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General Summary

African savannas are often referred to as “grazing ecosystems”, supporting a higher
vertebrate herbivore biomass than any other terrestrial habitat. However since
savannas are highly variable ecosystems, and their wildlife populations also vary
greatly in composition, size and habitat requirements. The conventional picture
applies to eutrophic, semi-arid savannas, of which Serengeti is the best-known
example, that offer extensive habitats for huge herds of migrating animals. In contrast,
dystrophic, humid savanna ecosystems may offer a high diversity of plant
communities in close proximity. Although these humid savannas are mostly nutrientpoor, several herbivore species may coexist in a relatively small area because of the
heterogeneity of habitats.
I studied a humid, dystrophic savanna ecosystem in the Saadani National Park
on the coast of Tanzania. The Park has an unusual history that contrasts with the
general loss of wilderness to human settlement; before gaining the status of a national
park, the northern Mkwaja area was heavily used for cattle ranching while the
southern Saadani area was used for agriculture, mainly sisal plantations. As a result of
ranching in the north, there was extensive encroachment of bush, mainly of Acacia
zanzibarica, while in the south large areas of fire-dominated tall-grass savanna were
cleared for growing sisal. The resulting mix of habitats supports an unusual herbivore
community, which includes major populations of Bohor reedbuck Redunca redunca
and waterbuck Kobus ellipsiprymnus, both species that appear well-adapted to coastal
savanna, Lichtenstein’s hartebeest Alcelaphus lichtensteinii, a species more
characteristic of miombo woodlands, and wildebeest Connochaetes taurinus, a
species introduced from semi-arid savannas.
The aim of this study was to determine patterns of habitat use and diet
composition of these herbivores, and to relate them to spatial and temporal variation
in the quality, quantity and structure of the vegetation in the various habitat types. The
methods used included direct observations of animal habitat use, dietary analyses
based upon identifying plant fragments in dung, and analyses of the nitrogen and
phosphorus contents in dung and plant leaves.
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Saadani’s grazers show a high degree of niche separation, which is indicated
by the relatively low overlap in the habitat use of Bohor reedbuck, waterbuck,
Lichtenestein’s hartebeest and wildebeest. The two native Reduncini species,
waterbuck and reedbuck, preferred the nutrient-rich acacia woodland at night but
tended to use the relatively open grazed plains during the day. The nutrient-poor palm
savanna habitat, with abundant tall grasses, was avoided by waterbuck but heavily
used by Lichtenstein’s hartebeest, which avoided the grazed plains. The introduced
wildebeest was mainly present in few highly mobile herds that roamed over the study
area but showed no strong preference for any particular habitat.
Despite this low overlap in habitat use, the diets of Bohor reedbuck,
waterbuck and wildebeest were broadly similar, and dominated by the same few grass
species. In the early dry season Panicum infestum was the most important food plant,
while in the late dry season increasing proportions of Heteropogon contortus or, in
case of reedbuck in the Mkwaja area, dicotyledons were consumed. Only two other
species, Eragrostis superba and Chloris mossambicensis, each made up > 10 per cent
of plant fragments. However, the proportions of plant species in the diet of all
ungulates did not correlate with leaf N and P contents or with digestibility. Thus,
plant quality could only partly explain feeding preferences, suggesting that quantity of
herbage might be as important as quality for the herbivores in Saadani.
The total aboveground biomass of herbage did not change significantly during
the course of the dry season, but the proportion of living biomass declined
considerably. The nitrogen content also declined significantly in all plant categories
except P. infestum, though with considerable variation amongst habitats. These
changes in plant nutrient contents were matched by changes in the nutrient content in
the dung that clearly indicated declining dietary quality during the dry season. In the
case of wildebeest, P concentrations in dung fell below the critical value indicating
adequate nutrition, suggesting that these herbivores have difficulty in meeting their
dietary requirements in a humid savanna ecosystem.
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In conclusion, Saadani National Park supports an unusual combination of
herbivores, partly because of its management history but also because of the high
heterogeneity of this moist savanna ecosystem. The diverse habitats allow not only
the well adapted waterbuck and Bohor reedbuck to fulfil their needs, but also provide
niches for the miombo woodland species Lichtenstein’s hartebeest and even the
nonnative wildebeest, a species of semi-arid savannas. Although they are confronted
in Saadani National Park with herbage of sub-optimal quality in the dry season, the
heterogeneous ecosystem offers herbage of varying quality and quantity in different
patches, and thus herbivores may optimize their diet during the late dry season by
selecting different plant parts or species and habitats.
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Zusammenfassung
Afrikanische Savannen werden oft als "Weideökosysteme" bezeichnet, da in ihnen
eine grössere Biomasse an pflanzenfressenden Wirbeltieren (Herbivoren) vorkommt
als in jedem anderen terrestrischen Lebensraum. Allerdings ist dieser Vergleich
irreführend, da Savannen sehr variable Ökosysteme sind, und sich dementsprechend
ihre

Wildtierpopulationen

bezüglich

Zusammensetzung,

Grösse

und

Habitatspräferenzen stark unterscheiden. Das herkömmliche Bild einer afrikanischen
Savanne bezieht sich vor allem auf eutrophe, semiaride Savannen, die ausgedehnte
Lebensräume für grosse Herden von migrierenden Herbivoren bieten. Die Serengeti
ist das bekannteste Beispiel für diesen Typ Savanne. Im Gegensatz dazu können
dystrophe, feuchte Savannenökosysteme eine hohe Vielfalt an Pflanzengesellschaften
in unmittelbarer Nähe zueinander aufweisen. Obwohl diese feuchten Savannen meist
nährstoffarm sind, können aufgrund dieser Heterogenität der Lebensräume mehrere
pflanzenfressende Arten in einem verhältnismässig kleinen Gebiet koexistieren.
Ich habe ein feuchtes,

dystrophes Savannenökosystem im Saadani

Nationalpark an der Küste Tansanias untersucht. Der Nationalpark hat eine
ungewöhnliche Geschichte, die im Gegensatz zum generellen Verlust von natürlichen
Lebensräumen an menschliche Siedlungen steht: bevor das Gebiet zum Nationalpark
wurde, wurde im nördlichen Teil, Mkwaja, intensive Viehzucht betrieben, während
der südliche Teil, Saadani, ackerbaulich genutzt wurde, vor allem für Sisalanbau. Als
Folge der Viehzucht kam es im Norden zu ausgebreiteter Verbuschung, vor allem
durch Acacia zanzibarica, während im Süden grössere Gebiete der feuerdominierten
Savanne für Sisalpflanzungen gelichtet wurden. Die aus dieser früheren Nutzung
hervorkommende Heterogenität an Lebensräumen ernährt eine ungewöhnliche
Artenzusammensetzung von Herbivoren. Diese beteht aus grossen Popluationen von
Gemeinen Riedböcken Redunca redunca und Wasserböcken Kobus ellipsiprymnus,
die beide gut an Küstensavannen angepasst zu sein scheinen, und aus LichtensteinKuhantilopen Alcelaphus lichtensteinii, die eher charakteristisch für MiomboWaldgebiete sind,

und Gnus Connochaetes taurinus,

Savannengebieten eingeführt worden sind.
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die aus semiariden

Das Ziel der Studie war es, Raumnutzungs- und Nahrungszusammensetzungsmuster dieser Herbivoren zu identifizieren, und sie zu räumlichen und zeitlichen
Variationen in der Qualität, Quantität und Struktur der Vegetation in den
verschiedenen Lebensraumtypen in Beziehung zu setzen. Die verwendeten Methoden
bestanden

aus

der

direkter

Beobachtung

der

Habitatnutzung

der

Tiere,

Ernährungsanalysen, basierend auf der Identifikation von Pflanzenteilen im Dung,
und Analysen der Stickstoff- und Phosphoranteile in Dung und Pflanzenblättern.
Saadanis Weidegänger weisen einen hohen Grad an Habitatnischentrennung
auf, worauf die geringe Überschneidung der Lebensraumnutzung (Habitatnutzung)
von Gemeinem Riedbock, Wasserbock, Lichtenstein-Antilope, und Gnu hindeuten.
Die beiden einheimischen Reduncini-Arten, Gemeiner Riedbock und Wasserbock,
zogen nachts das nährstoffreiche Akazienwaldgebiet (acacia woodlands) vor, aber
nutzten während des Tages eher die relativ offenen beweideten Ebenen (grazed
plains). Wasserböcke vermieden den nährstoffarmen Lebensraum der Palmensavanne
(palm savanna), mit seinem grossen Angebot an hohen Gräsern, welcher von
Lichtenstein-Antilopen stark genutzt wurde, die dafür ihrerseits die beweideten
Ebenen vermieden. Die eingeführten Gnus kamen vor allem in wenigen, sehr mobilen
Herden vor, die das Untersuchungsgebiet durchstreiften, aber keine starke Präferenz
für einen bestimmten Lebensraum zeigten.
Trotz der geringen Überschneidung in der Habitatnutzung war die Ernährung
von Gemeinem Rietbock, Wasserbock und Gnu weitgehend ähnlich und wurde durch
die gleichen, wenigen Grasarten dominiert. Zu Beginn der Trockezeit war Panicum
infestum die wichtigste Nahrungspflanze, während in der späteren Trockenzeit
vermehrt Heteropogon contortus wichtiger wurde, ausser für die Rietböcke im
Mkwaja Gebiet die vermehrt Zweikeimblättrige (Dikotylen) frassen. Nur zwei
weitere Arten, Eragrostis superba und Chloris mosambiciensis, bildeten jeweils
>10% der Pflanzen-Fragmente im Dung. Allerdings stand für alle Huftiere der Anteil
Pflanzenarten in der Ernährung in keinem Zusammenhang mit dem Stickstoff- oder
Phosphoranteil der Blätter oder mit deren Verdaubarkeit. So konnte die Qualität der
Pflanzen nur bedingt als Erklärung für Nahrungspräferenzen dienen, was darauf
hindeutet, dass für die Pflanzenfresser von Saadani, die Quantität an Gras ebenso
wichtig sein könnte wie die Qualität.
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Die gesamte oberirdische Grasbiomasse hat sich im Verlauf der Trockenzeit
nicht signifikant verändert, aber der Anteil an lebendiger Biomasse nahm wesentlich
ab. Auch der Stickstoffgehalt sank in allen Kategorien von Pflanzen ausser in P.
Infestum signifikant, wenn auch mit erheblichen Schwankungen zwischen den
Lebensräumen. Diese Veränderungen im Nährstoffeghalt der Pflanzen spiegelten sich
im Nährstoffgehalt des Dungs wieder, was deutlich auf eine Abnahme der
Nahrungsqualität

während

der

Trockenzeit hindeutet.

Für

Gnus

fiel

der

Phosphoranteil im Dung unter den Grenzwert für eine angemessene Ernährung, was
darauf hindeutet, dass dieser Pflanzenfresser Schwierigkeiten hat, in einem feuchten
dystrophen Savannenökosystem seine Anforderungen bezüglich Ernährung zu
decken.
Im Saadani National Park lebt eine ungewöhnliche Grasfressergesellschaft
zusammen. Dies ist teilweise durch die landwirtschaftliche Vorgeschichte des Parks
aber auch durch die hohe Heterogenität des feuchten Savannenökosystems bedingt.
Die vielfältigen Habitate erlauben nicht nur den gut angepassten Rietböcken und
Wasserböcken sich im Saadani Nationalpark erfolgreich zu entwickeln, sondern auch
den Lichtenstein-Kuhantilopen der Miombowälder und den nicht-einheimischen
Gnus, welche aus semi-ariden Savannen stammen. Obwohl alle diese Herbivoren im
Saadani Nationalpark in der Trockenzeit mit Gräsern von suboptimaler Qualität
konfrontiert sind, bietet das heterogene Ökosystem ihnen Futtergräser in
unterschiedlichen Qualität und Quantität in unterschiedlichen Habitaten, so dass die
Herbivoren ihre Diät in der späten Trockenzeit optimieren können indem sie
nährstoffreiche Pflanzenteile, Pflanzenarten oder Habitate wählen.
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General Introduction
African savannas
Savannas are among the largest terrestrial biomes and cover about 20% of the
earth surface (Shorrocks 2007). The African savanna biome is a sub-tropical to
tropical ecosystem that is characterized by a continuous grass layer occurring together
with trees, under a climatic regime of distinct wet and dry seasons (Walter 1971,
Walker and Noymeir 1982). Some savannas support a higher biomass of vertebrate
herbivores than most other terrestrial habitats, and have been described as‚ grazing
ecosystems’(Sinclair 1975, Frank et al. 1998). Thus, whereas in most terrestrial
ecosystems the proportion of net foliage production consumed by mammalian
herbivores is <10% (McNaughton 1985), in savanna ecosystems such as the Serengeti
it can be as much as 65% (McNaughton 1985, Frank et al. 1998). However, humid
savannas usually support fewer herbivore species and fewer individuals, and their
character is maintained more by fire than by grazing.
At a regional scale, the high ungulate diversity of some African savannas can
be related to the spatial heterogeneity inherent to the savanna ecosystem, and
particularly to differences in soil nutrient conditions and moisture (rainfall) (Belsky
1990, Ben Shahar and Coe 1992, Du Toit and Cumming 1999). These varying
conditions, together with variation in herbivore and fire impact (Skarpe 1992, Hobbs
1996, Hamilton et al. 1998, Anderson et al. 2007), create a variety of habitats that in
humid savannas may occur in close proximity to each other. The interaction between
these factors is complex and their relative importance may vary according to the
savanna ecosystem (Skarpe 1992, Olff et al. 2002).
Effect of nutrients in savannas
The composition and nutritional quality of herbaceous plant communities vary
widely among savanna habitats (Skarpe 1992, Olff et al. 2002, Augustine et al. 2003,
Cech et al. 2010b). Ben Shahar (1992) found that the differential abundance of grass
species in a semi-arid nature reserve in South Africa could be explained by variation
in soil nutrients, though grasses on fertile soils did not necessarily have higher
nutrient concentrations than those on poor soils. In contrast, Cech et al (2010a) found
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relatively high N concentrations in the herbaceous vegetation in moist savanna
habitats with abundant Acacia zanzibarica trees, which can be related to the fact that
this leguminous tree is able to symbiotically fix atmospheric N2 and increase soil N
concentration (Schulze et al. 1991, Cochard 2004, Cech et al. 2010b). However,
nutrients are not uniformly distributed within a particular habitat type, and may vary
more among plant species within a site than among sites (Minson 1990, Dorgeloh
1999). Also, nutrient concentrations vary within an individual plant, for example
between stem and leaf biomass (McDonald et al. 1995, Van Soest 1996), and between
living and dead or young and old plant parts. Thus, although variation in soil nutrient
concentrations may contribute to the great diversity among habitats in African
savannas, nutrient patterns in plants may also vary within habitats, both temporally
and spatially.
Effects of seasonality in rainfall on savannas
Rainfall strongly influences the structure of savanna vegetation. Areas with a
mean annual rainfall of over 650 mm could potentially support closed woodland, and
savanna conditions are only maintained through regular disturbance by herbivores and
fire (Sankaran et al. 2005). An important characteristic of savanna is the drastic
change in plant growth conditions from the wet to the dry season. During the wet
season, grass growth may be rapid, though productivity is not necessarily correlated
with high nutrient concentrations of plant tissues. This is because in dry season
growth is limited by water, which can result in higher N and P concentrations in fresh
plant tissues (Lahiri and Singh 1970, Breman and de Wit 1983, Georgiadis and
McNaughton 1990, Olff et al. 2002, Hopcraft et al. 2010). With progressing dry
season, average concentrations of nutrients such as nitrogen and phosphorus in the
total aboveground herbaceous vegetation tend to decline (Mowat et al. 1965,
McNaughton 1979, Georgiadis and McNaughton 1990, Ben Shahar and Coe 1992,
Ego et al. 2003, Codron et al. 2007). As aboveground plant parts senesce, proteins and
carbohydrates are transported to the roots. The remaining aboveground vegetation is
mainly dead material that is highly lignified, poorly digestible and of low nutrient
concentration (Sinclair 1975, Wirtz and Kaiser 1988), and only a small fraction of
living tissues with a high nutritional quality. Thus, the overall nutrient concentration
of savanna vegetation decreases during the course of the dry season, which presents a
particular challenge for herbivores. Herbivores exhibit various strategies to cope with
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this decrease. However, for many species - especially those needing access to surface
water throughout the year - the influence of seasonality upon diet and habitat use is
not well understood.
Effect of fires on savannas
Fire is a main driving force influencing the dynamics of savanna vegetation
(Wilsey 1996, Gureja and Owen-Smith 2002). Besides opening up habitats by
removing young trees (Cochard 2004, Bond 2008), in the long term fire also tends to
deplete ecosystems of nitrogen, which is converted into volatile forms and lost to the
atmosphere (Cook 1994, Cech et al. 2010b). For herbivores, however, fire can also
improve forage quality in the short term by promoting nutrient-rich regrowth areas
(Hobbs 1996, Wilsey 1996, Coppedge et al. 1998, Tomor and Owen-Smith 2002,
Archibald and Bond 2004). Thus, by removing accumulated biomass, fire can
stimulate regrowth of nutrient-rich plant material even in generally nutrient-poor
savannas with tall grass plant species (Anderson et al. 2007). And by attracting
grazing animals, relatively small burnt areas may be transformed into grazing lawns,
though if the burnt areas are large they may tend to prevent this process by
homogenizing even generally heterogeneous habitats for a certain amount of time
(Archibald et al. 2005). The interactions between wildlife and fire have been studied
in detail in arid savannas, but much less is known about these processes in moist
savanna ecosystems.
Effect of herbivores on savannas
The interactions between ungulate herbivores and vegetation are characterised
by a multitude of feedback loops. Herbivores alter and maintain ecosystem properties
such as productivity, nutrient cycling and plant species composition and thus have a
large impact upon savanna ecosystems (Georgiadis and McNaughton 1990, Hobbs
1996, Augustine and McNaughton 1998, Van de Koppel and Prins 1998, Anderson et
al. 2007). While megaherbivores (>1000 kg) like African elephants Loxodonta
africana are known to keep savannas open through browsing on young trees and
creating gaps (Caughley 1976), mesoherbivores may also shape their environment. In
the so-called ‘grazing lawns’ (McNaughton 1984), grazers like wildebeest
Connochaetes taurinus maintain short vegetation of high nutritional quality by
feeding in these areas and returning nutrients in their excreta. In contrast, high
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densities of herbivores, especially cattle, can cause bush encroachment (Brown and
Archer 1989, Wilsey 1996, Tobler et al. 2003) by reducing the plant biomass
available to fuel fires in the dry season, so that young trees can establish (Scholes and
Walker 1993, Hobbs 1996, Roques et al. 2001, Cochard 2004, Bond and Keeley 2005,
Hopcraft et al. 2010). In addition, the more open conditions enable tree seedlings to
establish, which could otherwise not compete with the grass layer. Reciprocal
interactions between herbivores and vegetation are numerous and depend, beside
nutrients, on rainfall, further external factors as fire or poaching and, to a large
extend, on the animals feeding strategies.

