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Abstract
The Common River Frog Amietia quecketti is a well-known and widely distributed species
in southern Africa. Despite the fact that it is a common species and quite prevalent in urban
areas little is known about its behaviour. The North-West University Botanical Gardens was
selected as study area as it supports a healthy population of Common River Frogs at a
series of 18 water bodies. Each pond in the Garden was assigned a reference number and
the surface area, depth and vegetation were noted. Frogs were located with the aid of
strong flashlights. Specimens were caught by hand and transferred to clear plastic bags.
Frogs were sexed and their mass and their snout-vent length (SVL) were determined.
Frogs were subsequently individually marked by means of injecting a micro-transponder
(pit-tag) subcutaneously.

Field observations were conducted over two consecutive evenings every two weeks for a
period of one year. On the first night all sites were visited and all frogs were scanned and
their position, orientation and activity were noted. During the second night focus was on
Pond 6 as it sustained the biggest population. Observation started at 19:15 and continued
until 02:30. All frogs in and around the pond were scanned and detailed notes were taken,
focusing on their orientation, behaviour, calling activity and distance to the nearest other
frog.

Results showed that limited movement between ponds in the Garden does occur. A
number of individuals were recorded regularly. Some males had preferred call sites, and
clear circadian and seasonal patterns with regards to males and females exist. The
complex call structure consist of a chuck and a whine and then a combination of the two.

Keywords: Amietia quecketti; Behaviour; Seasonal activities; Call structure; Markrecapture.
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Introduction and Literature review

1.1. Amphibians
Frogs outlived the dinosaurs. They radiated and dispersed over the globe and are today
found on all continents (except Antarctica) and the majority of the larger hospitable islands.
However, this successful vertebrate Class currently faces many challenges. Globally the
number of frogs is in decline with one third of the known frogs is regarded as threatened.
This makes the Amphibia the most threatened vertebrate Class (Gascon et al., 2007;
Stuart et al., 2008). But why care about amphibians? Although amphibians are not seen as
frequently as, for example birds and mammals, they are of significant evolutionary
importance and play an important role in the ecosystem (Roelants et al., 2007; Cox et al.,
2008). Amphibians were the first vertebrates to leave the aquatic environments and
colonized land some 315 mya. (Carroll, 2001; Cannatella, 2007; Wells, 2007; San Mauro,
2010). Amphibians play an integral role in ecosystems - both as predator and prey
(Duellman & Trueb, 1994; Wells, 2007). In temperate and tropical environments
amphibians often comprise the bulk of the terrestrial vertebrate biomass (Cox et al., 2008).
Adult amphibians consume large quantities of invertebrates, many of which are not
available to other vertebrate groups (Semlitsch, 2003). They are known to feed on insects
and thus serve as bio-control agents for agricultural pests and disease-carrying insects
(Wager, 1986). Amphibian larvae feed on periphyton and phytoplankton and by doing so
they help in keeping waterways open (Ranvestel et al., 2004). In turn they serve as an
important protein source for aquatic invertebrates, reptiles, birds and mammals. Creating
an awareness of the value of frogs and their role in the ecosystem is as equally important
as the systematic and taxonomic studies. The Amphibia is a diverse Class with
approximately 6771 species. It comprises of three orders namely the Caudata
(salamanders) with 619 species, the Anura (frogs) with 5966 species and the
Gymnophiona (caecilians) with 186 species. The global concern regarding the decline in
1

the number of amphibians sparked a wave of interest in amphibians. Subsequently, a 60%
increase in the number of recognized species since 1985 has been observed (Frost, 2013).
Köhler et al. (2008) state that if the current rate of species descriptions is maintained, the
number of amphibians might reach 12,000 within the next five decades.

On a global scale, we see that amphibian diversity is - to a large extent - determined by
temperature and rainfall. The United States, with an area of 9.83 million km2 (Office of
Public Affairs, 2013) has between 80 and 99 amphibian species (Bishop & Haas, 2009).
Madagascar - with its tropical forests along the east coast - supports an exceptional high
anuran diversity on an island with a surface area of 581 540 km 2 (Butler, 2012). The
number of described frog species for Madagascar is currently 271 (Frost, 2013) but there is
a considerable number of undescribed species (Glaw & Vences, 2006). The true number of
frogs is probably at least 373, but possibly as many as 465 (Vieites et al., 2009). All but
one of the Malagassy frog species are endemic to the island. Compared to the USA and
Madagascar, South Africa has a fairly high species richness with 157 species (Du Preez &
Carruthers, 2009) in an area of 1 219 912 km2 (Encyclopedia of the nations, 2009). South
Africa is an arid to semi-arid country with an average annual rainfall of 497 mm, which is
well below that of the global average of 860 mm (Cowan, 1995). Of the three amphibian
orders only the Anura (frogs) are present in southern Africa representing 13 families (Du
Preez & Carruthers, 2009). An East-West gradient for endemicity and species diversity
exists with an increased endemicity associated within the Cape Floral Region and a higher
species diversity in KwaZulu-Natal (Measey et al., 2011). However, both areas are
recognised as being important for frog endemicity (Minter et al., 2004; Driver et al., 2005).
Overall, 43% of South African frog species are endemic to the country and of these, 35%
are in the Threatened category. All Critically Endangered and Endangered species are
endemic whereas only one species within the Vulnerable category is not endemic (Measey
et al., 2011). Furthermore, within the Afrotropical (south of the Sahara) region, South Africa
is ranked fourth in terms of the number of threatened species (Stuart et al., 2008).

1.2. Family Pyxicephalidae and the genus Amietia
The 13 Anuran families in southern Africa consist of 34 genera. The Pyxicephalidae is the
2

member of the Anuran family with the most species: 10 genera and 50 species (Du Preez
& Carruthers, 2009; Channing & Baptista, 2013). The family Pyxicephalidae is an endemic
group of African Frogs, with the majority of its diversity in South Africa (Van der Meijden et
al., 2011).

Amietia, known as River Frogs, named after the West African herpetologist J.L. Amiet,
currently includes 17 species (Channing & Baptista, 2013; Frost, 2013). Seven of these
species are present in South Africa. These are: the Drakensberg River Frog (A.
dracomontana) that is prevalent in the high montane grassveld of the Drakensberg
mountains in Lesotho and KwaZulu-Natal; the Cape River Frog (A. fuscigula) - dispersed
from the Western Cape to the Eastern Cape; Poynton‟s River Frog (A. poyntoni) with a
wide distribution from southern Namibia, along the Orange river, across to the east coast
and north to the northern border of South Africa; the Common River Frog (A. quecketti)
with a wide distribution throughout South Africa except in the western part of the country;
the Maluti River Frog (A. umbraculata) that inhabits the mountain streams of the
Afromontane Drakensberg; Van Dijk‟s River Frog (A. vandijki) that inhabits the region
between the Swartberge and Langeberge in the Western Cape, and the Phofung River
Frog (A. vertebralis) that is present in Lesotho. The Phofung River Frog is a high altitude
montane species and has been recorded in KwaZulu-Natal‟s Drakensberg foothills.

Amietia can possibly be confused with other genera like Ptychadena (Grass Frogs),
Strongylopus (Stream Frogs) and Hylarana (Golden-backed Frogs). However Amietia can
be distinguished from these species by observing webbing, dorsal ridges and leg length.

River Frogs live in close proximity to water. They are good jumpers and swimmers because
of their long legs and extensive webbing (Du Preez & Carruthers, 2009; Razetti & Msuya,
2002; and Passmore & Carruthers, 1979). Amietia are both nocturnal and diurnal and they
are reproductively active throughout the entire year (Channing, 1979; Baptista, 2011). The
River Frog‟s call consists of croaks and clicks; they call in groups or individually. They lay
individual eggs in slow-running or static water. The tadpoles‟ development is determined by
environmental factors (Du Preez & Carruthers, 2009).

3

1.3. Amietia quecketti
1.3.1. Distribution
The focal species in the present study was the Common River Frog (Amietia quecketti).
Until recently this species was known as A. angolensis. A taxonomic revision of the species
led to a split which retained A. angolensis for the form present at the type locality and other
localities in Angola and a new name A. quecketti for the form present in South Africa
(Channing & Baptista, 2013). Amietia quecketti is found through most of southern Africa
excluding the more arid western regions. Localities are confirmed from Nyanga in
Zimbabwe southwards to Ann‟s Villa and to the east towards Cloete‟s Pass (Channing &
Baptista, 2013). The species can be found in a variety of habitats: savanna, forest fringes,
grasslands and even in heavily urbanized areas where they are quite often found in garden
ponds (Minter et al., 2004).

http://www.sabap2.adu.org.za (date of access: 24/09/2012)

Figure 1.1: The distribution of Amietia quecketti in South Africa. Green dots represent 2055 records
that pre-dates 2000, the purple dots represent 641 records since 2000. Purple dots with green inside
represent records where the species were recorded pre- and post 2000 (Minter et al., 2004)

1.3.2. Appearance
The Common River Frog has a streamlined body and pointed snout and lives in close
proximity to water. When it gets disturbed it will quickly find refuge in the water (Du Preez &
4

Carruthers, 2009). It is known that this species can be submerged under water for long
periods. Wager (1986) reported a Common River Frog that stayed submerged for 43
minutes. Razzetti and Msuya (2002) commented that the Common River Frog is a rather
large frog that can grow up to 90 mm long. They have muscular hind legs and are good
jumpers.

Their dorsal color varies from brown to green and they have dark spots and a vertebral
stripe (Passmore & Carruthers, 1979). He pointed out that the dorsal surface can vary in
texture from smooth to prominent ridges. Du Preez and Carruthers (2009) describe the
colour as varying from dull brown or green (Fig. 1.2) to a luminous green with dark patches
(Fig. 1.3). The ventral side of the frog is mostly pale with no markings. This species has
extensive webbing with only two phalanges of the longest toe free of webbing (Fig. 1.4).
When viewed from above, the eyes of this species protrude beyond the profile of the head
(Fig. 1.5). This characteristic usually distinguishes it from the Cape River Frog that occurs
sympatrically over a large part of its distribution. This species‟ tympanum is more than half
the diameter of its eye (Du Preez & Carruthers, 2009).

