest and no

food group was constant.

On the other hand, some of the studied species (Phrynobatrachus acridoides, Arthroleptis
affinis, Nectophrynoides tornieri, Arthroleptis xenodactyloides and Leptopelis
uluguruensis) showed a certain degree of specialisation as the diet of these species were
dominated by few food groups leading to a narrow diversity of food groups plus the
presence of constant food (Appendix 1 and Table 9). Phrynobatrachus acridoides,
Arthroleptis affinis, Nectophrynoides tornieri, and Arthroleptis xenodactyloides consumed
large amount of small preys and few large preys. Toft (1980, 1981) found that leaf litter
anurans have a diet continuum from species specialised in slow moving and hard-bodied
arthropods (e.g. ants or termites) to generalists anuran species which prey on mostly soft-
bodied and mobile arthropods (avoiding ants and termites). Since, Phrynobatrachus
acridoides, Arthroleptis  affinis, Nectophrynoides tornieri and Arthroleptis
xenodactyloides consumed both large and small preys then these species are neither
generalists nor specialist but intermediate species. The diet of intermediate species is
known to be within the generalist-specialist continuum whereby species have highly
varied diets, but with intense consumption of a few prey categories (Lima et al., 2010).
However, Leptopelis uluguruensis diet suggested that the species is a specialist as it

consumed only one food group Orthoptera (grasshoppers). Caution should be taken here
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on the interpretation since the study had only three individuals. Previous studies are in

contrast with the study findings as species in genus Leptopelis are considered generalist.

The specialisation in diets of various anurans described here reflects to a certain degree,
prey availability in the surrounding local environment (Wachlevski et al., 2008; Peltzer et
al., 2010), since the absence of any prey type could encourage predators to specialise in
other prey (Maneyro and da Rosa, 2004). Therefore, in absence of a valid prey availability
test and due to the limited sample of anurans from each species it is reasonable to
conclude that the diet of various anurans which showed some degree of specialisation in
this study suggest high abundance attained by some particular prey types (e.g. Isoptera,
and Hymenoptera) in each type of habitat found within Kimboza forest reserve. And that
the possible preys for each species are diverse but specialisation might be present at local

population level.

5.4 The Influence of Habitat on the Feeding Preferences of Anuran Species in
Kimboza Forest Reserve
Majority of the food groups eaten by anurans in the upper segment of Kimboza forest
reserve were considered secondary or occasional. However in the lower segment most of
the food groups were considered preferential. This difference in degree of food preference
between the upper and lower segment may be explained by the difference in the quality of
each habitat in the forest. The quality of habitat is known to influence the feeding
preferences in anurans (Ferenti et al., 2010). The upper segment offered more diverse of
food groups than the lower segment, thus the upper segment was of higher quality than the
lower segment. Bogdan et al. (2013) found that for a habitat to be considered of high
quality should offer abundant and diversified food resources. As a result, anurans from

upper fragment had a wide diversity of food groups to select and therefore anurans also
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consumed a diverse of food groups without most of them having preferential or highly
preferential food groups. Abundance and availability of prey is said to greatly influence
what is ingested and may tend to conceal preferences (Piatti and Souza, 2011). Although
the lack of trophic preference of anurans in this segment may also be due to the fact that

most of these anurans are opportunistic predators.

On the other hand, anurans from lower segment had lower diversity meaning narrow range
of selectivity forcing them to have a higher degree of food preference for the most
abundant and available food groups. Maneyro and da Rosa (2004) also found that the
absence of any type of prey could encourage predators to specialise in other prey. Further,
anurans are known to change their diet preferences in response to the fluctuation of prey
availability (Whitfield and Donnelly, 2006). Feeding of anurans is usually a result of
adaptation to a present situation. Anurans do not use homogenous strategy all the times
(Kovacs et al., 2010). Therefore, the diet of anurans in the lower fragment reflects the prey
availability in this part of the forest instead of a certain degree of specialisation. However,
the comparison of the degree of food preference of anurans within different habitats (areas
along Kimboza forest, in forest interiors, areas where forest border with farms and areas
along forest and road border) showed no significant difference. The similarity of food
preferences among species may be explained through the fact that these species use the
same habitats in the forest area (Nuneza et al., 2012), or it could be due to the

opportunistic feeding behavior of the studied species (Lima et al., 2010).