Herbivores in African savannas and their feeding strategies
Besides fire, herbivores also play an important role in the dynamics of many
savanna ecosystems, determining their openness and enabling the flow of nutrient
(Skarpe 1992, Hobbs 1996, Hamilton et al. 1998, Anderson et al. 2007). This is
especially true for some African savannas, which support a higher diversity of
ungulate species than any other terrestrial habitat (Du Toit and Cumming 1999).
There are 46 ungulate species endemic to the savanna biome in Africa, of which about
80% belong to the Bovidae family (Du Toit and Cumming 1999). The high ungulate
diversity in African savannas can be related to the spatial heterogeneity of this biome,
and particularly to regional differences in soil nutrient conditions and moisture (Du
Toit and Cumming 1999, Hopcraft et al. 2010).
Grazers and browsers
The ungulates are distributed among the heterogeneous savanne biome
according to their feeding strategies. Besides the distinction between foregut
(ruminants and non-ruminants) and hindgut fermenters (Hofmann 1973), ungulates
are generally categorized into grazing, browsing and mixed feeding species (Gordon
2003). The latter categorization is related to the proportions of tree leaves and grasses
in the diet (Hofmann 1973, Ego et al. 2003, Gordon 2003). Thus, strict grazers feed
only on herbaceous plants and especially grasses, while strict browsers feed only on
tree foliage, shrubs, dicotyledons. However, a strict classification is usually not
possible as many herbivores eat both types of plant material in varying proportions,
especially since forbs are also dicotyledons. Gagnon and Chew (2000) identified
-12-
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seven different feeding types along a gradient from obligate grazers to predominant
frugivores. Many herbivores, however, vary their diet along this gradient according to
the seasonal availability of food, generally including more browse material at the end
of the dry season (Tomlinson 1980, Ben Shahar 1991, Owen-Smith 1997, Wilmshurst
et al. 1999, Ego et al. 2003). Within the browser guild there are some obvious ways in
which dietary niches differ; for example, tall browsers such as giraffe Giraffa
camelopardalis utilise vegetation at higher “height” than smaller ones such as impala
Aepyceros melampus (Du Toit 1990), which is a mixed feeder.
During the dry season, the metabolizable energy of browse material such as
the leaves of woody plants and forbs (i.e. dicotyledonous herbs) is generally higher
than that of most grasses (Owen-Smith 1997). Dicotyledonous plants in general, and
leguminous species in particular, have higher leaf nitrogen (or crude protein) and
phosphorus concentrations than most grasses (Minson 1990, Owen-Smith 1997).
However, Codron (2007) and Owen-Smith (1997) have argued that it is misleading to
consider only nutrient concentrations, because browse material tends to have a lower
digestibility than grass. Furthermore, woody dicotyledons usually contain more tannin
and other allelochemicals that reduce the quality of these plants as food for most
grazers (Owen-Smith 1997, Sorensen et al. 2003, Duncan and Poppi 2008).

Selectivity in feeding strategies
All herbivores feed selectively to some degree (Jarman 1974), though this
selectivity may take place at different scales; thus, while some ungulates are able to
distinguish between individual plant species or even plant parts, others select at a
coarser scale according to general habitat qualities (Melton 1987, Senft et al. 1987).
Two opposing factors - food quality and quantity - influence ungulates in their choice
of habitat and forage. The relative importance of these factors for the degree of
selectivity of a particular ungulate species is determined by three major
morphological parameters: body size, volume of digesta system and muzzle width
(Hantley 1982, Illius and Gordon 1993, Murray and Illius 2000).
According to the Jarman-Bell principle, body size is an important factor
influencing diet, with small herbivore species requiring food of higher nutritional
quality than larger ones as the volume of their digesta system is more limited (Bell
1971, Jarman 1974). For example, Delany and Happold (1979) estimate the daily
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protein requirement per unit weight for a Thomson’s gazelle Gazella rufifrons to be
two to four times higher than that of wildebeest. As the quantity of food input is
limited by their digestive system, small-bodied ungulates are rather limited by forage
quality than quantity, and have to search for the most nutrient-rich forage (selective
feeding strategy) (Owen-Smith 1988, Fritz and Duncan 1994, Gordon and Illius 1996,
Wilmshurst et al. 1999). This strategy seems to be inevitable for ungulates with body
weights of less than 90 kg (Van Soest 1996). Thus, all reedbuck species (Redunca sp.)
are highly selective on plant parts (Leuthold 1977, Estes 1991) and can survive better
than many other herbivores in nutrient poor grassland (Jungius 1971). In contrast,
larger ungulates need more food to maintain their greater body mass, and therefore
tend to be less selective in terms of diet quality than quality (Du Toit and Owen-Smith
1989, Cromsigt and Olff 2006).
Besides body size, muzzle morphology also influences an ungulate's feeding
strategy, as it determines the ability of the animal to select particular plant parts or
individuals (Hantley 1982, Van Soest 1996, Gordon 2003). Bothma (2002) recognises
four feeding classes within ungulates, separating the grazers into less selective grazers
with wide muzzles and highly selective grazers with narrow muzzles. Studies of
Owen-Smith (1985) and Illius and Gordon (Hantley 1982, Illius and Gordon 1987)
have confirmed that ungulates with broader muzzles can use short grassland most
efficiently. Ungulates with narrower muzzles have a smaller bite size but can take
food items more selectively, choosing not only the most nutrient-rich plant species but
also the most nutrient-rich parts of plants (Hantley 1982, Murray and Illius 2000). The
small muzzled hartebeest (Alcelaphus buselaphus) is therefore more successful than
wildebeest (Connochaetes taurinus) in habitats with lower quality food (Stanley Price
1978), as it can select green leaves in senescent swards (Murray and Brown 1993).
The grazers with broader muzzles are unable to make these choices and thus have to
be less selective, although they can choose to feed in more nutrient-rich patches of
vegetation (Jarman 1974, Murray and Illius 2000). The influence that muzzle size has
upon habitat choice is most evident during the dry season, when few green leaves
remain in many types of vegetation.
Due to their greater size and mouth morphology, larger grazers cannot select
at the level of plant parts or species, but they can select the habitats in which they
feed, and the feeding sites within those habitats. For example, they may choose to
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graze in communities that support nutrient-rich plant species (Ben Shahar 1991), or in
nutrient-rich patches such as recently burned areas and grazing lawns (Jarman 1974,
McNaugthon 1984, Fryxell 1991, Tomor and Owen-Smith 2002, Archibald and Bond
2004, Grant and Scholes 2006). Thus, Ben-Shahar and Coe (1992) observed that
wildebeest and zebra (Equus burchellii) seasonally move to habitat types
characterized by grass communities containing a high proportion of nutritious species,
rather than by selecting on particularly nutritious species within any community. Prins
and Beekman (1989) observed similar shifts to habitat with nutrient values over a
certain threshold for buffalos (Syncerus caffer).
Based on the overall selection capacity of a grazing ungulate, Grant and
Scholes (2006) distinguish between bulk grazers and concentrate grazers. In their
study, concentrate grazers are defined as ungulates that can select their feeding
habitats on a smaller scale according to their nutritive quality. Bulk grazers, in
contrast, are defined as species that require mainly forage quantity, irrespective of its
quality (e.g. African buffalo), and thus use all habitats more uniformly (Cromsigt and
Olff 2006). However, it can be argued that the only real bulk feeders are
megaherbivores (e.g. African elephant Loxodonta africana), which certainly show the
greatest ability to survive on poor quality food (Owen-Smith 1988).
The diet composition of many ungulate species, and thus the degree of
selectivity, also varies considerably between seasons (Tomlinson 1980, Ben Shahar
1991, Owen-Smith 1997, Wilmshurst et al. 1999, Ego et al. 2003). In general, animals
are more selective during the wet season, when good quality food is plentiful, than in
dry season (Mwangi and Western 1998, Ego et al. 2003). This is partly because the
availability of particular plant species changes during the year, but also because
nutrient concentrations change, generally decreasing as the dry season proceeds
(Boutton et al. 1988, Georgiadis and McNaughton 1990, Ombabi et al. 2001). OwenSmith (2005) supposes that for large, non-selective herbivores, lower-quality
resources may represent a buffer against starvation during the most critical periods of
the year.
Thus a strict classification into selective and non-selective (bulk) feeding
categories is not possible as ungulates, despite their morphological dispositions, vary
along a degree of selectivity according to season, available plant species and available
habitats. Especially in heterogeneous moist savannas, in which herbivores may have
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access to a large variety of habitats within a small distance and where rainfall is
relatively frequent, selectivity patterns might be less expressed.
The spectrum of selectivity is considered one of the reasons that so many
ungulate species can coexist in some African savanna ecosystems. However, our
understanding of differential habitat selection by grazers comes mainly from large,
semi-arid systems such as Serengeti and Kruger National Park, where animals are free
to move over large distances to feed in extensive, nutrient-rich areas in the dry season
(Ben Shahar and Coe 1992, Fryxell et al. 2005), although many species remain rather
sedentary. In smaller, moist savanna ecosystems, such as Saadani, such large-scale
movements are not possible, though ungulates may optimise their diet by moving
among the different habitats types within the heterogeneous ecosystem (Verweij et al.
2006, Hopcraft et al. 2010). In doing so, their habitat choices will be influenced not
only by their nutritional requirements, but by many other factors including water
availability, shelter from climatic extremes, predator avoidance and other interactions
with wildlife (Jarman and Sinclair 1979, Sinclair 1985, Turner et al. 1997, Redfern et al.
2003). Once again, the influence of these factors has been intensively studied in arid
savanna ecosystems, but little is known about their role in moist savanna ecosystem,
where habitats are generally more closed and the dry season is less extreme.
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Study area and history
Saadani National Park (± 1100 km2) was created in 2002 by TANAPA
(Tanzania National Parks) and is located along the coast of Tanzania (5° 43’ S, 38°
47’ E), about 160 km north of Dar es Salaam (Figure 1). The average temperature in
the Saadani area is 25°C and annual rainfall averages 900 mm, with values ranging in
individual years from 500 mm to 1700 mm (Tobler et al. 2003). The area experiences
two main rainy seasons per year, a short one from October to December and a longer
one from March to June. The dry periods are distinguished into a longer cooler early
dry season (June to September) and a shorter hotter late dry season (January to
March). During my study period from June 2005 to September 2007, rainfall was a
little higher than average in 2006 (960 mm) and lower in 2007 (757 mm) (Figure 2).
More rain fell during the long rain season of 2006 than in that of 2007, and the short
wet season of 2006 was also wetter than those of 2005 and 2007. Thus, 2006 was an
overall wetter year than 2005 and 2007, which is confirmed by weather data from Dar
es Saalam (Tanzania Meteorological Agency; www.meteo.go.tz).

Figure 2: Average rainfall (mm) and temperature (°C) per month in Saadani National Park.
Precipitation was recorded with a tipping bracket rain gouge (onset corp., MA, U.S.A). Relative
humidity and temperature were measured at 15 minute intervals using a data logger (HOBO Pro,
onset corp., MA, U.S.A)
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Salt village

Saadani NP
Dar es Salaam

Figure 1:
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Map of Saadani National Park (map based on Gerber (2006).
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The savanna of Saadani can be distinguished as humid-dystrophic savanna (Huntley
1993), as average precipitation is about 900 mm and soils are relatively nutrient-poor
(Klötzli 1980, Cech et al. 2010b). Originally, the area was probably covered by moist
and dry evergreen coastal forests, but these were replaced by savanna vegetation in
quaternary times and today only small areas of coastal forest remain (Klötzli 1980).
The soils consist of greyish fine sand, loamy sand or black cotton loam in the flats,
and reddish loamy sand over clay on slopes and hilltops (Klötzli 1980). The coastal
area has a long history of anthropogenic disturbance due to the slave trade, and the
present savanna vegetation is probably a plagioclimax produced by regular burning.
Fires are common during the driest months in January, February, August and
September, many of them being started deliberately by poachers or by the park
management. We have no exact data on fire frequency, but a fire at least every two
years is not uncommon in some areas (pers. observations & pers. communication
TANAPA).
The total study area of ± 700 km2 is located within Saadani National Park
(Figure 1). The area can be divided into two main parts with different recent land-use
history: Mkwaja (441 km2), where a former cattle ranch enterprise was in function
from 1953 to 2000, with up to 13000 head of cattle and Saadani (250 km2), which was
a game reserve already since 1969 when it was founded on land formerly used for
sisal plantations.
Mkwaja ranch (5° 43’ S, 38° 47’ E) was founded in 1954 on an open, firedominated palm savanna (Hyphaene compressa), which had had no settlements for at
least 100 years (pers. com. Willi Merk). It provides an example of a technologybased, big ranching enterprise (Amboni Estates Ltd.) that failed within the savanna
environment, mainly due to problems of disease control and bush encroachment (That
2004). Indeed, aerial photographs from 1954 show that initially the savanna was
much more open than it is today, although intensive brush-cutting was practised to
fight the problem of encroachment.
The Mkwaja Ranch area was organised into 18 paddock systems, and 40 dams
were built to ensure an adequate water supply. Up to 1500 cows were herded into
each paddock for the night. Each morning the cattle was divided into herds of 200 to
400 animals and led by a herdsman to pasture areas and later to a nearby dam.
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Saadani

season*

Tall Grass
savanna
ED LD

Acacia
Woodland
ED LD

Black cotton
savanna
ED LD

number of sites

11

11

12

Total vegetation cover (%)

81± 4 70± 5

63± 4 57± 5

94± 3 74± 9

81± 5

53± 12

Average Vegetation height (cm)

41± 9 38± 4

73± 4 39± 3

80± 4 45± 7

30± 4

7± 1

215± 6 56± 5

130± 8 63± 6

164± 7 66± 7

Maximum Vegetation height (cm)

11

11

12

Grazed
patches
ED LD
5

3

121± 27 23± 7

Panicum infestum

V

22

V

16

V

45

V

40

IV

18

IV

12

V

29

Heteropogon contortus

V
V
I

10

V
III
II

16

III

5

7

III
II
II

10

I

II
+
+

5

25

II
I
II

7

13

II
I
+

I
III
+

10

III
IV

17

V
I
I

51

IV
I
I

53

III

55

20

+

5

III
II
II

V
III
V
III

15

III

13

II
+

4

V
III

13

Digitaria sp.
Fimbristylis triflora
Sporobolus pyramidalis
Eragrostis superba
Chloris sp.
Cymbopogon caesius
Andropogon gayanus
Diheteropogon amplectens
Hypar. rufa/Hyperth. Dissoluta**
Bulbostylis pilosa
other Cyperus species

11

9

12
20
59

4

Andropogon schirensis

IV
III
III
III
III
I
+

29

15

9

5
20

5
5

III

5
30

47

5

6
8

I

III

15

+

5

+

1

I

5

V
V
I
III

22

V
III
II
II

37

+
III
III
II

5

15
10
22

5

I
II

Setaria sp
Bothriochloa insculptum/bladhii

10

I

5

II

5

4

Schoenefeldia sp.
Echinochloa haploclada

+

23

I
+

2
80

23
4
25

2

10
20

43

IV
IV
IV

II
IV

50
13

5

20

1

11
8

II
II
II

60

V

25
10
9

III
II

13

III
III
III
III

10

II

16
50
6

IV
IV
II

5
5

Dactyloctenium aegyptiacum
Cynodon dactylon
Paspalum dilatatum
Cassia mimosoides

II

5

other herbaceous legumes
other forbs
other/undefined grasses

+
I

3
5

I
III

4
8

I
I

5
0

+
III

5

4
4
1

III
II

Latin numbers: occurrence in number of sites per habit:
+ = 1-10%, I = 11-20%, II = 21-40%, III = 41-60%, IV = 61-80%, and V = 81-100%
in normal script: mean cover of the species in the sites were it occurred
*ED Early dry season, LD late dry season
**Hyparrhenia rufa/Hyperthelia dissoluta
± std error
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Mkwaja
Tall Grass
savanna
ED LD

Acacia
Woodland
ED LD

Paddock
margin
ED LD

Paddock
center
ED LD

5

5

5

5

5

5

5

5

75± 3

55± 8

84± 7

52± 7

100± 0

96± 4

78± 7

56± 5

138± 6

28± 10

86± 3

22± 3

63± 5

35± 7

92± 7

25± 8

228± 9

48± 16

142± 20 38± 4

66± 4

42± 6

II

II

V

48

V

36

V

34

V

26

V
V
V

25

V
II
V

22

V
IV
V

41

III
V
V

25

IV
V
IV

10

II
III
II

5

III
III

5

V
V
V

5
3
10

V
III
III

33
20
5

II
V
IV

IV

II
V
V
IV

10

IV
IV
III

15

II
II

5

39
22
35

4
40

III
IV
IV
IV

20
15
7.5

II
IV
V

2
33

90
4.5
1

1

26

III
II
III

15

III
II

30

III

II
II
II
II
II
II
II

5
16

II

III
IV
II

6

17

5

3

II
V

II
III

8
25

15

2

20

II

15

III
III
II

30

5
10

5

II
V
II

II

10

5
5

2

5

II
II

II

II
III
III
III

132± 30 36± 10

III

IV
III

7
10

IV
IV

0.3

3

II

2

IV

3

III
III

3

V
V

6

II
III

1

12

5

V
II

96

II

5

8

5

60

10
10

II

2

II

6.2

II

20

98

IV

17

5

14

II
5

II

13

V

IV

5

Table
1:
Vegetation
composition
in
Saadani
National Park. Plant species
composition and vegetation
characteristics in the six
habitat types in two study
areas (Mkwaja and Saadani)
in late dry season (LD:
January – February 2006) and
in early dry season (ED: June
–
August
2006).
The
vegetation characteristics are
the % total vegetation cover,
average vegetation height and
maximum vegetation height.
The synoptic table shows
occurrence and mean cover
for each plant species per
habitat, season and area.