Figure 1.2: Dull green color variation of A. quecketti with dark patches. Photo: LH Du Preez
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Figure 1.3: Luminous green color variation of A. quecketti. Photo: LH Du Preez

Figure 1.4: Hind foot of A. quecketti showing the extensive webbing. Photo: LH Du Preez

6

Figure 1.5: The protruding position of the eyes of A. quecketti. Photo: LH Du Preez

1.3.3. Reproduction
At the onset of the breeding season both males and females undergo changes in the
reproductive organs and certain body features (Du Preez & Carruthers, 2009). Males
develop nuptial pads that secure a firm grip on the female when they are in amplexus
(Passmore & Carruthers, 1979; Du Preez & Carruthers, 2009). The male‟s vocal sac
becomes more prominent and darkly pigmented especially along the sides. This species
has two different calls: a series of “kik,kik,kik;”; clicks and a “keroip” croak. The clicks are
often followed by a croak “kik,kik,kik,keroip”. Males call in a chorus but they alternate their
calls. Males can be heard calling throughout the year from near the water‟s edge. Common
River Frogs call mainly at night but can also be heard calling throughout overcast days
(Channing, 1979; Du Preez & Carruthers, 2009).

Breeding activities peak in early winter and spring (Du Preez & Carruthers, 2009). The
male is smaller than the female and will clasp the female in an anxillary amplexus. Eggs
are laid in stagnant or slow-running water (Rose, 1962). Eggs are spherical, about 4 mm in
diameter and encased in a jelly capsule. The dorsal half of the egg is dark coloured while
the bottom half is white. After eggs are laid, they quickly sink and are then covered by
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debris which makes them very hard to detect (Wager, 1986).

1.3.4. Tadpole
The tadpole grows up to 80 mm in length, has an oval body and a very long muscular tail.
The tadpole‟s colouring is usually brown with darker mottling. Tail and fins have blotches
with the ventral side of the tadpole white (Fig. 1.6). The nostrils are narrowly spaced and
small. Eyes are dorsolaterally positioned. The vent is median-dextral with the spiracle
facing backwards at an angle of 45º. The jaw sheaths are moderate to strong and the
position of the mouth is near-ventral with a double row of papillae around the corners of the
mouth and a single row of papillae above and below the mouth corners. The labial tooth
row formula (LTRF) can be either 4(2–4)/3 or 4(2–4)/3(1–2). Thus 4 upper tooth rows with
rows 2–4 broken and three lower tooth rows or 4 upper tooth rows with rows 2–4 broken
and three lower tooth rows with rows 1–2 broken (Fig. 1.7). Complete metamorphosis can
take place between 9 and 12 months or even as long as two years depending on
temperature and availability of food. Common River Frog tadpoles can stay motionless on
the bottom of a water body for long periods. When they are disturbed they quickly dart
away to hide in the silt (Du Preez & Carruthers, 2009).

Figure 1.6: The A. quecketti tadpole. Photo: LH Du Preez
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Figure 1.7: Drawing of A. quecketti tadpole labial tooth rows. Drawing: Angelo Lambiris

1.4. Importance of Monitoring Amphibians
The importance of amphibian monitoring cannot be underestimated. Hill et al. (2010)
defines monitoring as an irregular or regular survey that determines whether the
predetermined standard is met or whether it deviates from the expected norm. The
standard can be a baseline position like maintaining a population of a particular species.
According to Hill et al. (2010) monitoring is connected to project objectives. Monitoring
therefore plays an integral role in achieving project outcomes. The project‟s objectives
need to be defined before any data collection can start (Hill et al., 2010). When discussing
amphibian monitoring Hill et al. (2010) states that environmental variables should be taken
into account when one wants to monitor amphibians, because amphibians are very
susceptible to environmental change (Mattfeldt et al., 2009; Hill et al., 2010). According to
Hill et al. (2010) the optimal time to monitor amphibian population size is during their
breeding season (Mattfeldt et al., 2009; Hill et al., 2010). There are a number of different
survey methods that can be used for monitoring the population, but for the purpose of this
study the mark-recapture method was used.

9

1.5. Seasonal Movements
No published information was available on the movement of A. quecketti.

Migration within an amphibian population is important. It ensures re-colonization and helps
to maintain their metapopulations (Semlitsch, 2008). Migration is strenuous because
amphibians have a highly water permeable skin which limits their mobility (DeMaynadier &
Hunter, 1999; Semlitsch, 2008).

Regular reference to the fact that amphibians lead a biphasic lifecycle is found in literature
(Rothermel, 2004; Roznik & Johnson, 2007; Semlitsch, 2008; and Santos & Grant, 2011),
which indicates the fact that most amphibian species need water for breeding as well as a
period on ground where the adults can move around between ponds (Santos & Grant,
2011). Semlitsch (2008) stated that when an amphibian moves between sites it ensures
survival as well as reproduction (Semlitsch, 2008). Movement between sites depends
entirely on the frog as they are vulnerable and exposed when they move (Rothermel,
2004). Semlitsch (2008) noted that if adults have no knowledge of other breeding sites they
are more likely to have a better reproductive success and higher survival rate when they
return to their usual breeding site. There could be better breeding sites, but in order to
determine that, the frog would have to go explore and this has its own constraints
(Semlitsch, 2008).

There is a difference between adult movement and juvenile movement (Semlitsch, 2008;
Grayson & McLeod, 2009). Juveniles are less mobile than adults; they are more prone to
desiccation and less equipped for long distance migration (Semlitsch, 2008). DeMaynadier
& Hunter (1999) explain that juveniles can‟t move as far as adults because of a greater
surface to volume ratio that juveniles have compared to those of adults and this makes
them very vulnerable to desiccation (DeMaynadier & Hunter, 1999). Santos & Grant (2011)
stated that most migration takes place during the night in order to avoid predation and
desiccation (Santos & Grant, 2011).

Although movement has its constraints, Semlitsch (2008) believes that if a frog has an
aquatic larval phase and a terrestrial juvenile phase it makes perfect sense that the juvenile
10

is going to have to move to and from breeding sites if reproduction and survival of the
species is at stake. Walston & Mullin (2008) conducted a study to see whether juveniles
have a random way of exiting their birth pond. They discovered that the juveniles had a
non-random way of leaving their birth pond and that they preferred moving towards
forested areas. DeMaynadier & Hunter (1999) did a similar study on the Wood Frog
(Lithobates sylvaticus) juvenile to determine the direction of metamorph migration after
metamorphosis. They found that the majority of the juveniles migrated to closed canopy
areas that have dense foliage cover (DeMaynadier & Hunter, 1999). Roznik & Johnson
(2007) did a similar experiment on the Gopher Frog which lives in a forested area and this
species also preferred to stay away from open field areas and preferred to move to closed
canopy areas.

Semlitsch (2008) stated that females of some Rana and Bufo spp can move over greater
distances than the males. Distances of 142 m to 289 m away from the pond‟s edge have
been recorded (Semlitsch, 2008). Pope & Matthews (2001) did an experiment in the Kings
Canyon National Park, California. They marked Mountain Yellow-legged Frogs (Rana
muscosa) with pit-tags to monitor their seasonal movements and their movement ecology.
They found that the likelihood of a frog moving between lakes depended on the time of the
year and the frog‟s breeding, feeding or overwintering activities. In this species they noted
movement exceeding 66 m overland. Movement of approximately 1 km was also observed
(Pope & Matthews, 2001).

Yetman & Ferguson (2011) studied the spatial habitat requirements of the Giant African
Bullfrog (Pyxicephalus adspersus) and found that males and females moved approximately
350 m back to their burrows after spawning, and that females‟ burrows were situated four
times further (mean = 447 m) from their seasonal spawning pond than the males‟ burrows
(mean = 131 m). Yetman & Ferguson (2011) had some limited data which indicated that
the adult Bullfrogs mostly foraged within 20 m around their burrows (Yetman & Ferguson,
2011).

Grayson & McLeod (2009) did an experiment to see what the difference in mating success
was between migrating and resident females in the Red Spotted Newt, Notophthalmus
11

viridescens. They found that the resident females did not have more eggs than the
migrating females, although they had a greater body mass than the migrating females. This
despite the fact that the resident females start the breeding season earlier. But what they
did find was that the larvae from the resident females were larger than those of the
migrating female‟s larvae (Grayson & McLeod, 2009).

From the literature it is evident that movement has its advantages and disadvantages.
Whether the frog will move depends on a number of variables: the species, the distance it
has to move, the availability of other suitable sites and the risk of predation. When adults
move between sites the literature shows that they can move over rather large distances.

1.6. Acoustic communication
Hall (1994) stated that acoustic signals (calls) are common when one observes the social
behaviour of frogs and toads. The calls show inter- and intra-specific differences in spectral
content and their temporal patterns (Hall, 1994). During the breeding season males tend to
call in big choruses and sometimes include different species. Recent neuro-ethological
studies showed that frogs can differentiate between individual calls in a noisy breeding
chorus. For the frog to hear only one sound it has to overcome two problems: the first one
is to isolate a signal from the background noise, the second is to bind the spectral and
temporal sound so that the signal can be assigned to the right source (Bee, 2012).

Hall (1994) studied the five different types of calls: courtship, advertisement, release,
aggressive, and distress calls for the Northern Leopard Toad, Lithobates pipiens. Each
species has its own unique advertisement call allowing females to discriminate between
calls of conspecific males at the same pond (Hall, 1994; Bee, 2012).

Penna & Solis (1998) conducted a study in the South American temperate forest on the
advertisement calls of five different frog species including the spectral structure of the calls
and sound pressure levels. They concluded that the intense advertisement calls of toads
and frogs give the female frogs a chance to orient themselves toward the males and the
other males to respond antiphonally. These calls also determine spacing patterns between
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males of various anurans in a chorus assemblage (Penna & Solis, 1998).
Owen & Gordon (2005) did research on resident males‟ response towards intruder males‟
call stimulus to see whether they responded in a graded manner or whether they went for
the “all-or-nothing” bid (aggressive). When the male has a graded response it reduces the
chances of an aggressive encounter with the other male. A graded response can be
related to a threat display to prevent a fight. Larger individuals are more likely to respond
more aggressively at a higher cost to themselves than smaller individuals. It can cost them
greater energy expenditure, reduced mating success and they are at the risk of predation
(Owen & Gordon, 2005). Males can assess the size, individual identity, fighting ability and
the proximity of another male by its call (Bee, 2012).

Lykens & Forester (1987) wanted to determine whether a female frog can determine the
age of a male frog by its call or whether snout-to-vent length (SVL) seemed to be a better
indicator of age. Lykens & Forester made use of the Spring Peeper Frog in his experiments
and concluded that the size of the amphibian and its call frequency can determine its age
but found that the size (the SVL) of the frog is not a good predictor (Lykens & Forester,
1987). Given (1985) found that males of varying sizes of the Rana sp. have different call
intensities and call frequencies. An experiment was conducted to observe the responses of
smaller and bigger males towards playback stimuli of small and big males. Smaller males
differed from bigger males in the following ways: a) they would either retreat or become
silent with playback stimuli; b) their calls have a higher dominant frequency and a lower
intensity; c) they easily become a satellite male (a male that shadows another male). The
bigger males returned with bigger notes and more aggressive calls in response to the small
males‟ calls (Given, 1985).