72

CHAPTER SIX

6.0 CONCLUSIONS AND RECOMMENDATIONS

6.1 Conclusions

Kimboza forest reserve is a home for a diverse number of amphibians (anurans). Thirteen
species of amphibian which belong to 7 families of order anuran were recorded in
Kimboza forest reserve. Most these anuran species occurred in areas along Kimboza forest
streams, along forest and farms border and the forest interiors. There were different
reasons for high occurrences of species in each habitat. For instance, high occurrence of
species in areas along Kimboza forest streams was due to the fact that these areas had the
highest structural heterogeneity compare to all other which offered different microhabitats
for various species to exploit and thus result to the highest diversity of species in this
habitat. However, areas along forest and farm borders had low structural heterogeneity
compare to others but still had the highest occurrence of species due to the presences of
pools used by high number of anurans for reproductive activities. These pools were
formed during a period of heavy rains. These findings are important as they reveal a need
for more conservation effort in areas along Kimboza forest streams and areas along forest

and farm borders.

Further, the whole forest in general was reported to offer optimal feeding conditions for
anurans. However, anurans feeding in areas along forest and farms border had the lowest
rate of feeding due to the reproductive period and the scarcity of available food in this
habitat. Anurans consumed ten different food groups and the most abundant food groups
were Isoptera (termites) and Hymenoptera (ants) .On the other hand, Coleoptera was the

most frequent food group. The high frequency of Coleoptera in the diet of anurans was
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due to a strategy used by anurans to save energy. The dietary diversity of each anuran
species varied, whereby Ptychadena anchietae had the highest diet diversity and
Leptopelis uluguruensis had the lowest. Ptychadena anchietae, Phrynobatrachus
natalensis, Leptopelis flavomaculatus and Xenopus borealis had a wide diversity of food
more than other anuran species with no constant, and were found to be opportunistic
generalist predators lacking feeding preferences. In contrast, other species such as
Phrynobatrachus acridoides, Arthroleptis affinis, Nectophrynoides tornieri, Arthroleptis
xenodactyloides and Leptopelis uluguruensis were found to be intermediate. The diet
specialisation of these species was found to be due to the availability of prey in the
surrounding local environment. There was no significant difference of the feeding
preferences of anurans within different habitats within the forest and along forest edges.
The lack of difference was due to the fact that most of anurans species using the same
habitats in the studied area but also it could also be due to opportunistic feeding behavior
of the studied species. Major difference between the diet of anurans in the upper and lower
segment of the forest was revealed on the findings from both distribution and the diet of
anuran species of Kimboza forest reserve. The lower segment was affected by
deforestation activities. Hence, the findings revealed a need for future studies focused on
impact of deforestation activities on anurans distribution and diet. In general, this study is
the first report on distribution and the feeding ecology of anurans in Kimboza forest
reserve. The study provides preliminary estimation of the actual diet of these species and
establishes a general distribution and feeding pattern for anurans in Kimboza forest

reserve.
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6.2 Recommendations

The following are recommendations for improvement of conservation of anurans in

Kimboza forest reserve and advancement of the information on the distribution and the

feeding ecology of anurans in this forest.

First, future studies should focus on dry season and nocturnal species so as to come
up with a complete understanding of the distribution and feeding ecology of anuran
species of Kimboza forest reserve.

Second, Areas along forest and farms borders have proven to be important
breeding habitat for anurans during heavy rain seasons, therefore the forest
management should consider conservations strategies for protecting these areas as
it was also proven that these areas are currently not energetically balanced as some
of the species were found to fail to utilize the habitat well.

Third, a larger sample of each species found in Kimboza forest should be used to
study the diet of anurans studied here so as to confirm the feeding pattern which
was established.

Finally, future studies should focus on the impact of deforestation activies on the
distribution and diet of anuran species of Kimboza forest reserve, as the study
findings revealed major difference between the disturbed and undisturbed

segments of the forest.
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APPENDINCES

Appendix 1: Frequency of occurrence of food groups per anuran species in Kimboza

Forest Reserve

Frequency of occurrence of food groups
Anuran Species

L.u L.f A.X N.t A.a C.X P.a X.b P.n P.ac

Food groups

Orthoptera 66.67¢ 9.092 - - - 255 - 33.33% 33.33°% -
Isoptera - 27.27S 79.17¢ - 100¢ - - 33.335 33.33°% -
Coleoptera - 27.27°5 4172 33.33% - 508 33.33%5 - - 508
Gastropoda - 36.36° - - - - 33.33% - - -
Hymenoptera - - 47375 100¢ - - 33.33% - 33.33% 100¢
Araneae - - 417 - - - 33.33%5 - - -
larvae - - 417 - 33.33 - - - 508 -
unidentified - - - - - 258 33.33%5 - - -
Decapoda - - - - - - - 33.33%5 - -
Diptera - - - - - - - - 100¢