1

II
II

II
II
0

5
0

5

0
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The former Saadani Game Reserve (6° 02’ S, 38° 45’ E) was founded in 1969
in an area that was formerly used for agriculture, mainly sisal plantation. Although
human influence has since been limited mainly to collecting firewood near the
villages, the impacts of the former arable land use are still obvious in some areas. The
only important commercial activity now is the production of salt in an area bordering
the southern edge of the park. The most important factors affecting the present
vegetation are wild herbivores and frequent fires.

Habitats and Vegetation composition of Saadani National Park
As a moist coastal savanna ecosystem, Saadani National Park offers a very
heterogeneous habitat with a mosaic of plant communities. In this thesis, I distinguish
in general between six main habitat types. Two of these are limited to the Saadani
area: Black cotton savanna, which stand on very loamy soils that are water logged
during wet season and dry completely out and crack during dry season, and grazed
patches, which are regularly grazed areas, mostly on relatively open plains which are
related to the former use as sisal plantations. A further two habitats occur only in the
Mkwaja area and are closely related to the former use of the area as a cattle ranch: the
paddock centers are the very nutrient rich areas where cattle were herded over night,
while the paddock margins are neighbouring areas through which the cattle walked at
least twice every day (Tobler et al. 2003, Cech et al. 2008). Although only small in
total area, these habitats are included in the study as they have an important effect on
the local herbivores (Treydte et al. 2006). The other two habitats - tall grass savanna
and acacia woodland - are common in the whole study area. While tall grass
savannas are rather open, nutrient-poor and dominated by Hyphaene compressa,
acacia woodlands are relatively closed and nutrient-rich habitats, due to the high
cover of Acacia zanzibarica trees and their ability to symbiotically fix atmospheric N2
(Schulze et al. 1991, Cochard 2004, Cech et al. 2010b).
Because of the different mix of habitats, the Saadani and Mkwaja areas also
differ in overall plant species composition (Table 1). However, even within habitats
plant composition varies between the two regions. Thus, acacia woodlands in Saadani
contain more Sporobolus pyramidalis and less Heteropogon contortus than acacia
woodlands in Mkwaja, which might be related to higher proportions of loamy “black
-22-
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cotton” soil. Independently of these regional differences, the six habitat types have
distinct plant species communities (Table 1). While Panicum infestum is abundant in
most habitat types, some plant species can be clearly attributed to specific habitat
types. Thus, Cynodon dactylon and Paspalum dilatatum occur nearly exclusively in
paddock centers.
The nutrient analyses of fresh leaves differ among species and habitat types
(Table 2): thus, nitrogen and phosphorus concentrations in green leaves were highest
in the paddock centers, due to the high fertilization input during cattle ranching (Cech
et al. 2008). And nitrogen concentrations were clearly higher in acacia woodlands
than in the other habitat types (except paddock centers), presumably due to N2
fixation by A. zanzibarica (Cech et al. 2010b). The nutrient concentrations of fresh
green leaves were in general higher in the late than in the early dry season. This might
be explained by the fact that water is the main growth limiting resource in the dry
season and therefore N and P concentration in plant material increase (Lahiri and
Singh 1970, Bell 1982, Olff et al. 2002).
In chapter 1, I divide the savanna ecosystem of the Saadani area into 7
structural habitat types according to canopy cover, occurrence of bush and main tree
species. These habitat types partly overlap with those used for table 1 and the last two
chapters, but are based more upon structure characteristics. The habitats, which
ranged from mostly closed to mostly open, were: Forest, acacia woodland, bush
savanna, acacia savanna, tree savanna, palm savanna and grazed plains. The reason
for the different classifications is that data for the last two chapters, on which also
base table 1 and 2, were small-scale studies in which floristic data could be gathered,
whereas in the first chapter data collection expanded over all vegetation types along
the roads surveyed.
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Table 2: N and P contents (mg/g) of the herbaceous vegetation in Saadani National Park (cf. Table 1).

Saadani N mg/g
season*

Tall Grass
savanna
ED

number of sites

11

Panicum infestum
Heteropogon contortus
Digitaria milanjiana
Fimbristylis triflora
Sporobolus pyramidalis
Eragrostis superba

LD

Acacia
Woodland
ED

11

11

LD

Black cotton
savanna
ED
LD

Grazed
patches
ED

LD

11

12

5

3

12

10.6 ± 1.2

13.5 ± 3.0

19.4 ± 1.8

21.0 ± 2.6

11.4 ± 1.4

13.2 ± 0.3

8.5 ± 1.8

12.4 ± 2.4

18.3 ± 1.6

16.5 ± 1.5

9.9 ± 0.6

9.9 ± 0.1

10.6 ± 2.1

16.4 ± 5.4

5.2
6.2
10.0 ± 0.02

13.4

14.6 ± 0.6

16.3 ± 0.6

15.0

14.4

12.2

20.3

9.8
7.8 ± 2.7
13.3 ± 3.8

Chloris

7.2

14.2 ± 1.8

15.1 ± 2.8

14.5

18.9

19.9 ± 1.1

22.0 ± 1.5

8.5 ± 0.6

9.7 ± 0.2

12.9 ± 1.2

13.5 ± 0.6
17.2 ± 0.7

8.8 ± 1.7

9.7 ± 2.7

Andropogon gayanus

10.0 ± 1.7

12.4 ± 3.2

13.4

Diheteropogon amplectens

10.2 ± 2.1

7.5 ± 0.7

12.4

8.3 ± 2.9

8.3 ± 1.0

Setaria
6.4

Botriochloa sp.

13.8
22.5

Echinochloa haploclada

25.8

10.9 ± 0.2

17.2
17.0

Cymbopogon caesius

Hyperthelia dissoluta

10.3 ± 1.0

12.0 ± 0.1

12.0

10.6 ± 0.4

11.5 ± 0.3

11.1 ± 1.5

10.2

14.0 ± 0.3

13.7 ± 1.6

14.0 ± 0.9

19.2 ± 0.3

10.3

11.8
11.2

Cynodon dactylon
Paspalum dilatatum

Saadani P mg/g
Panicum infestum

1.2 ± 0.2

1.3 ± 0.4

1.3 ± 0.2

1.3 ± 0.2

1.3 ± 0.5

1.5 ± 0.3

2.2 ± 0.6

2.6 ± 0.6

Heteropogon contortus

0.8 ± 0.2

1.5 ± 0.7

1.3 ± 0.2

1.5 ± 0.1

0.9 ± 0.2

1.6 ± 0.1

1.2

1.3

Digitaria milanjiana

1.1 ± 0.3

1.8 ± 0.6

Fimbristylis triflora

0.9

Sporobolus pyramidalis

0.6

0.8 ± 0.3

0.8 ± 0.2

1.0 ± 0.1

Eragrostis superba

0.8 ± 0.0

2.0 ± 0.8

1.2

1.7

1.7 ± 0.5

1.4 ± 0.2

1.6

3.1

0.4

Chloris

1.3 ± 0.5

1.0 ± 0.1

1.1 ± 0.2

1.4 ± 0.1
1.6

2.5 ± 0.6

2.0 ± 1.2

2.3

2.0 ± 0.7

Cymbopogon caesius

0.9 ± 0.2

1.2 ± 0.4

Andropogon gayanus

1.0 ± 0.2

1.3 ± 0.5

1.8

Diheteropogon amplectens

0.9 ± 0.1

0.7 ± 0.1

1.1

Hyperthelia dissoluta

0.7 ± 0.2

1.1 ± 0.6

Setaria
Botriochloa sp.
Echinochloa haploclada
Cynodon dactylon
Paspalum dilatatum
*ED Early dry season, LD late dry season
± Std Deviation

-24-

0.8

0.9
1.5

3.2
1.7

2.1

1.3 ± 0.2

2.4

1.5 ± 0.6

1.6 ± 0.3

1.3 ± 0.3

1.6

1.3 ± 0.3

1.3 ± 0.5

2.3 ± 0.9

2.1 ± 0.3

1.4

2.2
1.3
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Mkwaja N mg/g
Tall Grass
savanna
ED
5

LD

Acacia
Woodland
ED

5

5

LD

Paddock
margin
ED

5

5

LD

Paddock
center
ED

LD

5

5

5

12.1 ± 0.5

12.8 ± 19.6

19.6 ± 4.1

9.3 ± 1.3

15.6 ± 3.4

10.5 ± 2.9

13.2 ± 15.7

15.7 ± 0.9

9.4 ± 1.7

17.3 ± 4.2

9.0 ± 1.0

17.5

13.0 ± 20.9

20.9

9.2 ± 1.4

18.2 ± 1.8

8.2 ± 1.6

12.0

9.2 ± 9.8

8.1 ± 1.0

10.9 ± 4.6

9.1 ± 2.0

9.8 ± 3.5

12.7 ± 16.4

16.4 ± 3.9

10.7 ± 1.3

14.6 ± 17.2

17.2 ± 2.2

12.3

11.4 ± 2.5

15.4 ± 11.7

11.7

11.2 ± 1.6

12.2 ± 3.8

15.5 ± 15.9

15.9

9.3 ± 1.4

8.6

7.4 ± 0.8

8.1 ± 2.1

8.6

7.0
10.3 ± 1.3

9.1
10.6 ± 1.2

12.9

8.0

11.0

9.7

9.2

7.8 ± 1.6

14.6 ± 2.2

17.4
20.0 ± 0.3
14.2

12.7 ± 1.6

14.8 ± 1.1

14.4

21.2 ± 3.0

25.8

22.7

26.2

26.7 ± 1.4

37.3 ± 6.1

24.4 ± 2.8

29.8 ± 5.2

Mkwaja P mg/g
1.2 ± 0.2

0.8 ± 1.0

1.0 ± 0.1

1.0 ± 0.5

1.4 ± 0.4

0.8 ± 0.2

0.9 ± 0.1

1.0 ± 0.9

0.9 ± 0.1

0.9 ± 0.2

1.3 ± 0.3

0.8 ± 0.1

1.0

0.8 ± 1.0

1.0

0.9 ± 0.1

1.7 ± 0.2

0.7 ± 0.2

0.9

0.7 ± 0.9

0.9 ± 0.4

0.7 ± 0.1

1.3 ± 0.4

0.8 ± 0.9

0.9 ± 0.2

0.8

0.8

1.1 ± 0.0

0.9 ± 1.0

1.0 ± 0.1

1.0 ± 0.1

1.5 ± 0.3

0.9

1.1 ± 0.1

1.0 ± 1.1

1.1

1.6

1.8

1.0 ± 0.2

1.1 ± 0.4

1.3 ± 1.5

1.5

1.1 ± 0.0

1.7 ± 0.4

0.8 ± 0.2

1.1

0.8

0.8

1.0

0.6 ± 0.0

0.7 ± 0.1

0.8

1.4

1.2 ± 0.3

1.5 ± 0.1

1.6

2.2 ± 0.8

6.4

1.0

0.7 ± 0.1

3.7

2.5

4.1 ± 0.2

4.1 ± 1.0

4.9 ± 1.2

10.8 ± 5.3
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Feeding strategie [3]

Bulk (B) or selective
(S) feeder [4]

Moist (M) or arid
savanna (A) species [5]

Scientific name
Neotragus
moschatus

Native (S)/not native
(N) to Ssaadani NP
Liveweight (kg) [2]

Suni

Population estimations
in Sadaani NP [1]

Table 3: Estimations and characteristics of ungulates in Saadani National Park

764

S

5

Browser

1.14

_

Bush Duiker

Silvicapra grimmia 753°

S

14

Browser

1.96

_

Harvey's Red
Duiker
Bohor Reedbuck

Cephalophus
harveyi
Redunca redunca

S

15

_

_

6508° S

47

Frugivores/also
Grass
Obligate grazer

2.76*

M

Bushbuck

Tragelaphus
scriptus

281

S

49

Browser

2.93

M

Warthog

Phacochoerus
africanus

3844

S

73

Grazer

_

M

Bushpig

Potamochoerus
larvatus

228

S

98

Omnivore

_

_

Lichtensteins's
Hartebeest

Alcelaphus
lichtensteinii

1598° S

161

Variable grazer

5.57** M

Greater Kudu

Tragelaphus
strepsiceros

271

S

210

Generalist/Browser 5.07

A

Wildebeest

Connochaetes
taurinus

2149

N

214

Variable grazer

6.32

A

Waterbuck

Kobus
ellipsiprymnus

3505

S

215

Obligate grazer

5.18

M

Sable antelope

Hippotragus niger

373

S

223

Variable grazer

4.89

A

Zebra

Equus quagga
boehmi

221

N

242

Grazer

6.5

A

Buffalo

Syncerus caffer

716

S

550

Variable grazer

9.85

A

Eland

Tragelaphus
(Taurotragus) oryx

270

S

561

Browser- graser
intermediates

6.13

A

Giraffe

Giraffa
camelopardalis
tippelskirchi

670°

S

1340 Browser

_

A

Hippopotamus

Hippopotamus
amphibius

S

1715 Grazer

_

_

Elephant

Loxodonta africana 266

S

3950 Generalist

_

A

[1] Treydte 2005; we suppose estimations to be too high
° Estimates derived from fixed width strip transect calculations
[2] Kingdon (1982 a,b)
[3] Hofmann (1973), Kingdon (1982 a,b), Bothma (2002), Gagnon and Chew (2000). Obligate Grazer:
>90% monocots, not variale/ Variable Grazers: 60-90% monocots, variable/browser grazer
intermediate: 30-70% dicots and monocots and <20% fruits/Generalists: >20% of all food types/
Browsers: >70% dicots/Frugivores: >70% fruits, little or no monocots.
[4] Janis and Ehrhardt 1988; *average between Redunca fulvorufula(2.48; 30 kg) data for Redunca
arundinum (3.04;75 kg); data for Alcelaphus buselaphus
[5] East, 1984
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Wildlife in Saadani National Park
The native ungulate fauna of Saadani Natonal park is quite diverse, and
includes African elephant Loxodonta africana, giraffe Giraffa camelopardalis, greater
Kudu Tragelaphus strepsiceros, bushbuck Tragelaphus scriptus, African buffalo
Synercus caffer, eland Taurotragus oryx, sable antelope Hippotragus niger,
Lichtenstein’s hartebeest Alcelaphus lichtensteinii, waterbuck Kobus ellipsiprymnus
and Bohor reedbuck Redunca redunca- the latter occurring in unusually high numbers
by African standard (Treydte et al. 2005) (Table 3). In addition, warthogs
Phacochoerus aethiopicus and some small browsing antelopes (grey duiker
Sylvicapra grimmia, Harvey’s duiker Cephalophus harveyi and suni Neotragus
moschatus) have always been present also in Mkwaja. The Saadani area also supports
herds of Burchell‘s zebra Equus burchellii and whitebearded wildebeest
Connochaetes taurinus, though neither species is native to the humid coastal region.
These populations come originally from a small zoo that was maintained at the former
Saadani Game reserve, which released the animals into the local area when it was
abandoned in the mid-1970's (East 1984, Baldus and Siege 2001). Saadani’s natural
vegetation is a mosaic of woodland and tall grass savanna, and it seems at first
surprising that these species from the upland plains were able to establish viable
populations. That this happened may reflect the coincidence that they were able to
colonize recently abandoned sisal plantations, which offered them open conditions
and suitable grazing on fertilized soils.
The composition and population densities of ungulates differ between Mkwaja
and Saadani. There is a lower diversity of animal species and much smaller
populations in Mkwaja than Saadani (Treydte et al. 2005). In the late dry season, large
herbivores (e.g. elephants) may migrate from Saadani to Mkwaja, which is probably
related to the water dams carrying a constant water supply. However, the non-native
zebra and wildebeest have rarely or never been observed in Mkwaja.
In addition to the large diversity of ungulate species, Saadani also has several
large carnivores. The main predators are lions Panthera leo and leopards Panthera
pardus.
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Study animals
The main study animals in this thesis are Bohor reedbuck Redunca redunca,
waterbuck