1.7. Pit tagging and toe clipping
A pit-tag is a small glass tag with its own identity number which is used to mark frogs. This
is optimum for a behaviour study as it helps determine useful parameters that will benefit
the study. It was investigated whether this pit-tag had an effect on the species health. In
America there was a decline in the Boreal toad either because of a fungus or because of
13

weather fluctuations and they decided to monitor the population by using pit-tags. But after
inserting the pit-tag they found that it also had a negative effect on the frogs‟ survival rate
(Scherer et al., 2005). Wilson (2010) studied the effect pit-tags had on freshwater mussels.
He found that directly after pit-tagging the mussel it would be more vulnerable to predation
and it also affected their burrowing time (the time it took them to take refuge) (Wilson,
2010).

Identification of individual amphibians used to be done by toe clipping, but the method of
pit-tagging is becoming quite popular under researchers (Sigourney et al., 2005). McCarthy
& Parris did a follow-up study on an experiment where they clipped toes from amphibians
to see what the return rate was. McCarthy & Parris (2004) thought that toe-clipping would
affect the number of marked animals returning, but results from their previous study were
contradictory. They re-analyzed the data by using Bayesian statistics to see if the return
rate would be different if they calculated the return rate with the amount of toes removed.
With their re-analysis they found that toe-clipping reduced the return rate by 4–11% for
each toe removed after the first one had been removed. They came to the conclusion that
the amount of toes clipped has an effect on the return rate of the amphibians. In addition to
this, this method creates ethical dilemmas; toe-clipping also sets the animal in a vulnerable
position of getting inflammation or infection (McCarthy & Parris, 2004).

Mark-recapture studies on amphibians have been conducted for numerous species in all
parts of the globe. According to Heyer et al. (1994) there are a number of marking
techniques that can facilitate mark-recapture studies. These include marking specimens
with colourful tags, fluorescent powders, heat branding, freeze branding, subcutaneous
polymer or pigment injections, toe clipping and micro-transponders. For decades the
standard operating procedure was toe clipping, and today it has been largely replaced by
pit-tagging. Toe clipping remains a controversial technique with some serious objections
against the method, particularly from animal rights groups. The development of passive
implanted transponders was a breakthrough as this technique allows for the permanent
marking of pets, valuable livestock, plants such as cycads and many more. Initially this was
an expensive technique but costs have diminished significantly and it has become viable to
use this in population studies. Pit-tags have been used in numerous studies on
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amphibians, especially anurans and salamanders. Jofré et al. (2005) made use of pit-tags
to determine, amongst other things, the position of frogs at a site (mark-recapture method).
Pope & Matthews (2001) also made use of pit-tags to determine the movement, ecology
and seasonal distribution of the yellow-legged frog in California. Currently pit-tags seem to
be the best option for the typical mark-recapture studies.

1.8. Study aims
Amietia quecketti is a species that is widespread and common throughout large parts of
southern Africa, but surprisingly very little is known about its behaviour. This, together with
the large population of Common River Frogs in the Botanical Garden of the North-West
University provided an opportunity to study this species over a period of more than one
year. The broad aim of this study was to provide information on the reproductive and
general biology of the Common River Frog.

Objectives:
1. Determine the population size of Common River Frogs in the Botanical Garden
and determine the stability of the population.
More than 120 frogs (since 2010) were marked using a subcutaneous micro-transponder
(pit-tag). For a period of a year on a two-weekly basis all frogs were screened. This
information provided accurate data on population size and longevity.

2. Determine migration patterns between different ponds and within ponds.
Screening all frogs and taking notes of exact positions provided accurate information from
which migration patterns could be inferred.

3. Study the spatial distribution and reproductive behaviour at one of the sites.
A detailed survey noting precise position and activities provided the information from which
we could develop a clear picture of the migration and seasonal reproductive activities of
frogs in the study site.
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2

Study Area, Materials & Methods

2.1. Study area
On 24 November 1982 the North-West University Botanical Gardens was opened to the
public for the first time by Dr. W.J. Louw. The Gardens span approximately 3 hectares and
are situated between the coordinates -26.680514 and -26.683518 latitude and 27.094487
and 27.095769 longitude. They are situated in a summer rainfall area with an average
rainfall of 767 mm. Temperatures vary between an average minimum of -10˚C in winter
and an average maximum of 28ºC in summer. The Garden was founded in order to provide
practical material for student training, facilitate students‟ research projects, help educate
the local community, assist with the conservation of rare and endangered species and
provide research opportunities for scientists.

Figure 2.1: Aerial photograph of the NorthWest University Botanical Gardens
(outlined with yellow) with adjacent hostels
to the South-West and the universities astro
hockey field to the South-East
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20 m
Figure 2.2: Diagram of the NWU Botanical Garden illustrating the water bodies
with their corresponding number
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The Botanical Garden consists of various thematic flower beds with lawns, shrubs and
trees. No less than 18 water bodies are scattered throughout the Garden varying from 1 m2
to 148 m2 (Fig. 2.2). Of these, 12 were used in this study. Detailed information of these
sites are provided in Table 2.1. Ponds 1, 3, 4, 6, 9, 10, 12, 13 and 14 as well as streams 2,
5 and 11 were used. The 12 water bodies used for fieldwork were drawn and divided into
different habitat types around the pond. All the ponds were used for the short-night
fieldwork (1h30min of fieldwork), to determine whether migration took place between the
ponds. The pond the frog was found at and the frog‟s position in the pond was noted. Pond
6 was studied in depth. For the purpose of long-night fieldwork (7h30min of fieldwork) it
was both drawn and a detailed diagram was also made (Fig. 2.8). The frog‟s position and
orientation in the pond as well as its behaviour and distance to the nearest other frog were
noted.

Figure 2.3: NWU Botanical Gardens
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Table 2.1: A description of each pond used:
N
o
1

Surface
area
(m2)
148 m2

Water
depth
(mm)
78
mm

Vegetation

Photo

Trees (50%):
Celtis africana, Acacia karoo;
Kiggelaria africana;Searcia
lancia; Olea europaea africana.

Shrubs (30%):
Buddleja salvifolia: Leucosidea
sericea; Melianthus comosus;
Thunbergia natalensis.

Forbes (98%):
Crinum bulbispermum; Dietes
bicolour; Orthosiphon labiatus;
Albuca sp; Zantedeschia
aethiopica; Equisetum sp; Salvia
repens; Senecio sp.; Hypoestes
aristata; Felicia erigeroides.

Water plants (45%):
Nymphaea nouchalii; Typha
capensis; Arundo donax; Berula
erecta.

2

37.5 m2

10
mm

Stream
Trees (70%):
Salix mucronata; Searsia
pyroides

Shrubs (15%):
Chondropetalum tectorum;
Rhamnus prinoides; Hypericum
revolutum; Myrsine africana

Forbes (98%):
Zantedeschia aethiopica; Berula
erecta; Kniphofia sp.; Crocosmia
aurea; Chlorophytum comosum.

Water plants (0%):

3

28.27
m2

38
mm

Trees (50%):
Salix mucronata; Searcia
pyroides.

Shrubs (20%):
Bauhinia galpinii, Dovyalis
caffra; Gymnosporia
heterophylla.

Forbes (70%):
Coix lacryma; Berula erecta;
Zantedeschia aethiopica;
Plectranthus sp.

Water plants (20%):
Nymphaea sp.
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4

9.42 m2

40
mm

Trees (100%):
Olea europaea africana; Searcia
lancia; Celtis africana;
Combretum erythrophyllum.

Shrubs (25%):
Gymnosporia heterophylla.

Forbes (40%):
Agapanthus sp.; Certomium
bifucatum; Dietes sp.;
Drimiopsis maxima;
Plectranthus sp.

Water plants (40%):
Cerotophylium demersum.

5

26 m2

10
mm

Stream
Trees (40%):
Combretum erythropyllum;
Searsia lancea.

Shrubs (40%):
Gomphostigma virgatum;
Indigophera nigramontana;
Leucosidea sericea; rhamnus
prinoides.

Forbes (80%):
Kniphofia sp.; Agaphantus sp.;
Senecia sp.; Hypoestes aristata.

Water plants (95%):
Veronica anagallis aquatic;
Juncus effesus; Typha capensis;
Persicria lapathifolia; Eleocharis
sp.

6

75.4 m2

1300
mm

Trees (55%):
Salix mucronata; Searcia
pyroides; Acacia karoo; Searcia
lancia; Olea europaea africana;
Celtis africana.

Shrubs (15%):
Hypericum revolutum; Freylinia
tropica; Rhamnus prinoides;
Gomphostigma virgatum.

Forbes (95%):
Geranium incanum; Arctotheca
calendula; Hypoxis
hemerocallidae; Kniphofia sp;
Salvia repens; Eucomus
autumnalis; Tulbachia violacea;
Crinum bulbispermum; Dierama
sp.

Water plants (10%):
Nymphaea nouchalii; Nymphaea
indica; Typha capensis; Juncus
effesus; Schoenoplectus
corymbosus; Plantago
longissima; Cyperus papyrus;
Persioria lapathifolia..
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9

14.14
m2

26
mm

Trees (80%):
Salix mucronata; Olea europea
africana.

Shrubs (5%):
Cassinopsis ilicifolia

Forbes (20%):
Scaoloxus puniceus;
Zantedeschia aethiopica.

Water plants (0%):

10

7.09 m2

29
mm

Trees (60%):
Searsia pyroides; Salix
mucronata; Celtis africana.

Shrubs (0%):
Forbes (80%):
Phygelius aequalis;
Zantedeschia aethiopica.

Water plants (0%):

11

7.2 m2

12
mm

Stream
Trees (15%):
Celtis africana; Searsia lancea.

Shrubs (10%):
Rhamnus prinoides; Halleria
lucida; Gomphostigma virgatum.

Forbes (60%):
Dietes bicolour; Zantedeschia
aethiopica; Arctotheca
calendula; Phygeluis aequalis;
Eucomus autumnalis; Scadoxus
puniceus.

Water plants (30%):
Plantago longissima; Nasturtium
officinale.
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12

31.42
m2

82
mm

Trees (50%):
Searsia lancea; Searsia
pyroides.

Shrubs (0%):
Forbes (60%):
Arthoteca calendula; Kniphofia
sp.; Berula erecta; Phygeluis
aequalis; Chlorophytum
comosus.

Water plants (60%):
Nymphaea sp. Pycreus
macranthus.

13

3.14 m2

38
mm

Trees (25%):
Celtis africana

Shrubs (0%):
Forbes (25%):
Magnolia sp; Berberis
thunbergii; Ranunculus repens.