C =constant, S = secondary, a = accidental

L.u = Leptopelis uluguruensis, L.f = Leptopelis flavomaculatus, C.x= Chiromantis xerampelina,
P.a = Ptychadena anchietae, A.x = Arthroleptis xenodactyloides, N.t = Nectophrynoides tornieri,
A.a = Arthroleptis affinis, X.b=Xenopus borealis, P.n=Phrynobatrachus natalensis,

P.ac = Phrynobatrachus acridoides
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Appendix 2: Degree of Food Preference of food groups eaten by anurans in the upper

segment of Kimboza Forest Reserve

Degree of Food Preference
Anuran species L.u L.f A.X N.t Aa Cx Pa Xb Pn P.ac

Food groups

Orthoptera 2.67°7 0.07° - - - - - 1.33%5 0.36° -
Isoptera - 0.79° 2.39° - 2.75° - - 1.33% 0.09° -
Coleoptera - 0.71° 0.05° 155 - 4H 1.33% - - 0.5°
Gastropoda - 18 - - - - 1.33% - - -
Hymenoptera - - 0.67° 35" - - 18 - 0.55° 3"
Araneae - - 0.05° - - 0.67° - - -
Insect larvae - - 0.05° 05° - - 0.82° -
Unidentified - - - - - - 0.33° - - -
Decapoda - - - - - - 1.33% - -
Diptera - - - - - - - - 2°

L.u = Leptopelis uluguruensis, L.f = Leptopelis flavomaculatus, C.x= Chiromantis xerampelina,
P.a = Ptychadena anchietae, A.x = Arthroleptis xenodactyloides, N.t = Nectophrynoides tornieri,
A.a= Arthroleptis affinis, X.b= Xenopus borealis, P.n= Phrynobatrachus natalensis, P.ac=Phrynobatrachus
acridoides

H=highly preferential P=preferential S=secondary O= occasional

Appendix 3: Degree of Food Preference of food groups eaten by anurans in the lower
segment of Kimboza Forest Reserve

Degree of Food Preference
Anuran Species L.u L.f AX Nt Aa Cx Pa X.b P.n P.ac

Food groups

Orthoptera - - - - - 2.00° - - - -
Isoptera - - 2.89° - - - - - - .
Coleoptera - - - - - - - - - -
Gastropoda - - - - - - - - - -
Hymenoptera - - 1225 - - - - - - -
Araneae - - - - - - - - - -
Insect larvae - - - - - -
Unidentified - - - - - 2.00°F - - - -
Decapoda - - - - - - - - - -
Diptera - - - - - - - - - -

L.u= Leptopelis uluguruensis, L.f = Leptopelis flavomaculatus, C.x=  Chiromantis xerampelina,
Pa = Ptychadena anchietae, A.x = Arthroleptis xenodactyloides, N.t =Nectophrynoides tornieri,
A.a= Arthroleptis affinis, X.b= Xenopus borealis, P.n= Phrynobatrachus natalensis, P.ac= Phrynobatrachus
acridoides

H=highly preferential P=preferential S=secondary O= occasional
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Appendix 4: Degree of Food Preference of food groups eaten by anurans along forest

streams in Kimboza Forest Reserve

Degree of Food Preference

Anuran species A.X P.a Aa P.ac
Food group

Orthoptera - - - -
Isoptera 2.9° - 3.54 -
Coleoptera - 1.33% - 0.5°
Gastropoda - 1.33% - -
Hymenoptera 0.9° 18 - 3
Araneae 0.9° 0.67° - -
Insect larvae - - 18 -
Unidentified - 0.33° - .
Decapoda - - - -
Diptera - - - oP

A.x=Arthroleptis xenodactyloides, A.a=Arthroleptis affinis, P.a=Ptychadena anchietae,
P.ac=Phrynobatrachus acridoides

H = Highly preferential, P=Preferential, S=Secondary, O= Occasional

Appendix 5: Degree of Food Preference of food groups eaten by anurans along forest
and farms border in Kimboza Forest Reserve

Degree of food preference (DFP)
Anuran species L.f A.X X.b C.x P.n

Food groups

Orthoptera - - - - 0.36°
Isoptera 13 2.67° 2° - 0.09°
Coleoptera - 0.33° - 4H -
Gastropoda - 0 - - -
Hymenoptera - 0.67° - - 0.55°
Araneae - - - - -