Kobus

ellipsiprymnus,

wildebeest

Connochaetes

taurinus

and

Lichtenstein's hartebeest Alcelaphus lichtensteinii and, for chapter 3, also African
buffalo Syncerus caffa and giraffe Giraffa camelopardalis. The choice of these
animals was partly because they are relatively common in Saadani National Park, but
also because they differ in body size, mouth morphology and feeding strategies (Table
3).
We limited our study to ruminant herbivores, choosing a spectrum from
variable grazers (Lichtenstein's hartebeest, waterbuck, buffalo) to obligate grazers
(Bohor reedbuck, wildebeest) (Hofmann 1973, Kingdon 1982a, b, Estes 1991,
Gagnon and Chew 2000) and covering weight classes from around 45 kg for Bohor
reedbuck to 550 kg for African buffalo (Kingdon 1982b).
Corresponding to the weight distribution, the smallest study animal Bohor
reedbuck is the most selective, being able to select particular plant species and plant
parts from each vegetation type. In contrast, the largest grazer, African buffalo, is
relatively unselective, making its food choices mainly on habitat type level.
According to Bothma et al (2002), buffalo is the only one of the study animal species
that is unable to select particular species or patches. This agrees with Grant & Scholes
(2006), who states that for African buffalos the quantity of forage is more important
than the quality, whereas wildebeests are able to select their feeding habitats on a
smaller scale according to its nutrient quality (patch selection). This ability to be
patch selective in adequate habitats is especially important for wildebeest, which is an
introduced species adapted to short grass savannas. The native study animals, buffalo,
waterbuck and reedbuck, however, are classified by Bothma et al (2002) as tall grass
species. Lichtenstein’s hartebeest is actually a miombo woodland species but,
although at the limits of its geographical range, well established in the palm grass
savannas of Saadani National Park. Together with waterbuck they represent the
intermediate selectivity level of our study animals, being in between the small
reedbuck and the taller wildebeest and buffalo.
For certain analyses in chapter 3 we include the giraffe as a large but selective
browser for comparison.
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Aim of the Thesis
This thesis focuses on the interaction between herbivores and vegetation in the
humid coastal savanna ecosystems in Saadani National Park. The main aim was to
relate the seasonal diet of a number of common grazers (Bohor reedbuck, waterbuck,
wildebeest, Lichtenstein’s hartebeest and African buffalo) to the quality and quantity
of food available in various habitats of this heterogeneous savanna ecosystem, as well
as to relate their habitat use to the structural characteristics of the habitats (grass
height and visibility). I aim to explain the differences among these grazers in seasonal
and regional diet and habitat use with the differences in their feeding strategies.
The main research objectives and the associated expectations are:
Objective 1: To analyse spatial and temporal patterns in the occurrence of Bohor
reedbuck, waterbuck, wildebeest and Lichtenstein's hartebeest in Saadani National
Park and to relate this to structural characteristics of the habitat, such as vegetation
height and visibility.
I expect that the more selective feeder Bohor reedbuck is omnipresent in all
habitats, as long as the vegetation is sufficiently tall to hide in from predators. The
taller and relatively less-selective wildebeests are expected to be limited to few areas
with relatively short grass habitats, which are generally nutrient rich and enable them
to detect predators (Bell 1971, Jarman 1974, Cromsigt and Olff 2006). I expect the
waterbuck and Lichtenstein's hartebeest, being grazers with intermediate selectivity
level, to tolerate open as well as rather closed habitat types as they are adapted to tall
grass, respectively to relatively dense miombo woodlands.
Objective 2: To investigate the diets of Bohor reedbuck, waterbuck and wildebeest,
and to determine how these are influenced by the nutritional quality of the fodder
species and their feeding strategy.
For all herbivores, but especially for the more selective feeders, I expect the
most favoured plant species to be those of above-average nutrient quality. I expect the
most selective feeder Bohor reedbuck to feed on the most nutrient rich plant species
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or plant parts in each season and thus have a larger variety in their food choice. I
expect the diet of the less selective waterbuck and wildebeest to be limited on the
plant species occurring in generally suitable habitats. For the wide muzzled
wildebeest, which is adapted to short grass habitats I expect the narrowest diet
variability.
Objective 3: To analyse how the nutrient (N and P) concentrations and quantity of
the living aboveground biomass of the main grass species in the different habitats
of the Saadani area change in time from wet to dry season. Evaluate if the
differences in plant quality result in differences in the nutritionally state of Bohor
reedbuck, waterbuck, wildebeest, Lichtenstein’s hartebeest and African buffalo,
reflected by the nutrient concentrations in their dung.
I expect that the habitat types and the occurring plant species will vary in
ranking for quality, quantity and greenness with ongoing dry season. Grazed plains
are expected to have the highest average nutrient quality and the highest proportion of
nutrient-rich plant species, while tall grass savannas were expected to have the
lowest. However grazed plains are also believed to be the habitat with the lowest total
biomass and with the highest loss in green plant material with increasing dry season. I
expect the most selective grazer reedbuck to keep its nutritional state, indicated by the
nutrient concentration in dung, more stable through the dry season, as it can select
living and nutrient rich plant parts, than the taller, less selective grazers, which have
to relate on the general plant offer of a habitat patch.
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Thesis outline
The thesis is organised into three main research chapters.
Chapter 1 “Patterns in distribution of Bohor reedbuck, waterbuck, wildebeest
and hartebeest in a humid savanna in Tanzania” is a study of patterns of habitat use
by Bohor reedbuck, waterbuck, wildebeest and Lichtenstein's hartebeest in the Sadani
area of Saadani National Park. Animal observations from road survey transects are
linked to the different savanna habitat types, as well as to the vegetation structure
(grass height and sighting distance) and recent fire events.

Chapter 2 “Seasonal variation in the diets of Bohor reedbuck, waterbuck and
wildebeest in a moist dystrophc savanna in Tanzania” is a study of the diets of three
ungulate species - Bohor reedbuck, waterbuck and wildebeest - in relation to the N
and P concentrations and the digestibility of all common savanna grass species. Diet
is determined using microhistological analyses of the herbivores dung at early dry and
late dry season and in the two areas Saadani and Mkwaja. For the nutrient analyses of
potential food items all common grass species (23 species) are simultaneously
sampled in 30 survey plots, representative for the 6 analysed habitat types.

Chapter 3 “Changing quality and quantity of forage for grazing ungulates
during the dry season in an Tanzanian humid savanna ecosystem” investigates the
changing quality and quantity of forage for grazing ungulates with increasing dry
season. 20 permanent plot surveys, distributed over four habitat types in the Saadani
region, are monitored in four subsequent periods on total biomass, living/dead
biomass and biomass of preferred food plants. Furthermore average nutrient
concentration of total biomass and of the fresh green leaves from preferred food
species are determined. We used dung nutrient concentrations (N&P) to measure the
nutrient status of the diet of Bohor Reedbuck, waterbuck, wildebeest, buffalo and
Lichtenstein's hartebeest, and to see how these study animals were able to compensate
for the general seasonal decrease of nutrients in vegetation according to their body
size and their degree of selectivity in feeding strategies.
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Abstract
Humid savanna ecosystems often exhibit considerable spatial heterogeneity,
with strongly contrasting plant communities occurring in close proximity. This
heterogeneity offers a range of habitats for large herbivores, and can permit a
relatively large number of species to coexist in these generally nutrient-poor
ecosystems.
We studied a humid, dystrophic savanna ecosystem in the Saadani National
Park on the coast of Tanzania. The Park supports an unusual herbivore community,
including four species - Bohor reedbuck Redunca redunca, waterbuck Kobus
ellipsiprymnus, Lichtenstein’s hartebeest Alcelaphus lichtensteinii and wildebeest
Connochaetes taurinus - that rarely occur together. The aim of our study was to
determine patterns of habitat use by these species, and to clarify how their habitat
niches are related to body size, feeding strategies and other ecological characteristics.
Habitat overlap among the four species was generally low, indicating a high
degree of niche separation. The two native Reduncini species, waterbuck and Bohor
reedbuck, preferred the nutrient-rich acacia woodland at night and grazed plains
during the day. The nutrient-poor palm savanna habitat was avoided by waterbuck but
heavily used by the miombo woodland adapted Lichtenstein’s hartebeest, which
avoided the grazed plains. The introduced wildebeest, a species of semi-arid
savannas, was mainly present in few highly mobile herds that roamed over the study
area but showed no strong selection for any particular habitat. Structural properties of
the vegetation, notably sighting distances, grass height and burning had small but
significant effects upon the distribution of animals.
We concluded that the four herbivore species coexist at Saadani because of the
diversity of habitats within a small area. This diversity allows not only the well
adapted waterbuck and Bohor reedbuck to fulfil their needs, but also provides niches
for Lichtenstein’s hartebeest and even the non-native wildebeest. The high Bohor
reedbuck population in Saadani is exceptional in East-African savannas and indicates
that the moist savanna ecosystem with abundant tall grass habitats offer ideal
conditions for this species.
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Introduction
African savannas are known for their large mammalian herbivore populations.
At a regional scale, the high ungulate diversity in African savannas can be related to
the spatial heterogeneity inherent in the savanna biome, and particularly to differences
in soil nutrient conditions and moisture (Du Toit and Cumming 1999). These varying
conditions, together with the effects of biotic interactions and fire (Skarpe 1992)
create a diversity of habitats that, in humid savannas, can occur in close proximity.
The interactions among these factors are complex and their relative importance may
vary according to the savanna ecosystem (Skarpe 1992, Olff et al. 2002).
The coexistence of several herbivore species is made possible because
individual species tend to occupy different feeding niches within the same vegetation
(Cromsigt et al. 2009). The most obvious niche separation is between grazing,
browsing and mixed feeders (McNaughton and Georgiadis 1986). A further useful
distinction (Owen-Smith 2002) is between selective and unselective (or bulk) feeders
(Gordon and Illius 1996). This difference is partly related to body size, though the
relation between body size and food quantity is not linear. Thus, large herbivores need
large amounts of food to maintain their body mass but are less selective in terms of
dietary quality (Du Toit and Owen-Smith 1989, Cromsigt and Olff 2006), while
smaller grazers - whose intake is restricted by stomach capacity - tend to search for
higher quality food such as nutrient-rich grasses or plant parts (Owen-Smith 1988,
Hofmann 1989, Gordon and Illius 1996).
The distribution of herbivores among different habitats varies among regions,
which is partly explained by differences in the quality and structure of the herbaceous
plant communities, which in turn reflect factors such as soil moisture, mineral
nutrients and the presence of trees (Olff et al. 2002, Treydte et al. 2007). The high
seasonal variation of resources in African savannas (Shorrocks 2007) forces animals
to select their habitat carefully to meet their resource requirements (Hanley and Page
1982, Van Soest 1994). Indeed, there is good evidence that nutrient quality of herbage
is more important than quantity in determining the regional and local distribution
patterns of mesoherbivores (McNaughton 1985, McNaughton 1988, Frank et al.
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1998). Therefore sites such as grazing lawns offering food of above-average quality
(McNaugthon 1984, Leriche et al. 2003, Verweij et al. 2006) might be of particular
interest for the subsistence of mesoherbivores, particularly on nutrient-poor soils
(Verweij et al. 2006). Most information about habitat selection by grazers of different
sizes comes from large semi-arid systems such as Serengeti and Kruger National
Park, where animals are free to move over large distances to feed on nutrient-rich
areas in the dry season (Ben Shahar and Coe 1992). In smaller areas, where ungulates
are restricted in their movements, they have to optimise their diet by small scale
movements among different habitats types (Verweij et al. 2006). Little is known
about such seasonally variable use of habitats of herbivores in humid, dystrophic
savannas. Because of the generally low nutritional quality of herbage in such
ecosystems, however, we would expect herbivores adapted to these ecosystems to be
more selective in their feeding choices (Bell 1982, Huntley 1982, East 1984).
Fire is a main driving force for savanna dynamics (Wilsey 1996, Gureja and
Owen-Smith 2002). Especially in areas where ungulate migration movements are
restricted, the burned areas might be of particular importance during critical dry
periods. By removing accumulated biomass, fire can stimulate regrowth of nutrientrich plant material, even in generally nutrient-poor savannas with tall grass species
(Anderson et al. 2007). Herbivores are attracted by burned areas, and can often be
found in large numbers on recently burned areas (Tomor and Owen-Smith 2002,
Archibald and Bond 2004). If the burned areas are small they may be transformed into
grazing lawns by the high concentration of animals that use them, whereas much
more extensive fires might even dilute the attraction of high nutrient-rich patches
(Archibald et al. 2005). Because ungulates of different sizes have diffent nutritional
needs, the influence of fire upon their feeding ecology may also differ (Wilsey 1996,
Gureja and Owen-Smith 2002).
Besides the need to meet nutritional requirements, habitat choice by an animal
depends on several other factors including shelter, water availability, predator
avoidance and other interactions with wildlife (Sinclair 1985, Redfern et al. 2003).
Species of open plains, like wildebeest Connochaetes taurinus, rely on detecting
predators from a distance (Lamprey 1963, Kingdon 1982a, Estes 1991), and may have
difficulties in more closed vegetation. For other species, the height of the vegetation
might be especially important (Traill 2004). For example, in case of danger Bohor
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reedbuck Redunca redunca select areas of tall grass to lie down and hide in (Jarman
1974, Kingdon 1982b, Estes 1991). Redfern (2003) proposed that for some grazing
ungulates there is a trade-off between nutritional requirements and surface-water
constraints, especially when forage quantity or access to high-quality forage are
reduced. However, according to season, time of day and activity (grazing, resting,
etc.), other factors are also important in determining an ungulate's choice of habitat.
While it may be advantageous in open areas to be part of a herd, predator
avoidance through hiding, as for the small sized Bohor reedbuck (Jarman 1974), is
more effective for an individual or small group, especially for smaller species.
However, animal aggregations are also influenced by other factors such as the
availability of habitats with adequate food, which decreases as the dry season
progresses. Thus, in dry periods large aggregations of normally solitary animals can
often be observed in nutrient-rich habitats, as for example post-fire sites or still green
habitats along rivers or in swamps (Jarman 1974, Leuthold 1977, Estes 1991, Arcese
et al. 1995, Prins 1996, Afework et al. 2010).
The aim of this study was to analyze patterns of habitat use by four animal
species that differ in size and feeding strategy: Bohor reedbuck, waterbuck Kobus
ellipsiprymnus, wildebeest and Lichtenstein’s hartebeest Alcelaphus lichtensteinii. We
asked how these herbivores' use of habitat was influenced by spatial, temporal and
structural factors. The specific research questions were as follows:
1. What is the spatial distribution and the habitat use of the four study
animals?
2. How do the distribution and habitat use of the study animals vary
diurnally and seasonally?
3. Are all study animals attracted to post-fire sites and are some habitat
types specifically attractive after burning?
4. Do group sizes vary among the study animals?
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Figure 1: Study area in Saadani National park with habitat squares along road transects
(total lenght of transects: 75.4 km).
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Methods
Study area
The study area is part of the moist coastal savanna ecosystem of the Saadani
National Park (1000 km2), which lies on the coast of Tanzania (East Africa) (Figure
1). The study was conducted in the southern half of the national park (Saadani
region), which was partly used for agriculture (mainly sisal) until 1969, when it
became part of a game reserve. After agriculture was abandoned, the areas that had
formerly been sisal plantations, tended to develop into open, grassy plains, while
other areas retained coastal savanna vegetation. Today the landscape is a
heterogeneous mosaic of open grassland plains dotted with palm-trees Hyphaene
compressa, patches of evergreen bush, and open woodland of Acacia zanzibarica
(Tobler et al. 2003). The soils in this area are mainly nutrient-poor (Cech et al. 2010)
and consist of greyish fine sand, loamy sand or black cotton loam in the flats, and
reddish loamy sand over clay on slopes and hilltops (Klötzli 1980).
The average temperature in the Saadani area is 25°C and annual rainfall
averages 900 mm, with values ranging in individual years from 500 mm to 1700 mm
(Tobler et al. 2003). The area experiences two main rainy seasons per year, a short
one from October to December and a longer one from March to June. We recorded
precipitation close to the study area with a tipping bracket rain gauge (Onset Corp.,
MA, U.S.A.). Relative humidity and temperature were measured at 15 minutes
intervals using a data logger (HOBO Pro, Onset Corp., MA, U.S.A.). In the driest
months January, February, August and September bush fires are common (Figure 2).
There are several water-holes in the study area, so that water is on average
about 4.1 km away, except perhaps at the end of the dry season when some waterholes may dry out.
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[1] Data from Chapter 2 " Changing quality and quantity of forage for grazing ungulates during the dry season in an Tanzanian humid savanna ecosystem"
Latin numbers: occurrence in number of sites per habit: + = 1-10%, I = 11-20%, II = 21-40%, III = 41-60%, IV = 61-80%, and V = 81-100%
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P (mg/g) of P. infestum
9.8 ±1.5

6.7 ±2.2

9.5 ±1.7

-

-

1.1 ±0.4

0.9 ±0.2

1.2 ±0.7

-

-

17.6 ±0.9 0.9 ±0.1

-

N (mg/g) of P. infestum

Table 1: Description of the 7 study habitats in Saadani National Park. All data were collected in August 2007.
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Figure 2: Total monthly rainfall and mean temperature in the Saadani area, Juli 2005
to September 2007. The blue boxes show the months when animal survey transects
were done.