Water plants (80%):
Nymphaea sp.; Ceratophylium
demersum.
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3.14 m2

58
mm

Trees (0%):
Shrubs (30%):
Cyperus papyrus; Anisodontea
jullii; Salix babylonica;
Gomphostigma virgatum.

Forbes (50%):
Bletilla striata; Coix lacryma.

Water plants (50%):
Nymphaea indica; Ceratophylum
demersum; Aponogeton
distachyos.

2.2. Material and Methods
2.2.1. Collecting of frogs
A. quecketti were quite easily spotted at night because of their reflective eyes. They usually
sat on the bank close to the water or in shallow water. Some individuals were observed
under vegetation, some under overhanging rocks between thick vegetation and even in a
tree trunk.
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When a frog was spotted with the aid of a flashlight, a member of the team moved closer
without disturbing the frog and swiftly grabbed it by hand. To minimize handling of the frog
and to prevent it from escaping, the specimen was immediately transferred to a transparent
plastic bag.

2.2.2. Sex, measurements & mass
Specimens were sexed based on the colouring of the gular region (Fig. 2.4) and the
presence of nuptial pads on the hands of breeding males. The sides of the gular region are
darkly coloured in males. Snout-vent length was determined using a vernier caliper. Frogs
were weighed using a Pesola scale.

Darkening along the jaw line

Nuptial pad on innermost finger

Figure 2.4: Ventral view of a male A. quecketti. Note the darkening along the jaw line and the
nuptial pads on the innermost fingers. Photo: LH Du Preez

2.2.3. Marking River frogs
Microtransponders (ID-100B Animal Implantable Transponder with Canula or also known
as pit-tags) were used to mark all frogs (Fig. 2.5). The tag is enclosed in a glass capsule
that is bio-compatible, the glass is sterilized and ready to use. This glass capsule is
individually packed in a disposable needle. With every transponder comes six adhesive
labels that show the identification number in a barcode format. The glass capsule
measures 12 X 2 mm. To read this pit-tag one has to have a handheld reader (scanner).
For this project we made use of the Real Trace (RT) 100 ISO Scanner (Trovan, 2009).
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A

B

Figure 2.5: A, ID-100B Animal Implantable Transponder with Canula;
B, Close up of the transponder (Pit-tag)

The pit-tag applicator was loaded with a pit-tag and then inserted subcutaneously on the
dorsal surface in the shoulder region of the frog. The incision hole was sealed with a small
drop of superglue to prevent bacterial infection. More than 120 individuals were marked
each with a uniquely numbered pit-tag.
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2.2.4. Scanning
A Real Trace 100 ISO hand-held scanner (Fig. 2.6) was used to scan the frogs. The
scanner was able to pick up the pit-tag at a distance of about 30 centimeters above the
frog. When scanning a frog the unique number appeared on the LCD screen and noted.
The scanner was attached to a telescopic monopod so as to not disturb the frog.

Figure 2.6: The Real Trace 100 ISO Scanner (http://www.ozmicrochips.com.au)

2.2.5. Bi-weekly monitoring
Fieldwork consisted of two nights of fieldwork every two weeks for a period of 12 months.
The two fieldwork nights are respectively referred to as the short- and long- night of
fieldwork. For the “short-night” the observations started at 20h00. We screened all 12 sites
carefully for any Common River Frogs. If a frog was spotted its position at the site was
noted on the A4 size drawings of that pond and then scanned for its individual number that
was subsequently noted. Whenever an untagged frog was found it was captured,
measured, weighed and a pit-tag was implanted. This was also done on the “long-night”
when an untagged frog was found. On average it took two to three hours to screen all the
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sites.
The “long-night” fieldwork focused on Pond 6. At the onset of the study a 1X1 m grid was
marked out to map the pond and surroundings. Markers were placed in the ground to
indicate the number of each grid cell. On the y-axis cells were numbered 1–27 and along
the x-axis letters AA–O. A specific grid cell thus had a unique number of say D14. For this
in-depth study, a detailed drawing of the site with a grid over it was developed (Fig. 2.8).
On this drawing, all the extra detail around the site was noted (next paragraph). This grid
ensured that the exact positions of frogs could be noted. The long-night fieldwork involved
a frog survey every 90 minutes. Surveys were undertaken at 19h15, 20h45, 22h15, 23h45,
01h15 and 02h45. A survey had a duration of about 15-20 min. Each survey involved
working around the pond, scanning all the frogs, noting exactly where they sit, which
direction they face (orientation), the distance to the nearest other frog (it was noted
whether the closest species to Amietia was another Amietia or another species for example
Amietophrynus), and whether it was calling. Calling was measured on a scale of 1–5 call
intensity, 1 is awarded to a frog when the frog is calling sporadically (low intensity) and 5
when it is calling persistently (high intensity) or not. The three main activities that were
focused on, because they were recorded the most, were Stationary Non-vocal, Drifting
Non-vocal and Calling. The moon phase on the evening of fieldwork was also noted, and
the fullness of the moon was divided into classes 1: 1–10% full; 2: 11–20%; 3: 21–30%; 4:
31–40%; 5: 41–50%; 6: 51–60%; 7: 61–70%; 8: 71–80%; 9: 81–90% and 10: 91–100% full
moon. No fieldwork was conducted on evenings with a moon between 11–20 and 31–40%
full.

A small, ornamental elevated brick-walled water feature is situated in quadrant AA17 next
to Pond 6 (Fig. 2.7). In the diagram that presents Pond 6 (Fig 2.8) the inlet is situated at
quadrant L6, with the stream outflow starting at C22. The grey shapes indicate rocks of
different sizes. The grey objects between J22 and O20 indicate a rocky footpath. The
brown shapes indicate trees. The brown area between A12–16 and C12–16 represents a
wooden deck. The green rectangles represent benches next to the pond. In quadrants B4
and F4–H3 the objects represent vegetation.
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The grid diagram was drawn at the onset of the study. At the time, the ornamental pond
was not included as part of the study and was only added later. In order to avoid confusion
and to avoid having to move markers, an additional column was subsequently assigned,
hence AA.

Figure 2.7: Small ornamental elevated brick-walled water feature in quadrant AA17
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Figure 2.8: Pond 6 with the grid overlay used for the long-night fieldwork
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2.2.6. Temperature readings and rainfall measurements
I-Buttons (Fig. 2.9) were used to determine the temperatures at two points in the Garden.
These are 6 mm thick computer chips that are enclosed in a stainless steel can. This “can”
is used as an electronic communications interface. Each can has a ground contact called
the „base‟ and a data contact that is called the „lid‟. Each one of these contacts is
connected to the silicon chip inside. These data loggers can withstand harsh environments
and can be programmed and re-used for several years. The temperature logger is called
Thermochron. These loggers can log temperatures to also ensure process and/or
environmental compliance. Hygrochron is used to determine temperature as well as
humidity. This adds embedded humidity sensing to the temperature–logging capability of
the Thermochron device. The Hygrochron data logger reports on both temperature and
humidity data as a function of time (Maxim, 2011).

Figure 2.9: I-Button with its relative thickness and width (http://www.alphamach.com)

I-buttons are approximately as big as a twenty cent and half a centimeter thick. They were
programmed to take a temperature and humidity reading every hour for a full year. One Ibutton that only measured temperature was placed near Pond 1 under a thatched roof, the
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second that logged temperature and humidity was placed at Pond 9. Every six months the
I-buttons were retrieved to offload their data. The average monthly maximum and minimum
temperatures as well as rainfall measurements for ten-years were obtained from the South
African Weather Services for the city of Potchefstroom. The daily rainfall for Potchefstroom
was given by Professor Willie van Aardt that recorded the measurements at his home
approximately 1 km from the NWU Botanical Garden.

2.2.7. Call recordings and call analysis
Directional recordings were made using a Nagra RSML digital recorder that was fitted with
a Sennheiser M6 directional microphone. For stability and noise reduction the microphone
was fitted with a pistol grip and a windsock (Rycote softie). All recordings were made at
Pond 6. To produce spectrograms the program Audacity was used. For the directional
recording the microphone was held at a distance of about 30 cm from the frog (in front of
the frog). These recordings were used to determine the call duration; bout duration (the
time from when one call bout ended till the next call bout starts); pulse number; inter-pulse
interval; whine duration; call composition; dominant frequency and mean frequency. The
duration of each recording is different, depending on the frog‟s call intensity.

2.2.8. Statistical analysis
Statistical analyses were performed by Statistical Consultation Services at the Statistics
Department of the North-West University of Potchefstroom. Because of the complexity of
the data and because some frogs were encountered repeatedly the SAS, PROC
SURVEYFREQ statistical software was used. They also performed hierarchical linear
modeling. With traditional statistical analysis it is assumed that observations are
independent from each other thus showing that the subjects‟ responses are not correlated.
This can only be reasonable if the data sampled was randomly done from a big population.
But when sampled from the same population the responses will be related.

This is why the department of statistical analyses made use of the hierarchical linear
modeling as it helps a researcher to make a model that represents the non-independence.
Using this multi-level analysis helps the researcher to indicate the relatedness between
different observations within the same cluster. This also gives a correct estimate of the
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standard errors. This multi-level analyses also helps to interprit the information in the
cluster samples. This information then helps to describe the between- and within- cluster
variability of an outcome variable of interest (Hancock & Mueller, 2010). Other analyses
were made by Microsoft Excell and SPSS (Statistical Product and Service Solutions).
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3

Results

3.1. Environmental conditions:
3.1.1. Temperature
Over the study period of one year (February 2011–January 2012) the temperature profile
followed a typical pattern for the central highveld. The highest monthly temperatures were
recorded in January 2012 and the lowest in July 2011 (Fig. 3.1). Maximum temperatures
for 2011–2012 followed the trend of the average maximum temperatures over the previous
ten-years (2002–2012) (Fig. 3.1) but throughout the year the temperatures were 5 oC lower
on average. The minimum temperatures also followed the ten-year trend for minimum
monthly temperatures, but the minimum temperatures for 2011–2012 were 5°C warmer, on
average, than the ten-year mean (Fig. 3.1).
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Figure 3.1: The minimum and maximum temperature readings recorded throughout
the year of fieldwork as well as the ten-year means
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3.1.2. Rainfall
The study period was wetter than a normal year. The highest recorded rainfall during the
study period was measured for the months of February and November 2011. Autumn and
early winter was particularly wet, and rainfall figures were much higher than the ten-year
mean (Fig. 3.2). In July, August and September no rainfall was recorded. March 2011 and
January 2012 are the only two months that correlate with the ten-year rainfall tendency.
February, April, May, June, October and November experienced more rain than the
average rainfall recorded over ten-years (Fig. 3.2).
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Figure 3.2: Rainfall figures for the study site for the period February 2011 – January 2012
compared to the ten-year mean

3.2. Frog species community
The Common River Frog (A. quecketti) and the Clawed Frog (X. laevis) were present
throughout the study period. The Guttural Toad (Amietophrynus gutturalis) and the
Raucous Toad (A. rangeri) were recorded sporadically from August till January, while the
Striped Stream Frog (Strongylopus fasciatus) was heard during May, June and July, but
not recorded (Table 3.1).
The Amietophrynus sp. inter-acted the most with A. quecketti. The Amietophrynus sp.
overpowered Amietia when they started calling. It was also recorded that Amietophrynus
would jump an Amietia off of its holding.
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Table 3.1: Frog species recorded at Pond 6 during the study period. (Species key:
A. q, Amietia quecketti; A. g, Amietophrynus gutturalis; A. r, Amietophrynus rangeri;
S. f, Strongylopus fasciatus; X. l, Xenopus laevis).
Species

Jan

Feb

Mar

Apr

May

Jun

July

Aug

Sep

Oct

Nov

Dec

A. g
A. r
A. q
S. f
X. l

3.3. Amietia quecketti seasonal distribution
3.3.1. Frog numbers recorded
The number of individual recorded A. quecketti in the Botanical Garden was calculated per
month. Between February and March 2011 the total number of male frogs recorded
increased. In May fewer males were recorded, but from June the numbers gradually
increased, and reached a maximum in September. The numbers declined between
November to December 2011. The numbers gradually rose again in January 2012 (Fig.
3.3).