Insect larvae - - - - 0.82°
Unidentified - - - - -

Decapoda - - 2° - -
Diptera - - - -

L.f=Leptopelis flavomaculatus, A.x=Arthroleptis xenodactyloides, X.b=Xenopus borealis, C.x=Chiromantis
xerampelina, P.n=Phrynobatrachus natalensis

H = Highly preferential, P=Preferential, S=Secondary, O= Occasional
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Appendix 6: Degree of Food Preference of food groups eaten by anurans along forest

and tarmac road border in Kimboza Forest Reserve

Anuran species
Food groups L.f L.u

Orthoptera - 2°
Isoptera 0.67° -
Coleoptera 18 -
Gastropoda 1.33% -
Hymenoptera - -
Araneae - -
Insect larvae - -
Unidentified - -
Decapoda - -
Diptera - -

L.f= Leptopelis flavomaculatus, L.u= Leptopelis uluguruensis

H = Highly preferential, P=Preferential, S=Secondary, O= Occasional

Appendix 7: Degree of Food Preference of food groups eaten by anurans in interiors
of Kimboza Forest Reserve

Anuran species

Food groups L.f A.X
Orthoptera 0.14° -
Isoptera 0.57° 1.58
Coleoptera 1.14% -
Gastropoda 1.57° -
Hymenoptera - -
Araneae - -
Insect larvae - 18
Unidentified - -
Decapoda - -
Diptera - -

L.f=Leptopelis flavomaculatus, A.x=Arthroleptis xenodactyloides

H = Highly preferential, P=Preferential, S=Secondary, O= Occasional
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Appendix 8: Degree of Food Preference of anurans species in the upper segment of Kimboza Forest Reserve during March and April

Anuran species L.u L.f A.X Aa N.t C.x P.a X.b P.n P.ac
Food groups R1 R2 R1 R2 R1 R2 R1 R2 RT R2 R1 R2 R1I R2 R1 R2 Rl R2 R1 R2
Orthoptera 2.67 009 - - - - - - - - - - - - 1 - 0.36 - -
Isoptera - 073 067 29 15 2.33 - - - 1 - 0.09 - -
Coleoptera - 0.73 1 0.1 - - 1 - 4 2 - - - - - - 0.5
Gastropoda - 1.36 - - - - - - 2 - - - - - - -
Hymenoptera - - - 0.06 11 - 35 - - - - - - - 0.55 - 1
Araneae - - - - 0.1 - - - - - - - - - - - -
Insect larvae - - - 0.1 - 0.66 - - - - - - - - 0.82 - -
unidentified - - - - - - - - - - - - - - - - -
Decapoda - - - - - - - - - - - - 1 - - - -
Diptera - - - - - - - - - - - - - - - - 3

R1=March, R2 =April

L.u = Leptopelis uluguruensis, L.f = Leptopelis flavomaculatus, C.x=Chiromantis xerampelina, P.a = Ptychadena anchietae,
A.x = Arthroleptis xenodactyloides, N.t = Nectophrynoides tornieri, A.a= Arthroleptis affinis, X.b = Xenopus borealis,

P.n = Phrynobatrachus natalensis, P.ac = Phrynobatrachus acridoides



Appendix 9: Degree of Food Preference of anurans species in the lower segment of Kimboza Forest Reserve during March and April
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Anuran species

L.u

L.f

A.X

A.a

N.t

C.x

P.a

X.b

P.n

P.ac

Food groups
Orthoptera
Isoptera
Coleoptera
Gastropoda
Hymenoptera
Araneae
Insect larvae
unidentified

Decapoda
Diptera

R1

R2

R1

R2

R1

15

3H

R2 R1

R2

R1

R2

R1
2P

R2

R1

R2

R1

R2

R1

R2

R1

R2

R1=March, R2 =April, H= Highly preferential, P = Preferential, S = Secondary, O = Occasional

L.u = Leptopelis uluguruensis, L.f = Leptopelis flavomaculatus, C.x= Chiromantis xerampelina, P.a = Ptychadena anchietae
A.x = Arthroleptis xenodactyloides, N.t = Nectophrynoides tornieri, A.a= Arthroleptis affinis, X.b = Xenopus borealis,

P.n = Phrynobatrachus natalensis, P.ac = Phrynobatrachus acridoides