Habitat types of this study
We distinguished seven major habitat types, spanning a gradient from most
closed to most open in terms of sighting distance, bush and tree cover: forest, acacia
woodland, bush savanna, acacia savanna, tree savanna, palm savanna and grazed
plains as well as other habitats. The major criteria used to classify the vegetation into
these eight habitat types were canopy cover, major “tree” species and bush density
(Table 1). We used three classes of canopy cover - closed, semi-closed and open - as
the basis for distinguishing forest and woodland, savanna and plain. However, as
shelter and sighting distance were important for some ungulates, we introduced a
further category, “bush”, for savannas with >30% bushes. The remaining savanna
types were classified according to main tree species: A. zanzibarica (acacia), H.
compressa (palm) and other trees. The presence of these tree species might be linked
with sandy soils for palms and with loamy or sandy soils for acacias, and the two
types are linked to differences in grass species and structure. Plains were generally
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Table 2: Estimations, observations and main characteristics of the study animals in Saadani National Park.
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treeless (<5%), without bushes and occurred mainly on loamy to black-cotton soils.
As they were often grazed by herbivores we call them grazed plains.
In the last study period ED 2007, several structural factors were measured in
each habitat square (Table 1). Average sighting distance (max. of 648 m) varied
significantly (F=47.6; <0.0001) among habitats, being greatest in grazed plains and
least in acacia woodland. Thus, although grazed plains made up only 17.7% (101
squares) of the total 570 squares, they represented 34.8% of the area surveyed because
of the larger sighting distances in this habitat (Figure 3). The habitat type forest was
rarely encountered (0.8% of total transect survey area; 4.7% of total squares) and was
excluded from further analyses.
Average grass height in palm savanna (maximum of 170 cm) was
significantly greater than in the other habitats (F=32.6; P<0.0001). In the last survey
period a total of 35.6% of the surveyed area were burned. Proportions of burned
versus unburned habitat squares varied significantly within habitats except in bush
savanna (Chi-square 26.29; <0.0001) (Table 1). In burned sites there were no
significant differences in grass height among habitat types.
Study animal description
The species composition and abundance of ungulates vary widely within
Saadani National Park, with the highest density occurring in the Saadani study area
(Treydte et al. 2005). This area supports a large number of Bohor reedbuck but no
impala Aepyceros melampus and other gazelles. However, it has relatively high
numbers of Lichtenstein’s hartebeest, normally a miombo woodland species.
Waterbuck is well adapted to the mixture of grazed plains and more closed bush
savanna or acacia woodland and is a common species in the Park (Table 2). In the
late 1970's, several animal species were released in the Saadani Game Reserve,
among them two species, wildebeest and zebra Equus quagga, that are associated
with semi-dry savanna systems (East 1984, Baldus and Siege 2001). Nevertheless,
wildebeest integrated well into the Saadani ecosystem and several groups now roam
in the area. Thus, Saadani has an unusual herbivore community, including four
species - Bohor reedbuck, waterbuck, Lichtenstein’s hartebeest and wildebeest - that
rarely occur together. In this study, we focussed on these four species, all of them
grazing ruminants and all abundant in Saadani (Table 2).

-49-

Chapter 1
----------------------------

Data collection
The study was conducted between 24.12.2005 and 10.9.2007 (Figure 2). Four
study periods were chosen for wildlife counting: two in the hot late dry season after
the short rains (LD05 from 24.12.2005-4.1.2006 and LD06 from 20.2.200727.2.2007) and two in the early cooler dry season (ED06 22.8.2006–1.9.2006 and
ED07 15.8.2007–27.8.2007). Surveys were not possible during the rainy seasons
because roads were impassable. Indeed, because of heavy rainfall in December 2006,
the survey LD06 had to be delayed to February 2007 (Figure 2). Some rain did fall
during some of the survey periods.
Six road transects were surveyed in the four survey periods (Figure 1).
Together, these transects had a total length of 75.4 km and covered nearly the entire
road system of the Saadani area. Each transect was surveyed once in the early
morning, starting at 6:30 am and ending at 10:00 am at the latest, and once in the
evening, starting an hour after sunset (around 7:30 pm) and ending at 12:30 pm at the
latest. While the car was driven at a speed of 5-10 km/h, the observer stood on the
passenger seat of the car and looked out through the roof (height of ± 3 m), scanning
both sides of the road. At night, a handheld spotlight was used to scan the
surroundings and locate reflections from eye pairs. Many vertebrate animals,
including our four study animals, have a tapetum lucidum (a mirror-like membrane
situated behind the retina) that reflects the light back through the retina. The spotlight
method however excludes animals such as Suidae species that lack this structure.
Whenever an animal was detected, we recorded the location of the car using a
handheld GPS device (GPS 12 XL, Garmin 96), and determined the distance to the
animal with a range finder (Leica M6 TTL 0.85) and its bearing with a compass. For
groups of animals, we recorded the distance and bearing to what appeared to be the
centre of the group. We determined species, sex, age and number of animals in the
group and, if possible, grass height, burning state and surroundings of the animal.
In the last period SoS07, we mapped the habitats along the road transects by
stopping every 250 m and surveying the habitats on both sides of the road. With
ArcGIS 9.3 (ESRI 2010) we then constructed a habitat map along the transects. While
250 m (125m to the left and the right of each survey spot) was the constant length of
each square, the breadth of the squares was determined by the sighting distance
measured from the survey spot (Figure 3). Sighting distance was the mean distance
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from the road to the next obstacle (tree, bush…) measured from an observation height
of 3m to the left (SL) and right (SR) side of the road using a range finder (Leica M6
TTL 0.85).

Figure 3: Scheme how a habitat square was constructed with ArcGIS 9.3. Each square
stretches 250 m (W) along the road, with the survey spot as the middle (P), and the sighting
distance (SL or SR) is the breadth of the square going to the left (L) ort he right (R) inside the
field.

From each survey point, the following parameters were recorded: habitat type,
signs of recent fire, sighting distance, grass height (divided in categories <45 cm, 45130 cm, >130 cm), dryness of grass, main tree species, and bush or tree cover. The
choice of grass height categories was based upon the assumptions that Bohor
reedbuck can hide in grass >45 cm tall, and that waterbuck and wildebeest are unable
to scan their surrounding when the grass is >130 cm. The sighting distance was used
on one hand as indicator for how far animals can overview their surroundings.
The determination of the habitat type was valid for data collected in all four
study seasons. The more temporary factors such as fire traces were only recorded in
the last period SoS07.
GIS usage
In order to visualise the study animals distribution in the study area, we
constructed a kernel density estimation grid from the transect survey data. For this
purpose, we used the Hawth’s analysis tools for ArcGIS 9.3 (ESRI 2010) with a
volume contour of 95% to display the frequency distributions of the various species.
The kernel density estimation is a nonparametric statistical method for estimating
probability densities and is often used for home range analyses. In Hawth’s analysis
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Kernel Distribution over all four study periods

Lichtenstein’s Hartebeest

Wildebeest

Waterbuck

Bohor Reedbuk

A

Kernel Distribution per study periods

LD05

ED06

LD06

ED07

Bohor Reedbuk

B

Wildebeest

C

Figure 5: Kernel densitiy distributions (95%) for the study animals of all seasons (A) and per
season for Bohor reedbuck (B) and wildebeest (C)
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tools a fixed kernel density estimate is calculated using a quadratic approximation to a
true Gaussian kernel function.
Statistical analyses
We determined whether the animals' distribution among habitats differed
significantly from random using a permutation-program developed in R 2.3.0. In a
first step, the number of observations of an animal species was randomly distributed
among the 566 habitat squares and then the actual observation frequency in each
habitat type was written into a matrix. After 10’000 permutations, a two-sided 95%
confidence interval for the percentage of observations in each habitat type (assuming
no selectivity, i.e. random distribution) was calculated for each period.
For further analyses, we used R as well as JMP7 (S.A.S.INSTITUTE INC.
2007).We used ANOVAs and Chi-square test to analyse differences between sighting
distances, grass heights, fire events and group size effects in between habitat types.
Sighting distance was Log10 transformed to reach a normal distribution; grass height
was not normal distributed, even with transformations. We therefore used grass
heights categories for statistic calculations.
In order to estimate how uniformly the different habitats were used by each
animal species we used the following coefficient of variation (CU).
CU = coefficient of variation

(

% use of habitati
% offer of habitat i

)

habitat i = observation frequency per animal
species for each habitat over four season

To analyse the effects of habitat structure and fire on habitat use we plotted
the percentage of animal observations in the period ED07 in the respective squares of
the various habitats in relation with the total percentages of these habitats.
Randomization tests were performed to test whether apparent associations were
significant.
In order to estimate the habitat overlap between animal species and daytime,
we calculated the Simplified Morisita’s index (CH) according to Horn (1966):
CH =

2 P ij P ik

P ij P ik = proportion of resource in the total resources used by the

 P 2 ij +  P 2 ik

two species j and k
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Results
Group size and spatial distribution of the four species
In total we recorded 2759 individual animals in 912 observations (Table 2).
Averaged over all survey periods, the group sizes of the herbivores varied
significantly among animal species. Bohor reedbuck had the lowest average group
size (Figure 4 B), and the majority of animals were observed either as solitary
individuals or in pairs. Lichtenstein’s hartebeest was mainly seen in groups of
between 3 and 16 animals, and only rarely in larger or smaller groups (Figure 4 A).
Wildebeest were mainly observed in larger herds, often of over 100 animals, though
groups of 3-16 animals were not infrequent. These differences in group size among
species were highly significant (F=80.5; P<0.0001).

Figure 4: Proportion of total number of observed animal (A) and proportion of animal
observations (B) in 3 group size categories for all four periods. In total were observed (total
observed animals / animal observation frequency): 686/47 wildebeest, 269/45 Lichtenstein’s
Hartebeest, 1361/662 Bohor reedbuck, 443/158 waterbuck.

The four species varied in their use of the study area, but there was a clear
“hotspot” where densities of all species were usually high (Figure 5 A). This area was
an open plain (Figure 1) on the former sisal plantation, with small water holes that
provided water into the dry season.
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Bohor reedbuck (Figure 5 B) and wildebeest (Figure 5 C) showed differing
patterns of variation among recording periods. While Bohor reedbuck were present
throughout the transects and showed little variation in between seasons, wildebeest
tended to occupy different areas in different seasons. The behaviour of waterbuck and
Lichtenstein’s hartebeest were intermediate between these extremes.
Habitat use
Habitat use varied significantly among the four species (Chi-square: 87.2;
P<0.0001) (Figure 6). In general, the distributions of Bohor reedbuck and wildebeest
reflected the relative extents of the different habitats, whereas Lichtenstein’s
hartebeest showed a clear selection for palm savanna and waterbuck for more closed
habitats such as acacia woodland (Figure 6).

Figure 6: Habitat use of the four herbivore species (Mean percentage of all four study periods)
and habitat availability (percentage of area per habitat). Under each animal bar is indicated the
total number of observations over the fours study periods. Significant (p<0.005) selection or
avoidance is indicated by + (animals were more often observed than randomly expected) or –
(less often observed than randomly expected) signs, respectively.

Waterbuck also showed a significant change in habitat use over the four
survey periods (df=15, Chi-square: 26.44 ; P<0.034), which was not observed for the
other species. Thus, they showed particularly high use of tree savanna in LD05, of
acacia savanna in ED07, and of acacia woodland in ED06 and LD06.
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Depending on the animal species, observation frequency varied between night
and day. While Lichtenstein’s hartebeest and wildebeest were recorded less frequently
at night, observations of Bohor reedbuck increased by a factor of six from 176 in the
morning to 1185 at night. Waterbuck observations remained constant with 218 by day
and 225 at night.
Bohor reedbuck showed the most uniform distribution amongst habitats, while
Lichtenstein’s hartebeest were the most selective (Table 3). Reedbuck and waterbuck
tended to use different habitats in the early morning and at night (df=5, Chi-square:
25.51 and 22.34, respectively; both P<0.0001) (Figure 7). While both species
preferred the grazed plains in the morning (i.e. their use of this habitat was higher
than predicted from a random model), they shifted to acacia woodland at night.
Waterbuck also selected acacia savanna at night but tended to avoid palm savanna at
all times (Figure 7).



Table 3: Coefficient of variation within the habitat use of the four study animals (observation)
Wildebeest
Hartebeest
Waterbuck Reedbuck
Coefficient of variation
0.35

 


Habitat use overlap amongst pairs of species varied widely, according to the
species concerned and the time of day (Table 4). Lichtenstein’s hartebeest had the
lowest overlap with the other species (30-57% overall), while Bohor reedbuck and
waterbuck showed the highest correlation (99% overall). Wildebeest had rather high
overlaps with Bohor reedbuck and waterbuck, especially when day and night
differences were not taken into account.

Wildebeest*
Reedbuck

Wildebeest*
Waterbuck

Hartebeest*
Reedbuck

Hartebeest*
Waterbuck

Reedbuck*
Waterbuck

All observations
Morning
observations
Night Observations

Wildebeest*
Hartebeest



Table 4: Habitat use overlap (Simplified Morisita Index) between study animals

51

99

94

57

30

93

65

87

89

46

36

97

17

83

74

54

24

81
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Figure 8: Percentage of animal observations
in the period ED07 in burned squares of the
various habitats in relation to the total
percentages of these habitats that were burned
(A). Further more average sighting distances
where animals were observed (B) and average
grass height where animals were observed (C)
with the mean values in the various habitats
in the period ED07. All data are limited to
observations from period ED07. In C we
distinguish between grass heights in burned
and unburned habitats. In B and C standard
deviations are shown for the sighting
distances, resp. grass heights in the squares
were animals were observed. The different
habitat types are indicated by letter codes.
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The habitat use overlap between morning and night observations was highest
for Lichtenstein’s hartebeest and lowest for waterbuck (Table 5).



Table 5: Habitat use overlap (Simplified Morisita Index) between day and night use
Wildebeest
Hartebeest
Waterbuck Reedbuck
Habitat use overlap between

84
72
86
day and night use (%)