Throughout the period of the study, female numbers were fairly low. In February 2011 only
five females were recorded throughout the Garden. These numbers increased during
March but declined in April. No females were recorded in May 2011. In June and July the
numbers of females increased after which a slight decrease was recorded in August.
September 2011 showed an increase in female numbers. In October, November and
December the numbers decreased. The numbers gradually started to rise again in January
2012 (Fig. 3.3).

Of the number of marked frogs recorded in the Botanical Garden, 29% were sighted at
Pond 1, 25% at Pond 6, 8% at Pond 3 and 7% at Pond 4 (Fig. 3.4). The remainder of the
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figures varied between 3% and 7%. Ponds 1 and 6 account for 54% of the A. quecketti
population in the Botanical Garden. A plot of the numbers of marked frogs collected at both
these sites revealed that a similar pattern occurred, except in February 2011 when more
frogs were encountered at Pond 6 (Fig 3.5).
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Figure 3.3: Number of individual male and female frogs of A. quecketti recorded
throughout the Botanical Garden (12 ponds)
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Figure 3.4: Pie chart showing the percentages of frogs recorded
at the specific ponds
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Figure 3.5:

Number of marked A. quecketti collected at Ponds 1 and 6

Individual marking of frogs through the use of pit tags enabled us to do population
estimates. Based on the number of marked frog recaptures, only estimates for Pond 1 and
Pond 6 were calculated. At Pond 1, the mean population estimate was 209 individuals, with
a maximum of 414 and a minimum of 92 individuals. Pond 6 gave a mean population
estimate of 66 individuals, with a maximum of 114 and a minimum of 37 individuals.

Pond 6
From February to April 2011, an increase in the number of marked males was recorded for
Pond 6. Numbers declined for the months of May and June, and then steadily increased to
reach a maximum of 14 in September. In November the numbers decreased slightly, and a
rapid decrease was recorded for December when only four males were recorded. In
January 2012 six male frogs were recorded (Fig. 3.6).

The number of females gradually declined from 14 frogs in February to two frogs in May
2011. From June onwards the numbers remained low, and only started increasing in
January 2012 (Fig. 3.6).
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Figure 3.6: Numbers of marked male and female frogs recorded at Pond 6

3.3.2. Seasonal activity and spatial orientation at Pond 6 (long-night data)
The cumulative numbers for frogs in the summer months (December–February) showed
that males and females were approximately equal, and were scattered around the pond,
including the ornamental pond to the NNE of Pond 6 (Fig. 3.7).
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months

Figure 3.7: Diagram showing the marked male and female distribution of A. quecketti at Pond 6 for
the summer months (December–February)

During the summer months the biggest concentration of frogs per surface area was found
at the ornamental pond NNE (Fig. 3.8).
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Figure 3.8: Kernel density distribution for marked A. quecketti at Pond 6
during the summer months of December–February

During autumn, (March–May) most frogs moved out of the water and onto the pond's
edges. Some males moved to the outlet of the pond (north east). Males also gathered at
the ornamental pond (NNE). Approximately the same number of males and females were
recorded around the pond (Figs. 3.9 & 3.10).
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months

Figure 3.9: Diagram showing the marked male and female distribution of A.quecketti at Pond 6 for
the autumn months (March–May)
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Figure 3.10: Kernel density distribution for marked A. quecketti at Pond 6
during the autumn months (March–May)

During the winter months only one male remained at the back stream (north east). A
concentration of males remained at the ornamental pond (NNE). Males were also scattered
around the pond and some were recorded inside the pond, close to the pond's edge.
Fewer females were recorded during winter, and females were only seen on the SSW side
of the pond's edges. Two females were recorded at the ornamental pond (Figs. 3.11 &
3.12).
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months

Figure 3.11: Diagram showing the marked male and female distribution of A. quecketti at Pond 6 for
the winter months (June–August)
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Figure 3.12: Kernel density distribution for marked A. quecketti at Pond 6
during the winter months (June–August)

During the months of spring (September–November), fewer frogs were recorded at the
ornamental pond (NNE). Males were scattered around the pond's edges. Only a few
females were present, and were encountered on the south & south western sides of the
pond (Figs. 3.13 & 3.14).
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months

Figure 3.13: Diagram showing the marked male and female distribution of A. quecketti at Pond 6 for
the spring months (September–November)
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Figure 3.14: Kernel density distribution of marked A. quecketti at Pond 6
during the spring months (September–November)

3.4. Observation frequency at Pond 6
In order to develop an understanding of A. quecketti migration and holding of territories we
carefully followed individual frogs that were recorded frequently. During the study period,
24 detailed observations were made at Pond 6. Twenty six marked frogs were seen once.
Ten frogs were seen on four of the 24 fieldwork nights. Some individuals were encountered
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frequently, and in the course of the 24 fieldwork sessions individuals were recorded 14, 15
and even 19 times (Fig. 3.15).
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Figure 3.15: The number of times individual specimens were encountered

With each fieldwork night at Pond 6, six observations were made between 19h00 and
03h00. Over the 24 observation nights this yielded 144 times that the pond was thoroughly
searched. The number of times a specific frog was recorded is presented in Figure 3.16.
Most frogs (37) were recorded less than 11 times, 15 frogs 11–20 times, 4 frogs 21–30
times, 3 frogs 31–40 times, 3 frogs 41–50 times, 3 frogs 51–60 times, 1 frog 61–70 times
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Figure 3.16: The number of times frogs were recorded
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and 2 frogs 71–80 times (Fig. 3.16).

As there is a clear division between frogs that were observed only once (26), and frogs
observed more than five times (22) (Fig. 3.15), a decision was made to compare the two
groups against different variables. Surveyfreq and Mixed Model Analysis was used to
compare the two groups. Group 1: frogs that were observed only once and Group 5+: frogs
that were observed five times or more. Distance between frogs was compared between the
two groups. This had no statistical significance with a p=0.183. When the mass of the frogs
between the two groups were compared it showed statistical significance (p=0.035). Group
1 frogs weighed significantly more than the individuals from Group 5+ (almost 2 grams
heavier). The male:female ratio between the two groups showed that Group 1 had more
females than Group 5. The orientation between the two groups had no statistical
significance (p=0.7326). The activities of the two groups were compared. Group 5+ showed
more activity than Group 1 which sat or drifted with no calling.

3.5. Movement of frogs within Pond 6
Although some individuals were encountered frequently at a specific position, frogs did
move around. In order to develop a better understanding of whether frogs move around in
a pond, the detailed movements of the four most frequently encountered specimens were
plotted (Figs. 3.17–3.20).
Frog number 2333566 was a male, and was recorded 19 out of a possible 24 fieldwork
sessions (Figs. 3.15 &3.17). Frog number 2309160 (male) was recorded 15 times (Fig.
3.18), frog number 2337002 (male) was recorded 14 times (Fig. 3.19) and frog number
2238191 (male) was recorded 12 times (Fig. 3.20). The red arrows on the diagrams
indicate the movement of individual frogs. The “B” (beginning) indicates the quadrant
where the frog was found on the first evening, and where it was pit-tagged. The arrows
follow on each other consecutively showing the movement, with the “E” referring to the end
position, the last quadrant where the frog was recorded when the study was terminated.
Frog 2333566 spent most of its time in and around quadrant AA17. This quadrant contains
the ornamental pond (a human-built pond, about 0,6 m above the ground). The frog was
found at quadrant AA17 for the first time on 24 February 2011, and was also found there
on 15 March and 7 April. On 20 April the frog was at quadrant AA26. On 12 May the frog
moved back to AA17. On 29 August it was recorded at quadrant AA27. On 12 September
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the frog had moved to quadrant E22. On 27 September it was found at quadrant L18. On
that same evening it was found at quadrant D21. On 12 October and 25 October it was
found at quadrant E23. On 14 and 29 November it was again found at AA17. The last date
this frog was recorded, it was found at quadrant B9 on 12 December 2011 (Fig. 3.17).

Frog 2309160 was pit-tagged at quadrant D19 on 24 February 2011. On 24 March the frog
was recorded in quadrant A26. On 20 April it was recorded in quadrant AA27. It was seen
at quadrant L12 on 21 July. On 15 August it was found at quadrant L13, and was also seen
at M13 later that evening. The frog stayed in this area until it was recorded at quadrants
H21, K20 and F21 on 14 November. On 12 December it had returned to quadrant L12. On
29 December the frog had again moved to quadrant J14, and in January 2012 it was
recorded at L14 and I13 (Fig. 3.18).

Frog 2238191 was pit tagged at quadrant C9 on 24 March 2011. On the same evening it
was also recorded at quadrants D7 and D8. On 29 April it was recorded at a number of
different quadrants: AA27, D22 and AA17 (ornamental pond). From 29 April till the
beginning of June it was recorded at quadrant AA17. On 10 June it was recorded at
quadrant J21 and K20, but on the 23rd of June it returned to AA17. On 5 July it was
recorded at E23. On 21 July it was recorded at J20. On 15 August it was recorded at
quadrants L12, M17 and L15. On 29 August the frog was recorded at D23 and E24. On 13
September it was found at quadrant D14. On 27 September it was found in quadrants L13,
M14, M16 and E14 (Fig. 3.19).

Frog 2337002 was found at quadrant AA25 for the first time on 20 April 2011 and, on the
same evening, also at AA26 and D22. On 10 June it was found at quadrants I5 and J7. On
23 June it was at I4, and on 5 July at L20. On 21 July it was recorded at J3 and I3, and it
stayed in this area, but on 15 August it was found at J4, and on 29 August at K4 and H3.
On 13 September it was still at H3. On 27 September it was recorded at quadrants M9; M8,
L7 and H3. On 11 October it was found in quadrants I3 and J3, and on 25 October it was
found in quadrants L10 and M9. On 14 November the frog was recorded at quadrants E22,
D21 and D22. On 29 November it was recorded at J3I. It was last seen at quadrant K8 on
25 January 2012 (Fig. 3.20).
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Figure 3.17: Diagrammatic drawing of Pond 6 indicating movement of frog 2333566
between February 2011 and January 2012
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Figure 3.18: Diagrammatic drawing of Pond 6 indicating movement of frog 2309160
between February 2011 and January 2012
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Figure 3.19: Diagrammatic drawing of Pond 6 indicating movement of frog 2238191
between February 2011 and January 2012
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Figure 3.20: Diagrammatic drawing of Pond 6 indicating movement of frog 2337002
between February 2011 and January 2012
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3.6. Movement between ponds in the Garden (May 2010–January 2012)
Movement to and from Pond 6 was monitored. Very few events of inter-pond movement
were recorded. On 5 May 2010 a male previously from Pond 1 was recorded at Pond 6. On
27 July 2010 a male from site 5 was recorded at Pond 6. Two males and one female from
pond 3 were recorded at Pond 6 on 27 July 2010. On 18 August 2010 a juvenile, previously
from Pond 4, was recorded at Pond 6. Another juvenile, previously from pond 3, was
recorded at Pond 6 on 18 August 2010. A female from Pond 6 was recorded at Pond 12 on
19 January 2011. A male from Pond 6 was recorded at pond 3 on 9 August 2011. A male,
first recorded at Pond 6, moved a number of times. It was recorded at Pond 11 on 24
October 2011, then again at Pond 6 on 28 November 2011 and at Pond 4 on 29 December
2011.

3.7. Analysis of frog activity
At each observation event, observations were made of the activity of an individual frog. An
initial list of 10 activities was reduced to three, namely Stationary Non-vocal, Drifting Nonvocal and Calling. We also noted call type, distance to the next nearest frog and the frogs
orientation. Data was statistically analysed and is presented here.

3.7.1. Activity versus time of evening
All three types of activities recorded had low frequencies in the early evening. Calling
slowly increased as the evening progressed and reached a peak at 01:15am. The
percentage of frogs that sat non-vocal was not statistically different between any time
interval. Drifting non-vocal increased slightly, and then stayed stable except towards
midnight when a peak in calling activity was observed (Fig. 3.21).

Program SPSS was used, and the Tukey HSD Post Hoc test for multiple comparisons was
done to determine if there was any statistical significance between the activities. Only
calling showed a statistical significance value of p < 0.05 against time at time interval
01:15.
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Figure 3.21: Bar graph indicating the percentage distribution of activities
through a night of observations

When the data are presented on a 100% bar graph (Fig.3.22) the majority of time was
spent stationary non-vocal on the bank or drifting non-vocal in the water.
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Figure 3.22: 100% bar graph indicating the distribution of time spent on the
different activities through a night of observations
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3.7.2. Activity versus season
Frog activity is displayed in Figs 3.23 and 3.24. During summer the stationary position was
the dominant activity, as well as in autumn. During winter and spring, stationary non-vocal
was the activity that occurred the least. Drifting non-vocal increased only a small fraction in
summer, increased more in autumn and in winter, and reached a maximum during spring.
No calling was observed during summer. The first calls were recorded in autumn. They
increased in winter and continued to be the most recorded activity in spring (Fig. 3.23).

A cross tabulation of the Pearson Chi-Square test was used to determine statistical
significance. Frogs called significantly more (p < 0.01) in winter and spring than in summer
and autumn. The frogs sat significantly more in autumn than in summer and winter. Frogs
drifted significantly more during spring than in summer or autumn (p < 0.01).
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Figure 3.23: Bar graph indicating the average distribution of activities
as recorded in different seasons
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Figure 3.24: Bar graph indication of the percentage of time spent on
the different activities through a night of observations

3.7.3. Activity versus moon phase
Moon phase did not seem to have an impact on whether frogs were stationary non-vocal or
drifting non-vocal, but an increase in activity, especially calling, was observed during the
full moon and new moon phases (Figs. 3.25 & 3.26).
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Figure 3.25: The relationship between the different activities at different moon phases where 1
represents full moon and 10: new moon
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Figure 3.26: The proportion of each activity at different moonphases

3.8. Frog activity and spatial orientation:
3.8.1. Distance to nearest frog
Stationary non-vocal Amietia individuals maintained an average distance of approximately
2.5 m between individuals. Drifting non-vocal, frogs came closer to one another, with an
average distance of 1.3 m. The average distance between individuals when calling was 2
m (Fig. 3.27).
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Figure 3.27: Average distance to the nearest frog per activity. Standard deviation is indicated.
(N=1088)

For stationary non-vocal, the distance between two individuals varied from 2.4 m in autumn
to 3.0 m in winter (Fig 3.28). The Pearson Chi-Square test showed that the distance
between Amietia individuals, while they sat, had a statistical significance for the winter
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months relative to the other months (p < 0.01).
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Figure 3.28: Average distance to the nearest frog for frogs stationary non-vocal.
Standard deviation is indicated. (N=1088)
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When drifting non-vocal, a clear difference in the distance between frogs was recorded. In
summer frogs maintained an average distance of 7.8 m from each other. In autumn the
inter-specimen distance was, on average, 2.3 m. In winter it was 0.9 m. In spring it was 1.1
m (Fig. 3.29). The distance between Amietia individuals while drifting non-vocal during
summer was significantly greater in comparison to all the other seasons (p < 0.01).
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Figure 3.29: Average distance to the nearest frog for frogs drifting non-vocal in the water.
Standard deviation is indicated. (N=1088)

In summer no frogs were observed calling. In winter and spring, when calling peaked, frogs
maintained the furthest inter-specimen distance of 2.5 m for winter and 1.6 m for spring.
The distances between Amietia individuals, while calling, were significantly greater during
winter than in autumn (p < 0.01) (Fig. 3.30).
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Figure 3.30: Average distance to the nearest frog for calling specimens of Amietia.
Standard deviation is indicated. (N=1088)
3.9. Nearest frog – Other species
Throughout the study period, Amietia shared the habitat with Xenopus, and during spring
and summer with Amietophrynus. We were not able to observe the distance between
Amietia and Xenopus and no interaction between the two species were recorded. The
average distance between Amietia and Amietophrynus was 1.9 m when Amietia was
stationary non-vocal, 1.6 m when calling and 0.8 m when drifting non-vocal (Fig. 3.31).
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Figure 3.31: The average distance between Amietia (while performing different activities) and
Amietophrynus sp throughout the year. Standard deviation is indicated (N=23)
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In summer the Amietophrynus, sharing ponds with Amietia, kept their distance to almost 10
m. In autumn no interactions with Amietia and any other species were recorded while
Amietia was stationary non-vocal. During winter and spring the other species moved closer
to where Amietia was stationary non-vocal, to approximately 1.2 m and 1.1 m respectively
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(Fig. 3.32).
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Figure 3.32: The average distance per season between Amietia and Amietophrynus while stationary
non-vocal. Standard deviation is indicated (N=23)

No other species were recorded close to Amietia while drifting non-vocal during summer,
autumn or winter. During spring, Amietophrynus were recorded in close proximity to
Amietia (average 0.73 m) (Fig. 3.33).
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Figure 3.33: The average distance per season between Amietia and Amietophrynus while drifting
non-vocal. Standard deviation is indicated (N=23)

While Amietia was calling, the closest other species to it was at an average distance of
1.47 m during winter. No interactions with other species were recorded during summer,
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autumn and spring while Amietia was calling (Fig. 3.34).
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Figure 3.34: The average distance per season between Amietia and Amietophrynus while calling.
Standard deviation is indicated (N=23)
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3.10. Vocal communication
3.10.1. Call structure
Amietia has a complex call structure consisting of two different types of calls, namely a
rapid series of up to seven short “kik-kik-kik-kik-kik-“ clicks, referred to as the chuck and a
shorter “keroip” croak referred to as the whine. The two calls were frequently produced in
combination as a chuck followed by a whine. This combination call is referred to as the
chuck-whine. At times only the chucks were heard, at other times, the combination, and
sometimes just the whine. Spectrograms of the two calls is presented in Fig. 3.35. This
specific (individual) Amietia call consisted of five chucks and one whine call. Figure 3.35A
shows the amplitude. Figure 3.35B shows the frequency. The chuck and the whine call
reach an amplitude of plus minus 0.2Pa. The calls frequencies reached up to 5kHz.
Combination

A

B

Chuck

Whine

Chuck

Whine

Combination

Figure 3.35: Spectograms of the A. quecketti calls showing the two different types of
call that are often produced in combination

3.10.2. Call duration
The chuck call had a maximum duration of 1128 ms, a minimum of 194 ms and a median
of 536 ms. The whine call‟s minimum duration was 252 ms and its maximum duration 1630
63

ms, with a median of 955 ms. The combination call had a minimum duration of 1016 ms, a
maximum of 2508 ms and a median of 1319 ms (Fig. 3.36). (The whiskers indicate the

Combination

minimum and maximum duration and the boxes indicate the lower and higher quartile).
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Figure 3.36: Box and whiskers plot indicating the call durations for the different types of calls
(Y-axis). The boxes indicate the lower quartile (dark grey) and the higher quartile (light grey).
(N=3)

3.10.3. Call intensity related to different mass classes
Male Amietia were divided into different mass classes: 5.1–10g, 10.1–15g, 15.1–20g,
20.1–25g, 25.1–30g and 30.1–40g. When a male was observed calling, the intensity it was
calling at was recorded on a scale of 1–5 (1: low call intensity and 5 a high call intensity).
No males between the mass of 30.1–35g were pit-tagged (Fig. 3.37). The smaller and the
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larger males reached a maximum call intensity of 2. The males at the middle of the mass
scale all reached a maximum call intensity of 3.
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Figure 3.37: Bar graph indicating call intensity per mass classes

3.10.4. Male orientation when calling
When males were calling they faced in one of three approximate directions. They either
oriented towards the water, away from the water or parallel with the water.

Figs 3.38–3.40 represents the orientation males adopted while calling, per season at
different time intervals.