Effects of habitat structure and fire on habitat use
In the period ED07, 36% of the total habitats squares were burned. Figure 8A
showed that Lichtenstein’s hartebeest occurred mainly in unburnt areas (N=11,
P<0.005), while waterbuck tended to prefer burnt areas, though the effect was not
significant (N=34, P=0.058). Bohor reedbuck (N=178) showed no tendency in either
direction. Wildebeest was only observed 3 times in period ED07, so that statistical
evaluation was not possible.
To investigate whether the location of animals was affected by local visibility,
we compared the average sighting distances at animal positions observed with the
mean values in the various habitats in the period ED07 (Figure 8 B). Sighting distance
varied considerably amongst habitat types, from a mean of 55 m in acacia woodland
to 230 m in palm savanna (Table 1). Randomization tests showed that Bohor
reedbuck preferred sighting distances under 50 m and over 150 m and avoided
intermediate distances (50 to 150 m) at night, while waterbuck showed a tendency in
its diurnal use for sighting distances over 150 m in the morning. Lichtenstein’s
hartebeest showed no tendency for any category.
Grass height varied considerably amongst habitat types, from a mean of 44 cm
in acacia woodland to 111 cm in palm savanna. These values excluded the burned
squares where the grass was much shorter (ca 26 cm) and did not differ between
habitat types (Figure 8 C). There was some evidence that animals selected within
habitats for patches with shorter vegetation. Thus, the mean grass height of the used
squares was always lower than that for the habitat as a whole (data not shown) but
there were no obvious trends when only the unburned squares were considered (Figure
8 C).
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Discussion
Saadani National Park supports a combination of herbivores that is quite
unusual in East-African savannas. This is partly due to its management history
including large sisal plantations, but also because, as a moist savanna ecosystem, it
offers a high heterogeneity of habitats in a relatively small area. The high densities of
Bohor reedbuck are a distinctive feature of Saadani National Park. This species,
together with waterbuck, wildebeest and Lichtenstein’s hartebeest, accounts for 61%
of the estimated herbivore population (in numbers) of the Park (Treydte et al. 2005).
Bohor reedbuck and waterbuck - both members of the Reduncini tribe - are species of
wetlands and wooded savannas (Kingdon 1982b, a, Estes 1991) and are thus well
adapted to the heterogeneous moist savanna ecosystem of Saadani National Park.
Lichtenstein’s hartebeest, in contrast, is commonly associated with miombo woodland
or open shrubland. Indeed, Saadani may be one of the few areas where both
Lichtenstein’s hartebeest and Bohor reedbuck occur together, being at the northern
geographical limit of the former and close to the southern limit of latter (East 1999,
Tawiri 2011). After its introduction to Saadani in the 1970's, wildebeest, although
native in semi-arid open savanna, established well in the Saadani ecosystem, and the
species is now present in relatively high numbers. Thus, the coexistence of these four
herbivores is very unusual, and reflects both the history of the Saadani National Park
and its complex habitat mosaic.
But not all of our study animals use the full range of habitats in Saadani
National Park uniformly. Lichtenstein’s hartebeest, in particular, concentrates in one
single habitat, palm savanna, as was shown by the high coefficient of variance and
the low overlap with the other study species. In Saadani, this species is at the northern
edge of its geographical range (East 1999), and elsewhere is more commonly
associated with miombo woodland or open shrubland (Estes 1991). Although the limit
of the natural distribution range of miombo woodland is just about 100 km northwest
from Saadani National Park, this habitat is absent in Saadani (White 1983). However,
the tall-grass palm savanna seems to meet the habitat requirements of the
Lichtenstein’s hartebeest equally well; not only is it structurally similar to the
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miombo habitat, having an open canopy cover of scattered trees, but it is nutrient poor
and has a grass layer dominated by Antropogoneae (Desanker et al. 1997).
The low habitat overlap of Lichtenstein’s hartebeest with the other three study
animals could thus be explained by the fact that it is the only species not related to
grassland savannas. Among the grassland species, waterbuck and reedbuck are both
adapted to humid savannas, while wildebeest is native in semi-arid savanna
ecosystems (Kingdon 1982a, Estes 1991). Indeed, there has only been a population of
wildebeest in Saadani since the 1970's, when some individuals were released from a
zoo and are now present in relatively stable numbers (Baldus and Siege 2001).
Although the species commonly relies on short grass plains (2-12 cm; Alberts et al.
2009) such as those in Serengeti, Melton (1987a) and Traill (2004) also observed
them in open acacia woodland, in areas where no plains were available. In Saadani,
however, wildebeest showed no strong association with any particular habitat, though
this may reflect the small number of observations. Plotting the distribution of all
animals lead us to suppose that there are two major wildebeest herds (circa 100
individuals) in Saadani that roam the study area and thus move through all habitats.
This would be consistent with the known mobility of the species, and help explain
why its patterns of habitat use overlapped with those of all other species. The data
also suggest that wildebeest in Saadani are continually in search of habitats offering
an adequate quantity and quality of food. In this respect, the nutrient-rich grazed
plains (see Chapter 3) that developed mainly on former sisal plantations, and burned
areas (unpublished results A. Stähli), may be particularly valuable. Besides offering
relatively large areas of good quality food they are characterized by good visibility, a
factor on which wildebeest rely for detecting and fleeing from predators (Wilmshurst
et al. 1999, Traill 2004, Cromsigt and Olff 2006).
Although giving lower predation risk to each individual, large herds require a
large amount of good quality food in order to sustain all members. Such conditions
are not common in humid savanna, which helps explain why Lichtenstein’s hartebeest
- a species usually associated with miombo woodland - occurred mainly in small
groups up to 16 animals. Similarly, the two study animals well adapted to humid and
nutrient poor savannas, reedbuck and waterbuck, were mainly observed either alone
or in small groups, which may in turn influence their predator avoidance strategies.
While the open savanna species wildebeest relies upon good sighting distances and
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early flight when predators appear (Lamprey 1963), waterbuck (Spinage 1982, Estes
1991) and reedbuck (Jungius 1971, Kingdon 1982b) will search for shelter. In some
areas, however, lack of water during the dry season could provoke larger aggregations
of Redunca sp. (Jungius 1971, Kingdon 1982b, Estes 1991, Afework et al. 2010) and
waterbuck to form in proximity to water. Since the waterbuck requires up to 9 litres of
water each day (Alberts et al. 2009), it is highly dependent upon access to water
(Taylor et al. 1969, Van Lavieren and Bosch 1977, Spinage 1982). As water holes are
relatively frequent in Saadani (mean water spacing 4.1 km) - unlike some semi-arid
ecosystems such as Serengeti or Kruger National Park (mean water spacing is 10 km;
(Owen-Smith 2004)) - they are probably not a limiting factor and quality and quantity
of food might be a more important factor for aggregations.
If distance to water can be excluded as a decisive factor, waterbuck will prefer
medium density acacia woodland (Lamprey 1963, Harris 1972, Spinage et al. 1972,
Spinage 1982, Melton 1987b), woodlands (Hirst 1975, Tomlinson 1979, Tomlinson
1980, Traill 2004) and open grassland (Tomlinson 1979, Tomlinson 1980, Wirtz and
Kaiser 1988, Waltert et al. 2009) with intermediate bush (Spinage 1982). These
preferences were confirmed by habitat use of waterbuck in the moist savanna
ecosystem of Saadani and indicate that this species is well adapted to the moist
savanna ecosystem. Waterbuck tended to occur in the morning in grazed plains
habitats and at night in acacia woodland and acacia savanna habitats. This diurnal
shift to the rather dense acacia woodland habitats at night is probably linked to
waterbuck’s predator avoidance strategy of sheltering from predators.
While waterbuck, the second most common animal species, was observed 158
times, the commonest species, reedbuck, was observed 1361 times. This high
population numbers in Saadani National Park correspond to the estimations from foot
survey by Treydte (2005). The high reedbuck population in Saadani is exceptional in
East-African savannas. These high numbers are probably linked, on the one hand, to
the absence of competing grazers of similar size, like Grant Gazelle Nanger granti or
impala Aepyceros melampus, which occur in most East-African savanna ecosystems.
On the other hand, they may also reflect the anti-predator behaviour of Bohor
reedbuck, which restricts them in drier savanna ecosystems to the humid areas, where
a certain grass height is assured. Indeed the reedbuck’s body mass under the threshold
of 150 kg defined by Sinclair (Sinclair et al. 2003) indicates predator-domination and
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avoidance therefore might be a main factor in the habitat choice. Like all the other
Redunca species, it lies down and hides when predators are detected, or else quietly
retires to nearby shelter (Jungius 1971, Kingdon 1982b). It is estimated that they need
vegetation of at least 45 cm tall in which to hide (Alberts et al. 2009). Since all habitat
types in Saadani meet this requirement, Bohor reedbuck is probably not limited by the
structure of the vegetation. Indeed reedbuck is the most evenly distributed study
animal over all habitats, as is shown by the low coefficient of variance in their habitat
use. Thus the moist savanna ecosystem seems to offer ideal conditions for Bohor
reedbuck.
Like waterbuck, reedbuck also showed strongly contrasting patterns of habitat
use in daytime and at night. In addition, fewer Bohor reedbuck (by a factor of 6) were
detected in the morning than at night. This contrast reflects the difficulty of detecting
these animals in tall grass or acacia woodland except when fleeing, which in any case
is more likely in open grassland (Jungius 1971). Thus, for diurnal foot surveys in
Katavi, (Waltert et al. 2009) applied lower detection rates (0.35) for Bohor reedbuck
than for waterbuck and Lichtenstein’s hartebeest (both 0.55). At night, however,
reedbuck are much easier to detect because of their reflective tapetum lucidum, and
most animals were probably recorded, especially in smaller habitat patches. Indeed,
spotlight counting is a recognised method used in other areas, like Kwa Zulu Natal for
assessing Southern reedbuck (Redunca arundinum) populations (Boyes and Perrin
2006).
In conclusion, Saadani National Park supports an unusual combination of
herbivores, partly because of its management history but also because of the high
heterogeneity of this moist savanna ecosystem. The diverse habitats allow not only
the well adapted waterbuck and Bohor reedbuck to fulfil their needs, but also provide
niches for the miombo woodland species Lichtenstein’s hartebeest and even the nonnative wildebeest, a species of semi-arid savannas.
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Abstract
The dietary composition of African ungulates can vary considerably among
species, seasons and regions, though most of our knowledge comes from semi-arid
eutrophic savannas. We investigated the seasonal (early dry and late dry) and regional
diet composition of three species - Bohor reedbuck Redunca redunca, waterbuck
Kobus ellipsiprymnus and wildebeest Connochaetes taurinus - in a moist dystrophic
savanna in Tanzania. We hypothesized that the smaller and more selective grazer
Bohor reedbuck would be flexible in its diet, taking the most nutrient-rich plant
species or plant parts available at any time. In contrast, the larger waterbuck and
wildebeest cannot select particular plant parts, and we expected it to take larger
amounts of the more nutrient-rich plant species.
We determined the diet by identifying plant cuticle fragments in dung samples
collected in the early and late dry season from two regions of the Saadani National
Park. Also, we sampled the 20 commonest grass species in these regions and
determined their N and P concentrations and digestibility. All three ungulates had very
narrow diets. In the early dry season Panicum infestum was the most important food
plant, while in the late dry season increasing proportions of Heteropogon contortus or,
in case of Bohor reedbuck in the Mkwaja area, dicotyledons (unidentified) were
consumed. Only two other species, Eragrostis superba and Chloris mossambicensis,
were represented by >10 percent of plant fragments. The proportions of plant species
in the diet of Bohor reedbuck in the early dry season were weakly correlated with
their leaf N or P concentrations, but otherwise there were no significant correlations
of diet with plant quality. Thus, our results of leaf N and P or digestibility can only
partly explain feeding selection and we suggest that other food quality factors (e.g.
Ca, Cu, Zn), overall vegetation composition and the respective biomass of plant
species and plant parts should be considered in further studies. Further more other
factors influencing food quality and availability, such as fire, may alter plants
attractiveness in late dry season. Thus the high abundance of young and nutrient rich
H. contortus on recently burned sites may explain the drastic increase of H. contortus
in the ungulates diet.
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Introduction
The savannas of Central and East Africa are very diverse in their floristic
composition and structure. Semi-arid, eutrophic savannas such as Serengeti are
grazing ecosystems that support a remarkably high diversity and biomass of ungulate
herbivores (Sinclair and Arcese 1995, Du Toit and Cumming 1999). However, very
different types of savanna vegetation - many probably of anthropogenic origin - occur
in regions with a higher mean annual rainfall. These humid, dystrophic savannas
support a lower diversity and biomass of herbivores, which can be linked to the lower
nutritional quality of the herbage (Huntley 1982, Olff et al. 2002). In these systems,
fire plays a more important role in maintaining the character of the vegetation (Bond
and Keeley 2005).
The ability of several ungulate species to coexist within the same savanna
ecosystem has been related to the diversity of feeding strategies among both ruminant
and non-ruminant species (Lamprey 1963, Bell 1971). The most obvious type of
variation in feeding strategies relates to the proportions of tree leaves and grasses in
the diet (Hofmann 1973, Ego et al. 2003, Gordon 2003). Thus, strict grazers feed only
on herbaceous plants, especially grasses, while strict browsers feed only on tree
foliage; and there are also mixed feeders that take both types of plant material in
varying proportions. Although the leaves of dicotyledonous trees tend to be richer in
nutrients than those of grasses, they may also contain higher concentrations of toxic
compounds or digestibility-reducing substances such as tannins, thereby reducing
their nutritional value to non-adapted herbivores (Owen-Smith 1997, Codron et al.
2007b).
Even amongst grazing species, there is considerable variation in diet
selectivity, especially in terms of the nutritional quality of plant material (Codron et
al. 2007a). In general, this selectivity can be related to three main parameters - body
size, digestive capacity and mouth size (Hantley 1982). Thus, small ungulates tend to
select the most nutrient-rich forage (Jarman–Bell hypothesis) (Bell 1971, Jarman
1974, Prins and Olff 1998, Arsenault and Owen-Smith 2002, Olff et al. 2002, Codron
and Brink 2007), whereas larger ones take larger amounts of less nutritious plant
material (Hantley 1982, Illius and Gordon 1993, Brashares et al. 2000). However,
even less selective ungulates can enhance the quality of their diet by choosing to feed
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in communities with more nurient-rich plant species (Ben Shahar 1991), or in
nutrient-rich patches such as recently burned areas and grazing lawns (Jarman 1974,
McNaugthon 1984, Fryxell 1991, Tomor and Owen-Smith 2002, Archibald and Bond
2004, Grant and Scholes 2006).
A question that has scarcely been investigated is whether there is a general
relationship between dietary quality and the number of plant species in the diet.
Because large grazers are relatively unselective, we might expect the numbers and
proportions of species in their diet to reflect closely the composition of the habitats in
which they feed. In contrast, we would expect the diet of smaller, selective feeders to
reflect their choices for particular plant species and plant parts rather than the
composition of any particular plant community. The implications of selective feeding
for dietary breadth, however, are not obvious: if the herbivore searches for particular
plant species of high nutritional quality, then species diversity could be low;
alternatively, if it selects the most nutrient-rich tissues of all plant species across a
range of habitats, then dietary breadth could be very high.
The dietary composition of many ungulate species also varies considerably
seasonally (Tomlinson 1980, Ben Shahar 1991, Owen-Smith 1997, Wilmshurst et al.
1999, Ego et al. 2003). This is partly because the availability of particular plant
species changes during the year, but also because nutrient concentrations change,
generally decreasing as the dry season proceeds (Boutton et al. 1988, Georgiadis and
McNaughton 1990, Ombabi et al. 2001). The timing of senescence, however, differs
among plant species, and therefore particular species may be the most attractive for
ungulates in the wet or dry season (Mowat et al. 1965, Prins and Beekman 1989, Ben
Shahar and Coe 1992). Once again, the implications of these differences for species
diversity in the diet are not obvious, and previous studies of how the diets of savanna
ungulates change during the year have produced inconsistent results. For example, the
diets of zebra Equus quagga and wildebeest Connochaetes taurinus in semi-arid
savanna were more diverse in the dry than in the wet season (Ben Shahar and Coe
1992, Ego et al. 2003), while those of waterbuck Kobus ellipsiprymnus was more
diversified during the rainy season (Kassa et al. 2007). Similar patterns have been
observed for dietary overlap among herbivores. While overlap was found to increase
during the dry season in some semi-arid savanna ecosystems (Ego et al. 2003), it
decreased for grazers in other areas (Jarman 1971) or showed no variation (Hansen et
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al. 1985). Hence, it is not fully understood how diet composition and diversity change
between seasons, and whether there are differences among ungulates linked to body
size or their degree of selectivity.
Our knowledge of feeding patterns in relation to food quality is largely based
on studies of the dominant ungulates of semi-arid areas such as Serengeti, Laikipia,
and Krueger, which are mainly rather nutrient rich (e.g. wildebeest, impala Aepyceros
melampus) (McNaughton 1979, Sinclair and Norton-Griffiths 1979, Ben Shahar 1991,
Augustine and McNaughton 2004), and it is unclear to what extent these results apply
to other types of savanna. The aim of this study, therefore, was to investigate seasonal
changes in the diet of ungulates in a humid, dystrophic savanna in the Saadani
National Park on the Tanzanian coast. We also wanted to relate diet plant species
composition to body size and selectivity strategy of ungulates and to nutrient (N and
P) concentrations and digestibility of the plant species. For this purpose, we chose
three ruminant herbivores - Bohor reedbuck Redunca redunca, waterbuck and
wildebeest - that are common in the area and represent contrasting feeding strategies.
Our main hypothesis was that the smaller Bohor reedbuck feeds on the most nutrientrich plants and plant parts available at any particular time, whereas the larger and less
selective waterbuck and wildebeest have a broader diet. Therefore we expect that:
(i)

the diet of the smaller Bohor reedbuck is either more diverse than that of
waterbuck and wildebeest if it picks out most nutrient rich plant parts, or
less diverse if it focuses on the most nutrient rich plant species.

(ii)

the diet overlap between reedbuck, waterbuck and wildebeest is higher in
the early-dry season, when all species take the same nutrient-rich plant
species, than in the late-dry season, when dryness and nutrient scarcity
may force animals to take particular types of forage corresponding to their
differing feeding strategies.
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Railway
River
Indian Ocean

Figure 1: The two studied regions in Saadani National Park: Mkwaja and Saadani. Circles show
locations of plots where plant species were sampled.
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Materials & Methods
Study site
The study area is located in the Saadani National Park on the north coast of
Tanzania (Figure 1). Founded in 2002, the park occupies an 1100 km2 area of moist
coastal savanna ecosystems, including regions with different land-use histories,
animal communities, and vegetation types (Kloetzli 1980, Tobler et al. 2003). The
Mkwaja area to the north was run as a commercial cattle ranch between 1954 and
2000, with up to 13000 head of cattle organised around 18 paddocks and over 40
waterholes. This intensive use of the area for ranching led to considerable changes in
plant community composition and severe bush encroachment (Tobler et al. 2003). The
former Saadani Game Reserve to the south was founded in 1969 in an area previously
used for agriculture, mainly sisal plantations. After establishment of the game reserve,
the former plantations developed into open grassy plains, while the unused areas
retained their original savanna vegetation. Today the landscape is a heterogeneous
mosaic of open grassland plains dotted with the palm Hyphaene compressa, patches
of evergreen bush and open woodland with Acacia zanzibarica (Tobler et al. 2003).
The mean temperature in the Saadani area is 25°C and the annual rainfall
averages 900 mm, but ranges widely from 500 mm to 1700 mm (Tobler et al. 2003).
The area experiences two main rainy seasons per year, a short one from October to
December and a longer one from March to June. Bushfires are common in the driest
periods of January to February and August to September.
Study animals
The composition and population densities of ungulates vary within the
National Park, with fewer species and smaller populations in Mkwaja than in Saadani
(Treydte et al. 2005). This is partly due to the former competition by cattle in Mkwaja
and partly to greater poaching activity in the north of the National Park. In the late
1970's several animal species were released into the Saadani Game Reserve, among
them two species, wildebeest and zebra, that are more associated with semi-arid
savanna systems (East 1984, Baldus and Siege 2001). To date, these animal species
have rarely or never been observed in the Mkwaja area. In this study we investigated
three common grazing ungulates - Bohor reedbuck, waterbuck and wildebeest differing in size and feeding strategy (Table 1).
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Bohor Reedbuck
(native)
Waterbuck
(native)

Wildebeest
(non-native)

Feeding strategie *

Liveweight (kg) (Kingdon 1997)

Recorded animal numbers during
transect surveys in Mkwaja/Saadani
(Treydte 2005)

Scientific
name

Total Population estimations
Sadaani NP (Treydte 2005)

Table 1: Short description of the feeding strategies of the study animals and their distribution
in Saadani National Park.