In autumn the frogs only called in the middle of the evening (first time interval) or early
morning (Fig. 3.38). During this time, the frogs were oriented away from the water,
especially at 01:15. The other two directions were faced more or less equally.
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Fig. 3.38: The percentage of different orientation while calling
in autumn at different time intervals

During winter, the majority of frogs faced towards the water when they called at all time
intervals (Fig. 3.39). The frogs also looked away from the water while calling, but called
least when oriented parallel to the water.
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Fig. 3.39: The percentage of different orientation while calling
in winter at different time intervals
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During spring all the frogs recorded were oriented towards the water when calling during
early evening (Fig. 3.40). This direction decreased as evenings progressed. Orienting
parallel to the water while calling increased during spring, especially at 22:15. Facing away
from the water was also observed, but was observed less than facing the water parallel.
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Fig. 3.40: The percentage of different orientation while calling
in spring at different time intervals

3.10.5. Male call sites
Throughout the year, there were seven males that were observed calling more than once.
The positions they were calling at were closely monitored, and observations indicated that
these males preferred to stay in the same area when calling. The areas of preferred calling
are represented in Fig. 3.41. The male‟s number and area of call preference is colour coordinated. No amplecting pairs were recorded, but tadpoles were recorded in several
ponds, including Pond 6, indicating that frogs did breed successfully. Tadpoles were
collected from the Botanical Garden and positively identified as A. quecketti.
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Figure 3.41: Male call preference sites

Referring to Figs 3.15 & 3.41, the males with the identity numbers of 2244828, 2309160,
2337002, 2234544 and 2334924 were recorded frequently and they each occupied a
calling site. They were recorded 11, 15, 14, 9 and 11 fieldwork evenings respectively. The
other two males that are represented in Fig. 3.41 were only pit-tagged in April and August
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2011. 2237758 was recorded 5 times and 2243738 was recorded 6 times. Frog number
2243738 was pit-tagged in April 2011 and then was not sighted until August (the breeding
season) when he returned to his calling site. Frog 2237758 was only pit tagged in August
2011 in time for the breeding season. These two males were respectively 17 g and 21 g
with a SVL of more than 50 mm. Other males that were regularly identified at their calling
sites were also above 22 g and had a SVL of over 50 mm. Throughout the breeding
season the males in Fig 3.41 had an average call intensity of 3, except for individual
2337002 which had an average intensity of 2.

If compared with males that did not have a specific calling site but were also recorded
calling; number 2333566 (mass: 16 g) had an intensity of 2 and 2243593 (mass: 16 g) an
intensity of 3.

Nothing indicated out that call site occupants should be unique, but still they had their own
calling sites, indicating that these males might have been resident males. If the size of the
males had something to do with it, further studies would need to be conducted to see
whether the bigger males‟ calls reach higher frequencies and a bigger SPL (Sound
Pressure Level) that can maybe clarify the reason for territories.
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4

Discussion & Conclusion

4.1. Frogs around us
The global concern regarding amphibian declines sparked a wave of interest in this taxon.
There was a 60% increase in the number of recognized species since 1985 (Frost, 2013).
Köhler et al. (2008) stated that if the current rate of species descriptions is maintained, the
number of amphibian species might reach 12,000 within the next five decades. Locally
occasional die-offs have been reported (Weldon & Du Preez, 2004), but to the best of
knowledge there were no mass mortalities in any part of the region (South Africa). The
amphibian chytrid fungus, that is widely distributed in southern Africa, does not seem to
have a catastrophic impact on our frog populations (Tarrant et al. 2013). This however
does not mean that we can become complacent. There is a serious need for long-term
monitoring and for basic behavioural and ecological studies on a wide range of species.
The present study focused on one of the most widely distributed and often encountered
frog species in South Africa.

4.2.

Environmental conditions

Temperature and rainfall are the two environmental aspects that probably have the biggest
influence on the distribution and activity of amphibians (Pounds & Crump, 1994). The
average environmental temperatures at the study site was more moderate than the tenyear mean. The mean maximum temperatures were on average 5˚C lower than the
recorded ten-year mean while the average minimum temperatures were on average 5˚C
warmer than the ten-year mean for Potchefstroom. This could be the result of an
inaccurate I-button. It could possibly also be that the I-button was placed under a thatched
roof some 60 meters from Pond 6 to protect it against the elements and from being stolen
which would have been a greater possibility if placed within sight at Pond 6. During late
summer and mid autumn of the year 2011–2012 the measured rainfall exceeded the tenyear mean. December 2011–2012 was a dry month while autumn was wetter than usual.
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During winter no rain was recorded for the year 2011–2012 while the ten-year mean
showed some rain. The winter of 2011 was thus drier in comparison to the preceeding tenyears. The spring of 2011–2012 also showed higher rainfall than the ten-year mean. Late
spring was thus wetter than the previous ten-years.

4.3. Frog species community
Twelve species of frog can be found in and around Potchefstroom, namely Amietophrynus
gutturalis, A. poweri and A. rangeri, Schismaderma carens, Kassina senegalensis,
Phrynobatrachus natalensis, Xenopus laevis, Cacosternum boettgeri, Amietia quecketti, A.
fuscigula, Pyxicephalus adspersus, Strongylopus fasciatus and Tomopterna cryptotis. In
the present study we encountered Amietophrynus gutturalis, A. rangeri, Xenopus laevis
and Amietia quecketti. Although S. carens are common in the hilly area surrounding
Potchefstroom it has not been seen inside the city during the past decade. This is also true
for K. senegalensis, A. poyntoni and P. natalensis. A. poweri and C. boettgeri which are
common in the city but were not found in the Botanical Garden. Pyxicephalus adspersus
used to be fairly common in open areas in and around Potchefstroom but due to
urbanization are nowadays very rarely encountered. Strongylopus fasciatus was heard
from a seepage area within the Garden. A. quecketti is a winter and spring breeder and
does not hibernate like the Amietophrynus species. Amietophrynus rangeri and A.
gutturalis only emerged when temperatures started to rise by the end of August in time for
their breeding season. The Amietophrynus species thus became active in the middle of A.
quecketti’ breeding season. Amietophrynus‟ calls are over-powering in relation to Amietia‟s
call.

4.4. Male:female ratio and seasonal fluctuation
For both Pond 6 and the Botanical Garden as a whole the male:female ratio was close to a
1:1 for the summer months of December–April. For the rest of the year the ratio favored
males by far. This skewed ratio peaked in September, which also happened to be the
month of peak calling activity. Females either went into hiding, or were predated or moved
away from the observed areas in the Botanical Garden as the year progressed. No
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evidence of mass movement was recorded. Which suggests that frogs probably went into
hiding in the vicinity of the respective sites.

At Pond 1 there were three females that disappeared after respectively eight, nine and 11
months, before returning to Pond 1. Female number 2245857 was pit-tagged in May 2010,
and only returned in January 2011. Female 2242747 was pit-tagged in May 2010 and was
only recorded again in April 2011. Female 2225605 was also pit-tagged in May 2010 and
disappeared until August 2010, then disappeared again from September 2010 till June
2011 and again from July 2011 till October 2011.

The same happened at Pond 3, where four females disappeared and later returned.
Female number 2241384 was tagged at Pond 3 in May 2010, but was only recorded at
Pond 6 during July 2010. Female 2239501 was tagged in May 2010 and only returned to
Pond 3 in March 2011. Female 2330016 was tagged in May 2010 and then disappeared
until January 2011 where she was recorded back at Pond 3. Female 2342640 was tagged
in May 2010 at Pond 3 and only recorded again in August 2010 at Pond 12.

It would appear that females have a specific breeding pond they return to every year. In
Pond 4 there were two males that disappeared. Male 2241516 was tagged at Pond 4 in
May 2010 and was recorded there again in August 2010 and January 2011. Male 2343287
was tagged in May 2010 and was only intermittently encountered in August 2010, March
2011 and June 2011. Likewise in Pond 6 the number of females declined as the year
progressed, especially during their breeding season.

Other studies also reported that the number of amphibian females decreased as their
research progressed over the years. Raymond & Hardy (1990) studied the demography of
salamanders in Louisiana. They observed a sex ratio of 1:1 between males and females,
but after that the ratio shifted to males (Raymond & Hardy, 1990). Bastos & Haddad (1996)
also documented a male-biased ratio, with about ten males for every female, as did Liao &
Lu (2009) who observed a 1.8:1 male-biased ratio while working on Bufo gargarizans. Lips
(1998) did a study on Amphibian decline and observed that male Atelopus chiriquiensis
were easier to find alongside mountain streams than females. Females were mostly
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observed only when in amplexus. Jofré et al. (2005) noted that the number of Bufo females
they studied declined. Of the females they found in the 1999 breeding season, only two
were recaptured during the breeding season of 2000. Rittenhouse & Semlitsch (2007)
determined displacement from breeding sites in the non-breeding season for amphibians in
a wetland. They compared the distances frogs and salamanders moved away from the
breeding site and they found that frogs travelled greater distances than salamanders. They
did not have sufficient data to prove differences between sexes, but they stated that the
female frogs travelled further than the males. In Amietia‟s case the females moved away
from Pond 6 during the breeding season, but there were females observed returning to
Pond 1 during the breeding season. Forester et al. (2006) found that American Toad
females can move between 250–1000 m from their breeding sites. Yetman & Ferguson
(2011) conducted a study in South Africa and reported that female Giant Bullfrogs travel
over greater distances to their burrows than males. Female Amietia could possibly also be
moving over greater distances in the non-breeding season than the males. However some
females did return in time for the breeding season. The females tagged at Pond 6 in early
2011 (January or early February) were only observed up until April, and never again. There
were two female frogs that were also marked early 2011, late February and early March
respectively but they disappeared after their pit-tagging. They returned to Pond 6 in
September and August in time for breeding. There were also three new females that were
tagged in August and November 2011. Two were still present at Pond 6 when the study
was terminated. The other one disappeared in October 2011. It could be that these three
new females tagged in August and November were females that always came to breed at
Pond 6. Maybe the females marked at Pond 6 that disappeared before the breeding
season will return to Pond 6 after breeding at their usual breeding pond, somewhere other
than the Gardens. Semlitsch (2008) described intra-population migration in terms of which
species move between their breeding site and their summer-winter habitat (in Amietia‟s
case their summer-autumn habitat). This implies that the species spends its time at two
different habitats during the year.
This might also be true for Amietia. It could be that females have a breeding pond different
from their resident pond possibly explaining the change in male:female ratios and numbers.
Further study is necessary to investigate this. Tadpoles that were recorded in most ponds
indicated successful breeding, even with the low female numbers.
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4.5. Movement between ponds
In our studies very limited movement was recorded. When conditions at a pond were
altered to the extent that the frogs could no longer make use of the pond, for example
when one of the ponds was drained to clean it, individuals did not hesitate to move. As a
rule, however, frogs stayed at their ponds where many of them had their favorite areas and
call sites.

Amphibian migration is a well documented phenomenon. The annual, local mass–
migrations of toad and bull frog metamorphs are well known (Du Preez & Carruthers,
2009). The unexplained mass-migration of Xenopus is also well known (Wager, 1986).

Pope & Matthews (2001) documented the distances that the yellow-legged frog migrated;
Semlitsch (2008) noted amphibian movement within a pond and juvenile migration;
DeMaynadier and Hunter (1999) and Rothermel (2004) also studied juvenile migrations,
and Dunn (1923) studied the theories of dispersal as set forth at that time, which was:
“Climate and Evolution” and “Age and Area”. Loredo et al. (1996) observed the nocturnal
breeding migrations of the California Tiger salamander. Palis (1997) noted the breeding
migrations of Ambystoma cingulatum. Therefore in the subclass Lissamphibia migrations
have been observed in the orders anurans and chordata.

We observed that juveniles moved away from areas with a lot of tree coverage to ponds
that did not have as much coverage, which is in contrast with literature that observed
juveniles moving towards dense canopy areas (Walston & Mullin, 2008). A reason for this
could be that the moving juveniles were older and that they were most probably ready to
turn into adults. Sinsch et al. (2012) monitored the distances that Epidalea calamita males
and females can disperse. These toads moved between 600 m and 2250 m away from a
pond. This also helped to keep them connected to other breeding ponds. Yetman &
Ferguson (2011) observed adult Bullfrogs moving over distances of 400 m.

4.6. Population numbers
The estimated population size for Amietia at Pond 6 and Pond 1 showed very different
results. The estimates for Pond 1 was 209 individuals, and for Pond 6 it was 66 individuals.
74

The difference in these estimates could be because throughout the year frogs were
continually tagged at Pond 6 to assure that the long-night in-depth study would be
adequate. Due to budget constraints this was not done for Pond 1. As a result, there were
more recaptures recorded at Pond 6, than at Pond 1 where more un-tagged frogs were
recorded during the year. Frogs were last pit-tagged at Pond 1 during July 2010 and only
three frogs (all female) of 23 tagged at Pond 1 were recaptured between February 2011
and January 2012. All three females disappeared for a period during the year, and returned
to the pond after eight, nine and 11 months respectively. This indicates either high
predation, emigration, or a high population turnover as mentioned before. Thus, the high
number of untagged frogs and the low number of tagged frogs contributed to the high
population estimate for Pond 1. The estimate for Pond 6 seems more likely than the
estimate for Pond 1.
The very low recapture rate was surprising. This either means that the population of
Amietia has a very high turnover at site, and that they are preyed upon, or that the pit-tag
itself had a negative effect on the individuals which caused an increased mortality. It has
been reported that the subcutaneous implantation of pit-tags can have a negative effect on
the survival rate (Scherer et al., 2005 & Wilson, 2010). Intensive predation cannot be
excluded. Over the past few years we frequently encountered herald snakes, and it is
documented that they prey predominantly on frogs (Marais, 2004). Herons and Hadeda are
also known to prey upon frogs and were frequently recorded in the Botanical Gardens.
Further studies can determine whether the pit-tags do cause mortalities or whether
predation is very high.

4.7.

Territories and Interspecimen Distances (LEKS)

In this study we recorded that the number of Amietia present at site will determine the interindividual distance. Frogs tend to keep as far away from each other as the population and
space allows. As we can expect, the widest inter-individual distance was recorded in
summer (December and January) when the population was at its smallest. We could not
detect a clear relationship between the inter-individual distance and the specific type of
activity. This study however revealed that territorial males had their preferred call sites
(relatively close to each other in comparison to summer) and that newcomers would either
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keep to the inlet and particularly the overflow stream of the pond. Ryan (1980) did a study
on American bullfrog reproductive behaviour and found males had an average space of
about 4.1 m between their call sites. Amietia males maintained an average space of about
2.5 m in their breeding season. The individuals came closest to each other when drifting
non-vocal. This could be because amplexus takes place in the water.

4.8. Interaction with other species
Amietia quecketti shared the ponds with Xenopus laevis, Amietophrynus gutturalis and A.
rangeri. Both species of Amietophrynus were only active in spring and early summer, while
Xenopus were recorded all year long. We did not observe any interaction between
Xenopus and Amietia, but Xenopus most likely do have an impact on the Amietia
population as they probably feed on Amietia eggs and, possibly tadpoles. Both
Amietophrynus species that we recorded are big toads, and they tend to dominate in the
pond. When they became too loud we observed that Amietia reduced their call activities or
stopped altogether. When the toads stopped calling in the early hours of the morning the
Amietia called in full force. We also observed that toads chased off an Amietia from its call
site. Interaction between different amphibian species is well known. Wilbur (1972) and
Morin (1989) discussed competition between interspecific species. According to Wells
(2007) competition between closely related frogs is most intense, particularly when they
compete for the same resources. In some interspecific communities, competition is due to
partitioning for the available micro- or macro habitats (Wells, 2007). Competition between
larvae from different species cannot be ignored.

4.9. Call
In our study we observed that calling reached a maximum intensity during the time interval
of 01:15 (Fig. 3.21). It is well documented that different frog species use different time
intervals for calling. Bridges & Dorcas (2000) monitored different calling amphibians for
extensive periods of time and found that the ranids (Pelophylax porosus, Lithobates
virgatipes and Lithobates sphenocephalus from the family Ranidae) peak in their calling
activities between midnight and sunrise. This is similar to Amietia. Although Amietia is now
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listed as belonging to the family Pyxicephalidae, they are still closely related to the
Ranidae. Johnson & Batie (2001) narrowed the time interval for calling even more to
between 00:30 and 01:30 for the wood frog (Lithobates sylvaticus) and the northern
leopard frog (Lithobates pipiens).

Amietia quecketti has a complex call structure. Although somewhat outside the scope of
this study we did make some observations and we were able to document the three
different types of calls, the chuck, the whine and the combination of the two. Du Preez and
Carruthers (2009) described the calls as a “kik,kik,kik” sound and a “keroip”. We were
unable to establish the functional significance of the chuck and the whine calls.

It has been well documented that each frog species has its own unique mating call (Roy
and Elepfandt, 1993; Hall, 1994; Penna & Solis, 1998; and Bee, 2012). In a cacophony of
noises and calls from different species it can become quite confusing for the listener frog to
orient itself towards it own species (Hall, 1994 & Bee, 2012). The species-specific call
gives the female a specific call structure to listen for. Roy and Elepfandt (1993) stated that
a species call lures homo-specific female individuals. As each species has its own
advertisement call it helps the female to discriminate for conspecific males. This appeared
to be true for Amietia. Even with the Amietophrynus emerging during Amietia’s breeding
season, with its overpowering call, the Amietia females showed no interest in
Amietophrynus.

One may ask the question whether bigger males would display a bigger call intensity?
Although Given (1985) found it to be the case in his study, it was not the case in our study.
Males in the middle mass classes had a higher call intensity. Owen & Gordon (2005) also
did an experiment to see how an individual‟s response level varied with the responders
body size, but they found that the body size does not have an effect on the response level.
In April 2011 four A. quecketti males were recorded in the overflow stream (quadrants
AA22–AA27, Fig 2.8). Two of them were bigger and produced combination calls while the
smaller males produced only whine calls. Later in the study only the bigger two specimens
had a call site in the pond.
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According to Wells (1977) there are two types of Anuran reproduction patterns: either
explosive (few weeks) or prolonged (few months), Amietia falls into the latter breeding
pattern. Wells stated that the prolonged breeders, individual males, usually call from one
site, and some sort of distance is maintained between the males. These males, staying in
their areas, use vocalization to attract females, especially if there are only a few females
present (which was the case for Amietia). This is why males will not waste energy on
encounters with other frogs. They rather call the females to come to their sites to improve
their reproductive success. This has led to the maintenance of inter-male spacing (spatial
separation), individual territories and vocal competition. Penna & Solis (1998) stated that
when males call in a group, the SPL‟s (Sound Pressure Levels) of each male helps it to
maintain distances from other males. Wells (1977) also stated that the males would defend
their territories against conspecific males if necessary because if the male has a higher
quality territory, then there is a possibility that he will attract more females.

In the present study no males established and defended call sites along the exposed
northern bank of the pond, but several call sites were evident along the well-vegetated
southern bank. Wells (1977) stated that at any given moment individuals from a population
can be spaced at specific distances from each other, but an individual's location can
change over a longer period of time. We observed that the same for males, 2309160 and
2337002. Although they had established call sites, they moved around quite a bit during
the study.

Male 2243738 (21 g) had his calling site right next to 2244828 (26.5 g). According to Roble
(1985) a satellite male is usually a non-calling male that sits close to a conspecific calling
male. He also noted that, in some species, the typical satellite male is significantly smaller
than the calling male it shadows. This is not true for all species. There are two hypothesis
of why there are satellite males: either they wait for an approaching female, to seize the
opportunity to mate with her (the other male does all the work), or they wait for a call site to
open. In another article Leary et al. (2005) stated that the smaller satellite males are also
usually younger than the bigger calling males in a territorial species. Another newcomer
male (2334924 (22 g) pit-tagged in March 2011) also had a calling site right next to male
2244828. Frog 2244828 was previously also recorded with a small male tailing him, the
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smaller male was sitting with him underneath an overhanging rock at the pond (Fig. 4.1).
This might have been one of the two newly pit-tagged frogs before they were captured for
the first time (2243738 or 2334924). Maybe the two „newcomer frogs‟ were learning from
male 2244828. Suboski (1992) refers to four types of learning models, one of which is
social learning. Social learning occurs when a behaviour is learned from interaction with
conspecifics. It has only been considered in the context of discussion. In available
literature, learning in amphibians has rarely been considered so, further study is necessary.

Figure 4.1: Male 2244828 (front) with a smaller male sitting next to him
underneath an overhanging rock

4.10. Future studies and recommendations:
Numerous questions remain unanswered. There is nothing common about the Common
River Frog. Aspects that need to be pursued / investigated in more depth include:
•

To set up a sophisticated weather station at the site to monitor weather very
accurately.
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•

To determine which environmental or weather factors will stimulate Amietia to start
calling.

•

To determine whether the implantation of a pit-tag will reduce a frog‟s chance on
survival.

•

To study the impact of predators on an Amietia population.

•

To study A. quecketti calls in depth and conduct play-back experiments to reveal the
role of the chuck versus the whine calls.

•

To conduct a similar study but continue to tag all untagged specimens and also
screen all other sites within a 500 m radius around the Botanical Garden to
document movement and mortality.
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