Redunca
redunca

6508°

28/333

45

Small rather selektive grazer, may
eat forbs and leaves in dry season

Kobus
ellipsiprymnus

3505

11/137

200

Larger grazer of medium
selectivity, feeds on protein rich
grass and, may eat dicots of grass
is not sufficient, depends on water
supply

Connochaetes
taurinus

2149

0/574

260

Larger grazer of medium
selectivity, feeds on short grass
with rapid regrowth, may eat
dicots

* Bell (1971), Gosling (1974) cited in East (1984), Estes (1991) Gagnon (2000), Traill (2004), Kingdon
(1982), Cerling (2003), Hofmann (1972)

Sampling scheme
Dung and plant samples were collected during five weeks in the late dry
season (10 January – 20 February 2006), and during three weeks in the early dry
season (16 June – 4 July 2006). The samples were collected from two areas within
Saadani National Park: the northern half of the former cattle ranch (hereafter called
Mkwaja), and the northern half of the wildlife-rich Saadani area (hereafter called
Saadani) (Figure 1).
Dung samples
We collected fresh dung samples of the three animal species in both periods,
covering a large part of the study areas (Figure 1). For Bohor reedbuck and waterbuck
we obtained 7 or 8 dung samples from both the early and late dry seasons and from
both Mkwaja and Saadani. For wildebeest, we obtained 6 samples each from the early
and late dry seasons, but only from Saadani. All 68 samples were sun-dried and stored
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for dietary analysis, for which we used a microhistological technique (Stewart 1967,
Barthlott and Martens 1979). Reference slides to identify plant fragments were
prepared from fresh, fully expanded leaves of the 25 most important grass species
occurring in both study areas. To do this, samples of leaf epidermis were taken from
both the axial and abaxial sides, fixed with glycerine and photographed. The
epidermes of Andropogon gayanus and Themeda trianda could not be clearly
distinguished and were therefore assigned as “Andropogon/Themeda”. Subsequently,
an identification key was developed and described (see Gutbrodt (2006) including the
photographs). For preparation and analysis of dung samples, we followed Suter
(2004) which is a modification of the method of de Jong (1995). Only fragments
recognized as epidermal tissue and consisting of at least four plant cells, or with
visible stomata, were recorded. In total, 100 fragments were determined for each
sample (thus a total of 68000 fragments in 68 samples), including unidentified
(monocot or dicot) and undetermined monocot fragments. In order to estimate the
dietary overlap between animal species, we calculated the Simplified Morisita’s index
(CH) according to Horn (1966) as follows:
CH =

2 Pij Pik

Pij Pik = proportion of resource in the total

 P2ij +  P2ik

resources used by the two species j and k

Vegetation composition and plant samples
The vegetation types investigated were: tall grass savanna and acacia
woodland in both areas, paddock centers and paddock margins in Mkwaja, and
grazed patches and black cotton savanna in Saadani (see General Introduction for
plant species compositions). To record plant species composition, we randomly
selected five plots in each vegetation type and in both areas, using a vegetation map of
Tobler (Tobler et al. 2003). The plot locations were recorded using a GPS [Garmin 12
XL].
All common grasses and sedges present were recorded in all plots and in both
periods. We collected and sun-dried samples of 10-20 young but fully expanded
leaves of all common grass species (total of 23 species) in both study areas and both
periods (Figure 1). These samples were first sun-dried and than oven-dried at 75°C
before further analyses. To minimise bias due to the vegetation type in particular
species the samples consisted of the pooled material from several different vegetation
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types. We note that the occurrence of some species is restricted to one vegetation type
(e.g. Cynodon dactylon only occurs in paddock centers), but this did not cause
sampling bias because the plant species in the dung must also have been eaten by the
herbivore in this vegetation type.
The plant samples were Kjeldahl digested, and N and P concentrations in the
digests were determined by means of a continuous flow injection analyser (FIA Star,
Foss Tecator Höganäs, Sweden). Dry matter digestibility was assessed for eight grass
species, for the early dry season (3 replicate samples per species and area). We used
the dry matter in vitro digestibility method adapted from Jones and Hayward (1975),
which determines the percentage of digestible dry plant material using pepsin
enzymes retrieved from the stomach lining of a pig and fungal cellulase enzymes. The
amount of digested material was calculated as a percentage of the original dry matter:
Digestibility (%) = 100*(weight plant material – weight residue) / (weight plant
material)
Statistical analyses
Data on the diet composition of the three study animals were evaluated by a
correspondence analysis (CA) using CANOCO (Ter Braak and Tmilauer 2002). For
this purpose, the proportions of plant species were recalculated, omitting all
unidentified monocotyledon fragments. Percentages of plant species in the diet were
transformed using a square root transformation to reduce the impact of plant species
with low proportions in the diet. To test for differences between seasons, regions and
animal species, a canonical correspondence analysis (CCA) was performed for the
entire data set as well as for each animal species.
We used one-way ANOVAs, followed by Tukey’s posthoc tests (p <0.05), to
test for significant differences among animal species in the number of plant species
found in the diet, as well as among grass species with respect to leaf N and P
concentrations and dry matter digestibility. Transformations of variables were carried
out if residuals were not normally distributed (square root for diet, log for N and P
concentrations). We used two-way and three-way ANOVAs to test for significant
effects of species, seasons and regions, and their interactions on the frequency of plant
species found in the dung of study animals. Plant species that were not recorded in
both regions or seasons (Brachiaria leucacrantha, Chloris mossambicensis,

-78-

Chapter 2
----------------------------

C. dactylon, Dactyloctenium sp., Paspalum dilatatum, Setaria incrassata and
T. triandra) were excluded from the three-way ANOVA testing for differences in leaf
nutrient concentrations. We calculated Spearman correlations among various plant
and diet variables. Unless otherwise indicated, all statistical analyses were carried out
with JMP7 (S.A.S.INSTITUTE INC. 2007).

-79-

Chapter 2
----------------------------

Results
Diet composition
Of the 25 most abundant plant species in the herbaceous vegetation, only a
few were recorded in large amounts in the dung samples. Thus, the dung samples of
Bohor reedbuck consisted mainly of Panicum infestum and dicotyledonous forbs,
while the diet of waterbuck and wildebeest contained similar proportions of both
P. infestum and Heteropogon contortus in late dry season. In contrast, wildebeest had
a broader range of species in late dry season. There were significant differences
(p <0.001) in the plant species composition recorded in the dung of the three
ungulates (Figure 2), which were mainly due to the many small differences in the
rarely eaten species.

Table 2: Percentage of explained variance in the diet composition of three ungulate species by
season, region and their interaction, as well as total explained variance. The difference
between the animal species is significant (p<0.01) and explained with 9.6%. P-values indicate
significance (Canonial correspondence analysis with a maximum precision of p<0.01). Small
differences of many rare species might have enhanced the significances.
Reedbuck

Waterbuck

Wildebeest

season

8.4 *

16.4 **

20.8 **

region

9.8 **

9.1 **

Season x region

9.4 **

7.7 *

Total explained

24.8

28.9

Significance levels are indicated with p < 0.05=*, p < 0.01= **, p < 0.001 = ***

There were also significant seasonal differences in the plant species
composition in the dung (Table 2, Figure 2). In the early dry season, all species
favoured P. infestum as the major component (over 50% of the diet composition on
average) of their diet in both regions. In the late dry season, waterbuck and wildebeest
showed a similar shift in diet composition: thus, the proportion of P. infestum
decreased considerably, being replaced mainly by H. contortus. In contrast, the diet of
Bohor reedbuck still contained relatively high proportions (up to 62%) of P. infestum
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in Saadani, but not in Mkwaja where it was mainly replaced by dicotyledonous
species.

Table 3: Number of plant species (average ± SE) per dung sample of three ungulates from
two regions and seasons. The differences are significant between animals and animal*region
(3-way-Anova: p< 0.001; <0.001, respectively). If separated by area, 2-way-Anova only gave
in Mkawaja significant differences between waterbuck and reedbuck (2-way-Anova:
p<0.001). 68 individual dung were sampled, 30 in Mkwaja and 38 in Saadani. ED=Early Dry
Season, LD=Late Dry Season.
Saadani

Mkwaja

ED

LD

ED

LD

Waterbuck

9.1±0.8

8.2±0.3

9.6±0.8

10.4±1.2

Reedbuck

7.6±1.4

8.8±0.7

5.4±0.9

3.9±0.9

Wildebeest

8.7±0.6

9.5±0.7

The number of plant species per dung sample was generally low, and varied
significantly among animals, regions and seasons (Table 3). It was particularly low
for Bohor reedbuck in Mkwaja, with fewer than four plant types being recorded in
samples collected during the late dry season, although one of these was the broad
category of unidentified dicots. Furthermore, there were no significant differences in
numbers of species recorded in dung samples between animal species or seasons for
Saadani.
The indices of dietary overlap between animals were very high (>90%) in the
early dry season in both regions, underlining their preferences for the same plant
species (Table 4). In the late dry season, dietary overlap remained high in Saadani but
was very low in Mkwaja. The dietary overlap remained high for waterbuck and
wildebeest in the late dry season (Table 4). Differences in the diet composition
between seasons were larger than between animal species, with particularly low
overlap in Mkwaja.
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Figure 2: Average percentage of plant species in dung of reedbuck, waterbuck
and wildebeest in two regions of Saadani National Park (Saadani and Mkwaja),
and in early or late dry season. The plant species are ordered according to the
reedbuck’s preference in late dry season in Saadani. The dots indicate the
preference of plant species observed by cattle in Mkwaja North (Kozak 1983):
••• = high preference, •• = preference, • = low preference, n = not eaten. Error
bars are representing the standard errors. The data was tested with one-way
ANOVA, and the results of the Tukey-Kramer Test are noted in big letters for
early dry season and small letters for late dry season.
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Figure 3: Mean N and P concentrations in leaves of grass and sedge species in Mkwaja and
Saadani, in early dry (dark bars) and late dry season (light grey bars). Error show SE. Species
not sharing same letter are significantly different (ANOVA, Tukey-Kramer Test, p< 0.05). The
number of samples mentioned under the bars in the top panels show that the sample size of the
collected plant samples varies considerably. The dotted line indicates the mean nutrient values
of all plant species per season and area. The plant species are ordered as in Fig 2: i.e. according to the reedbuck’s food preference in late dry season in Saadani.
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Table 4: Diet overlap (%) between study animals and between seasons for each region
according to the simplified Morista index. ED=Early Dry Season, LD=Late Dry Season
Mkwaja

Saadani
ED

LD

ED

LD

Waterbuck x Reedbuck

97.3

88.1

92.6

20.7

Reedbuck x Wildebeest

96.6

85.2

-

-

Wildebeest x Waterbuck

99.1

90.6

-

-

Waterbuck ED x Waterbuck LD

64.4

27.3

Reedbuck ED x Reedbuck LD

85.6

40.5

Wildebeest ED x Wildebeest LD

61.7

-

Leaf nutrient concentrations
Generally, leaf N and P concentrations were significantly different among
plant species, seasons and regions, and interactions were generally not significant
(Table 5). We noticed two main patterns. The first was for significantly higher P
concentrations in the late than in the early dry season, with N concentrations showing
a similar but non-significant trend (Figure 3). The second was for significantly higher
P concentrations in plant samples from Mkwaja than from Saadani (Table 5, Figure
3).
The most abundant grass species in the dung, P. infestum and H. contortus,
were not those with the highest nutrient concentrations, though N and P
concentrations in P. infestum were above average for the grasses studied (Figure 3).
Correlation between food quality and diet plant composition
The proportions of plant species in the diet of Bohor reedbuck in Saadani in the early
dry season were weakly correlated with their leaf N or P concentrations (with log10
percentage in dung, df=10, RSquare=0.378, F=0.044), but otherwise there were no
significant correlations of diet with plant quality.
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Table 5: F values of two-way and three-way ANOVA for leaf N and P concentrations of 23
plant species in Saadani National Park. Season = early dry and late dry, Region = Mkwaja and
Saadani.
2-way-Anova
Saadani

3-way-Anova
Mkwaja

N

P

N

P

N

P

season

0.38 ns

4.28 *

22.92***

6.29 *

8.96 **

7.99 **

species

5.95 ***

5.83***

19.5 ***

28.99 ***

9.44 ***

8.4 ***

season*species

0.76 ns

0.86 ns

1.15 ns

1.38 ns

1.15 ns

0.99 ns

region

5.59 *

4.06 *

region*season

3.24ns

0.2ns

region*species

1.11 ns

2.2 *

region*season*spec.

0.51 ns

1.09 ns

Significance levels are indicated with p < 0.05=*, p < 0.01= **, p < 0.001 = ***

Digestibility
Sporobolus pyramidalis was the least digestible plant species, and P. infestum,
Eragrostis superba and A. gayanus also had rather low digestibility values (Figure 4).
There were no significant differences between Mkwaja and Saadani in the
digestibility of plant species.
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B

Figure 4: Dry matter digestibility (mean and SE) of selected grass species from Mkwaja
(light grey bars ) and Saadani (dark bars) in the early dry season. [n] is the number of
replicates. Species not sharing same letter are significantly different, species did not differ
significantly between regions (ANOVA, Tukey-Kramer Test, p< 0.05).
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Discussion
The Saadani National Park is a dystrophic savanna ecosystem that probably
owes its origin to a long history of anthropogenic fire. However, because of a
historical accident it supports a population of wildebeest, a species that normally
occurs in more eutrophic savanna. The area therefore provides an excellent
opportunity to investigate patterns of food selection by ungulates in an ecosystem
where nutritional quality is generally low.
The most important findings from our study is that in Saadani National Park
the three ungulates feed predominantly on the same few plant species, though the
relative importance of these species varies depending on season and region. Thus,
although the area has at least 25 important grass species and many herbs (see General
Introduction), the bulk of the animals' diet comes from two grasses – P. infestum and
H. contortus – and dicotyledons (unidentified). In the early dry season all three
ungulates consumed mainly P. infestum, while in late dry season they included
H. contortus or dicotyledons in various proportions to the P. infestum in their diet.
Indeed, in the Mkwaja region, the ungulates shifted from a diet dominated by
P. infestum to one dominated by H. contortus or, in case of Bohor reedbuck, by
dicotyledons. In addition, a few other species including E. superba, Cymbopogon
caesius, C. mosambicensis, Dactyloctenium sp. and A. gayanus/T. trianda regularly
accounted for > 10% of fragments in individual dung samples, but overall these
species were not important. Several studies on East-African grazers agree with our
findings that only few plant species are eaten in large amounts but many may be taken
in smaller quantities (Ego et al. 2003, Kassa et al. 2007).
Both P. infestum and H. contortus are very abundant in the study area, with
P. infestum being relatively more abundant in Saadani and H. contortus more in
Mkwaja. Both species occur in dense patches in all habitat types and are far more
frequent than the minor components of the diet, some of which are limited to specific
habitat types such as black cotton savanna, or grazed patches (see Table 1 in General
Introduction). In other areas where Panicum species and H. contortus were abundant,
these species also made up main components of the diet of waterbuck, wildebeest,
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common reedbuck Redunca arundinum, African buffalo, warthog Phacochoerus
africanus and zebra (Jungius 1971, Field 1972, Tomlinson 1980, Ben Shahar 1991,
Andanje and Ottichilo 1999, Bodenstein et al. 2000, Macandza et al. 2004, Treydte et
al. 2006). An experimental study conducted at Mkwaja during the ranching period
(Kozak 1983) also showed P. infestum to be a highly preferred forage species of
cattle, whereas H. contortus and some of the minor dietary components were less
preferred but still eaten (Figure 2). Also Göhl (1975) described P. infestum as readily
eaten by cattle and H. contortus as palatable in early states. In Krüger National Park
H. contortus was even among the main grazing grasses of redunca arundinum before
drought enhances, and was described by Jungius (1971) as a “good fodder plant
before flowering state”. Rarely eaten species in our study included S. pyramidalis and
Echinochloa haploclada, both of which have been described as of low palatability
(Göhl 1975), and ignored by cattle on Mkwaja ranch (Kozak 1983). However in
Uganda S. pyramidalis, together with H. contortus, were highly favoured by
waterbuck (Field 1972, Tomlinson 1980).
Many studies have shown that herbivores' food preferences are broadly related
to nutritional quality, as measured by mineral content and digestibility (Field 1972,
Tomlinson 1980, Melton 1987, Ben Shahar and Coe 1992, Heitkönig and OwenSmith 1998). In our study, however, we only found a trend for one herbivore between leaf N concentration of surveyed plants species and the percentage of the diet
of Bohor reedbuck in the early dry season. However, some plant species that were not
taken by animals had even higher N and P concentrations, especially in Mkwaja
where C. dactylon and Paspalum dilatatum growing in the former paddocks were
extremely nutrient rich (Figure 3). Furthermore, while P. infestum had above-average
nutrient concentrations, H. contortus did not. Consequently, the nutrient
concentrations of H. contortus can not explain the observed switch in diet, as they
remain inferior to those of P. infestum even in the dry season. The general lack of any
correlation between dietary composition and foliar N and P concentrations indicates
that other food quality factors (e.g. trace elements such as Ca, Cu, Zn) might be
important in determining why certain plant species are preferred as forage
(McNaughton 1990).
We observed seasonal changes in the diet of the three ungulates, with less
overlap in the dry season. In early dry season all three species feed mainly on the
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most abundant plant species, P. infestum (see Table 1 in General Introduction), while
they include higher proportions of H. contortus in late dry season. While wildebeest
seemed to diversify its diet in dry season, the average number of plant species
decreased in the diet of the waterbuck. A decrease in dietary diversity was also
observed by Kassa (2007) in Benin, with three main fodder species in dry season. The
difference between the two species might be linked to their different origins: while
wildebeest originate from semi-arid savanna ecosystems, where they graze in large
herds on open plains with nutrient-rich, short grass, waterbuck is native to moist
ecosystems and therefore well adapted to nutrient poor tall grass savannas.
In Saadani, the smaller, more selective Bohor reedbuck maintained a relatively
constant diet, reflected in the high overlap between seasons, while the larger and less
selective wildebeest and waterbuck showed stronger shifts. This was presumably
because the smaller body weight (45 kg) of Bohor reedbuck enables it to feed more
selectively on high quality plant parts or plant species in each habitat (Abaturov et al.
1995, Gordon and Illius 1996) and thus to be less influenced by an overall nutrient
decrease with ongoing dry season. Thus, reedbuck can continue to feed selectively on
the green leaves of P. infestum, which have constant quality, although the overall
vegetation quality decreases as the proportion of dead plant material increases (see
Chapter 3). Larger, less selective feeder, which need a higher daily intake, however,
cannot be as selective on plant parts (Hanley and Page 1982, Du Toit and OwenSmith 1989, Wilmshurst et al. 1999, Ego et al. 2003), and may need to select different
species, especially as the growth form of P. infestum in large tussocks might make the
remaining scattered green leaves unavailable to them.
As the proportion of P. infestum in the diet of the three ungulates decreases in
the late dry season, the importance of H. contortus increases drastically. However,
this grass species is neither more nutrient rich nor more abundant (see Chapter 3) than
P. infestum at this time. It is even reported to be highly unpalatable during maturation
as it produces highly unpalatable structures such as awns (Göhl 1975). Thus, other
factors influencing food quality or availability, such as fire, must have altered the
attractiveness of H. contortus (Hobbs 1996, Wilsey 1996, Coppedge et al. 1998,
Tomor and Owen-Smith 2002, Archibald and Bond 2004). Indeed, fires occur
frequently in Saadani National Park (Tobler et al. 2003), and the regrowth after fire
often contains a large proportion of H. contortus (Göhl 1975), which in early growth
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stages of this species has a relative high N concentration (Kozak 1983). This might be
particularly important for wildebeest, as it generally depend on sites with short, dense
grass (Wilmshurst et al. 1999, Traill 2004). Waterbuck need good quality food in
sufficient quantities to sustain its body mass and thus is also likely to feed on burned
areas. As the more selective reedbuck can feed on P. infestum in tall grass savannas as
well, it has less need to feed in burned areas, which offer little or no cover from
predators. This may explain why H. contortus is less important than for the taller
study animals in late dry season.
In Mkwaja, the diet of Bohor reedbuck contained large amounts of
dicotyledonous plants, particularly in the late dry season. Many dicotyledons have
higher leaf N and P concentrations than grasses (Minson 1990, Owen-Smith 1997,
Cech et al. 2008), although high secondary compounds might influence digestibility
(Van Soest 1982, Codron et al. 2007b). As Bohor reedbuck seems able to cope with
these secondary compounds, dicotyledons may represent a high quality food source,
supporting our hypothesis that Bohor reedbuck feeds on forage of better quality than
waterbuck and wildebeest, especially in late dry season. However, the quantities
recorded were larger than expected, suggesting that Bohor reedbuck is a mixed feeder,
rather than a grazer that takes small amounts of browse in dry season (Kingdon 1982,
Estes 1991, Gagnon and Chew 2000, Cerling et al. 2003). In other studies, reedbuck
species have also been shown to include dicotyledons in their diet (Jungius 1971,
Roberts and Dunbar 1991), and Roberts (1991) concluded that it is an adaptive
response to low rainfall during the preceding months. For roan antelope Hippotragus
equinus a similar shift from predominantly grazing (>95% grass) to mixed feeding
behaviour from wet to dry season has been observed (Schuette et al. 1998), and
waterbuck also took higher proportions of browse in the late dry season (Kassa et al.
2007). We had limited possibilities to identify the dicotyledon species; however, the
non-native Sida sp., a plant that Bohor reedbuck also browsed in Kenya (Hofmann
and Stewart 1972), appears to have been one of them. This species is not a shrub or
tree but a relatively small, non-lignified forb and might have been eaten together with
the other grass species while grazing within the grass layer. The occurrence of small
numbers of dicots in a large number of samples over all animal species, regions and
seasons suggests that other herbaceous species may also be taken, though further
study is needed to confirm this.
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Abstract
The food available to herbivores in African savannas tends to decline in both
quantity and quality during the course of the dry season. The aim of this study was to
investigate how the biomass and nutrient composition of herbaceous vegetation
change during the course of the dry season in a humid savanna in Tanzania, and how
these changes affect the nutrient status of ruminants. We studied temporal changes in
the amount and quality (nitrogen and phosphorus) of potential food plants (including
Panicum infestum, Heteropogon contortus), in four main habitat types (black cotton
savanna, grazed patches, tall grass savanna and acacia woodland) and related them
to dung quality of six animal species differing in size and feeding strategy: Bohor
reedbuck

Redunca

redunca,

waterbuck

Kobus

ellipsiprymnus,

wildebeest

Connochaetes taurinus, Lichtenstein’s hartebeest Alcelaphus lichtensteinii, African
buffalo Syncerus caffer and giraffe Giraffa camelopardalis.
Although total aboveground biomass did not change significantly, the
proportion of living biomass decreased as the dry season advanced. Grasses made up
most of the herbaceous biomass in all habitat types, with P. infestum, one of the most
favoured food plants, being well represented everywhere. In general, N content
decreased significantly with time in all plant categories except for P. infestum. In
contrast to P, which only varied significantly among plant categories and period, N
concentrations also varied significantly among habitats, being highest in acacia
woodland and lowest in tall grass savanna. Nutrient levels in P. infestum were above
average vegetation values.
N and P concentrations of giraffe dung were significantly higher than those in
the dung of the grazing species. Among the grazers, the dung of the more selective
feeder, Bohor reedbuck, differed significantly in nutrient concentrations from that of
the less selective wildebeest.
Although nutrient concentrations declined significantly during the dry season
in the dung of all herbivores, these declines were less steep than in plant material from
all habitat types except acacia woodland. In no habitat did the average P
concentrations in plant material fall below 0.4-0.6 mg/g P, which has been considered
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a critical value for ungulates, and the P content of dung remained above the critical
threshold of 2 mg/g P. N concentrations in the dung of wildebeest, however, were
mostly below the critical value of 14 mg/g N, suggesting that these herbivores - which
are not native to the region - have difficulty in meeting their dietary requirements in a
humid savanna ecosystem.
We conclude that grazing herbivores in the humid savannas of the Saadani
National Park are confronted with herbage of sub-optimal quality for much of the
year, and especially in the dry season. However, humid savannas are more
heterogeneous than extensive arid savannas and even habitat patches in close
proximity of each other may differ in the quantity and quality of herbage they offer;
thus, herbivores can optimise their diet with increasing dry season by selecting
different plant species and habitats. The most favoured species P. infestum is superior
to others in terms of both nutrients and green biomass.
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Introduction
A main characteristic of African savannas is the drastic change in the
herbaceous vegetation from the wet to the dry season: for herbivores, fresh nutrient
rich green leaves transform into unpalatable dry litter, which may be the only food
available until the vegetation sprouts again with the onset of the rains. As a
consequence, the quality and quantity of food tend to decline as the dry season
proceeds (Hantley 1982, Boutton et al. 1988a, b). To understand the responses of
herbivores to these seasonal changes, it is crucial to analyse the changes in herbage
quality during the course of the dry season, which may vary among habitats (Codron
et al. 2007b, Cech et al. 2010).
The nutrient content of a plant generally decreases during the dry season, as
most of the foliage senesces (McNaughton 1979, Ben Shahar and Coe 1992, Codron
et al. 2007b). However, young leaves may retain high nutrient levels for a longer
period, as they can take up only little moisture and thus nutrient content gets less
diluted in the cells (Olff et al. 2002). The availability of such high quality material in
ongoing dry season varies among plant species (Göhl 1975, Prins and Beekman 1989)
and may be, albeit in small quantities, critical for some herbivores, and strongly
influences their patterns of feeding (McNaughton 1985). However, to our knowledge
the progressive changes in quality and quantity of the food supply of ruminants during
the course of the dry season has rarely been studied in an African humid savanna.
The foraging behaviour of herbivores tends to change with increasing dry
season, with important differences amongst species (chapter 2) (Melton 1987, Codron
et al. 2007c). In general, larger, less selective feeding herbivores continue to eat the
more abundant plant species, even if the plant material is of lower quality; in contrast,
smaller selective herbivores can persist on less abundant species, but only if the plant
material is of high quality (Jarman 1974, Bell 1982, Van Soest 1982, Belovsky 1986,
Olff et al. 2002). In arid savanna systems such as the much-studied Serengeti, where
habitat patches are large and homogeneous, many herbivores migrate to wetter
regions at the onset of the dry season, and thereby avoid the need to forage more
selectively (Fryxell et al. 2005). In contrast, in a heterogeneous humid savanna like
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the Saadani National Park, ruminants are more restricted spatially and have to adopt
other strategies. Shifting between different habitat types and/or plant fodder species is
one option, but ruminants cannot completely escape the overall decrease in food
quality with increasing drought. Larger, less selective feeding herbivores may
compensate this decrease in various ways: by consuming more food (of lower nutrient
content), by using previously accumulated fat reserves (Shrader et al. 2006), or by
voluntarily reducing intake and losing weight if food quality is too low (Jhala 1997).
In contrast, smaller more selective feeders are expected to become even more
selective in the plant material they ingest, thereby maintaining a relatively high
quality in their diet (Hantley 1982, Murray and Illius 2000). East (1984) concluded
that moist savanna species are more selective in their feeding than arid savanna
species (on a weight to weight basis). In general, studies of the nitrogen and
phosphorus concentrations in dung support the idea that the diet quality of grazers
decreases with increasing body size, (Gordon and Illius 1996, Codron et al. 2007c)
and decreasing food quality (Edwards 1991, Grant et al. 1995, Grant et al. 1996,
Mbatha and Ward 2006), although there appear to be some exceptions like the white
rhino Ceratotherium simum (Shrader et al. 2006, Arsenault and Owen-Smith 2008).
These different patterns, however, have rarely been studied for herbivores in humid
savannas where availability of large nutrient-rich areas and the possibility of large
scale migrations might be limited because of the heterogeneous environment.
In a previous study in a humid Tanzanian savanna, we observed that three
common grazers - the small, selective feeder Bohor reedbuck Redunca redunca, and
the larger, less selective waterbuck Kobus ellipsiprymnus and wildebeest
Connochaetus taurinus - tended to have similar diets in early dry season (Panicum
infestum) but differed in the choice of fodder plants in the late dry season
(P. infestum, Heteropogon contortus and browse). However, these changes in diet
could not be explained by the nutritional quality of fresh leaves as measured by N and
P concentrations and digestibility (chapter 2).
The aim of this study was to investigate how the food supply of ruminants
changes during the course of the dry season in a humid savanna in Tanzania and how
these changes affect the nutrient status of ruminants. We studied six animal species
that differ in size and feeding strategy – Bohor reedbuck, waterbuck, wildebeest,
Lichtenstein’s hartebeest Alcelaphus lichtensteinii, African buffalo Syncerus caffer,
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and giraffe Giraffa camelopardalis - and measured the nitrogen and phosphorus
concentrations of their dung as indicators of dietary quality. Our aim was to relate
temporal changes in dung quality to the amount and quality of potential food plants in
four main habitat types. The main hypotheses were: (i) the nutrient quality of
grassland vegetation declines differently in the various habitats as the dry season
proceeds; (ii) nutrient concentrations in the dung of smaller, more selective grazers
remain more constant than those in the dung of larger, less selective feeders, which
decrease with the overall decrease in quality of the grassland vegetation during dry
season; (iii) the heavily utilised P. infestum has the most nutrient-rich foliage of any
species throughout the year, while H. contortus, which is consumed later, keeps the
highest proportion of green leaves with ongoing dry season.

Materials & Methods
Study area
The study area is part of the moist coastal savanna ecosystem of the Saadani
National Park (1000 km2), which lies on the coast of Tanzania (East Africa)
(Figure 1). The study was conducted in the Saadani region, parts of which were used
for agriculture - mainly sisal - until 1969, when it became part of a game reserve.
Today the landscape is a heterogeneous mosaic of open grassland plains dotted with
palm-trees (Hyphaene compressa), patches of evergreen bush and open woodland of
Acacia zanzibarica (Tobler et al. 2003).
The soils in this area are relatively nutrient-poor (Cech et al. 2010) and consist
of greyish fine sand, loamy sand or black cotton loam in the flats, and reddish loamy
sand over clay on slopes and hilltops (Klötzli 1980). In this study, we distinguish four
major habitat types, enumerated from most open to most closed in terms of bush and
tree cover: black cotton savanna, grazed patches, tall grass savanna and acacia
woodland. The treeless black cotton savanna has a very dense, medium tall
(30-90 cm) vegetation cover consisting mainly of Botriochloa sp, Echinochloa
haploclada, Setaria sp and Sporobolus pyramidalis. Plants in this habitat have to cope
with drastic changes in soil texture, from saturated, almost fluid conditions in the wet
season to extremely hard, cracking substrate as the dry season proceeds. Grazed
patches occur on very loamy soils, often closely related to black cotton soil. As on
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Saadani NP

Dar es Salaam

Figure 1:

Map of Saadani National Park (Tanzania) and the distribution of the 20 study plots

within the study area; 6 in grazing lawn (GL), 5 in black cotton grassland (BC), 5 in tall grass (TG) and
4 in acacia woodland (ACA) (map based on Gerber (2006).
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grazing lawns described elsewhere (McNaughton 1979, McNaughton 1984), frequent
grazing keeps the vegetation young, short (20-30 cm) and nutrient-rich, and favours
Digitaria sp., Chloris sp, Setaria sp. and P. infestum. Other common grass species
were H. contortus, Botriochloa sp., S. pyramidalis and E. haploclada. Tall grass
savanna is characterized by sandy soils, the occurrence of H. compressa and a tall
(80-200 cm), dense vegetation with species like Cymbopogon caesius, Hyperthelia
dissoluta, Diheteropogon amplectus and Andropogon gayanus. P. infestum and
H. contortus are also common species. Acacia woodland dominated by the N-fixing
species A. zanzibarica is a nitrogen-rich vegetation that occurs on sandy or loamy
soils (Cech et al. 2010). It has a patchy grass cover, 40 to 70 cm tall, and consisting
mainly of P. infestum, S. pyramidalis and Chloris mosambicensis.
The average temperature in the Saadani area is 25°C and annual rainfall
averages 900 mm, with values ranging in individual years from 500 mm to 1700 mm
(Tobler et al. 2003). The area experiences two main rainy seasons per year, a short
one from October to December and a longer one from March to June. We recorded
precipitation close to the study area with a tipping bracket rain gauge (Onset Corp.,
MA, U.S.A.). Relative humidity and temperature were measured at 15 minutes
intervals using a data logger (HOBO Pro, Onset Corp., MA, U.S.A.). The study was
conducted between 5 January and 25 February 2007 during which time the dryness
increased progressively after heavy rainy showers had occurred in December 2006
(Figure 2).
Study plots and sampling design
We selected 20 plots of 10x10 m2 in which to monitor aboveground biomass,
nutrient quality and dung deposition. These plots were chosen in typical vegetation in
each of four habitat types, using a vegetation map of the Saadani National Park
produced from satellite images (Tobler et al. 2003), but taking account of their
accessibility by road: 6 plots were in grazed patches, 5 in black cotton savanna, 5 in
tall grass savanna and 4 in acacia woodland (Figure 1). The plots were sampled in
four consecutive periods as the dry season progressed: 5-14 January 2007 (period 1),
25-30 January 2007 (period 2), 9-13 February 2007 (period 3), and 22-25 February
2007 (period 4) (Figure 2).
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Figure 2: Total monthly rainfall and mean temperature in the Saadani area, January 2006 to March 2007. Precipitation was recorded with a tipping bracket
rain gouge (onset corp., MA, U.S.A.). Relative humidity and temperature were measured at 15 minute intervals using a data logger (HOBO Pro, onset
corp., MA, U.S.A.)
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Total aboveground vegetation of the herbaceous layer was sampled in each
plot for later nutrient analyses by cutting it near soil surface in three subplots of 50x50
cm2 located ten meters away from each other just outside of three of the plot corners;
in each period another subplot was chosen. After cutting, the plant material was
separated into seven categories according to previous findings on diet composition of
ungulate grazers in the same area (P. infestum, H. contortus, sedges, other grasses,
Sida sp., legumes and other herbs (chapter 2/Gutbrodt 2006). For each category, the
plant material of the three subplots of each plot was pooled. If there was insufficient
plant material for chemical analysis (only for P. infestum, H. contortus or Sida sp.),
10 fully expanded fresh leaves of these species were additionally collected from
elsewhere in the study plot (approximately 2 g fresh weight). Half of the plant
biomass in each category was separated into ‘living stems’, ‘dead stems’, ‘living
leaves’, ‘dead leaves’. Fresh weights of the various plant groups were immediately
measured and dry weights were determined after the sample had sun dried in the field
and oven dried at 70°C in Zurich. For plant categories with a fresh weight of more
than 200 g, only a sub-sample was separated. The other half was mixed together with
similar samples of the other plant categories material to determine the average
nutrient content of the vegetation. The vegetation of one tall grass plot accidentally
burnt on 18 February 2007 and was not sampled in the last period. All samples were
weight in fresh condition and weight again for dry weight determination.
In each period we also collected between two and nine fresh dung samples of
six ungulate herbivore species occurring in the study area to measure temporal
changes in dung nutrient concentrations (Appendix). Five of these (Bohor reedbuck,
waterbuck, wildebeest, Lichtenstein’s hartebeest and African buffalo) are grazers
spanning most of the range of body sizes and degrees of feeding selectivity, while
giraffe is a browser. Wildebeest is not a native species of humid coastal savanna but
was introduced to Saadani in the late 1970s from arid savannas (East 1984, Baldus
and Siege 2001). A dung heap was defined as a concentration of dung pellets resulting
from a single defecation. The material was collected from the sample plots, but this
was supplemented with dung from elsewhere in the study area as necessary. Only
fresh dung (< 4 days) of fully grown animals was collected, and no attempt was made
to distinguish between sexes. Experienced rangers from the Saadani National Park
(Mzee Ndauka and Mzee Adam) determined the animal species of each dung heap
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and estimated its freshness. The faecal samples were sun dried in the field and
transported to ETH Zurich for nutrient analysis.
Nitrogen and phosphorus concentrations in oven dried (70ºC) plant and dung
samples were determined after Kjeldahl digestion. Total N and P concentrations in the
digests were measured by means of flow injection analysis (FIAStar, Foss Tecator,
Höganäs, Sweden).
Statistical analysis
Dry weight biomass and nutrient data (except percentages) were logtransformed and analysed with a repeated measures regression model (REML:
random effects model) in Jump6.0.3 (S.A.S.INSTITUTE INC. 2007) or an ANOVA
followed by Tukey-Kramer HSD multiple comparison tests (P<0.05). A few outliers
were defined by mean ± 2SD and were assumed to be measurements errors and
discarded.

Results
Biomass changes of the ground vegetation
Total aboveground biomass (in the following we refer to dry weight data) of
the herbaceous layer did not change significantly during the course of the dry season
(Table 1), but the proportion of living biomass in total biomass decreased
significantly from a mean of 38% in the beginning to 24.8% in the last period.
Herbaceous biomass, however, did vary among habitat types; thus, total living and
dead biomass was significantly lower in grazed patches than in tall grass savanna,
and living biomass was lower in black cotton savanna than in the other habitats
(Figure 3A, Table 1). And total biomass was significantly higher in tall grass savanna
than in acacia woodland.
There was no overall trend in biomass for the various plant species over time
(except for dead biomass), though biomass varied significantly among species and
habitats (Figure 3B, Table 1&2). Grasses, of which P. infestum represented a
relatively large fraction, made up most of the herbaceous biomass in all habitat types.
Consequently, biomasses of P. infestum and “other grasses” were significantly higher
than those of other plant categories, except for P. infestum and H. contortus, which
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were not significantly different (Figure 3B, Table 2). Sida sp., a forb preferred by
some grazers (chapter 2), was scarce or absent in our plots. Differences between
habitats were mainly due to the biomass in tall grass savanna being higher than that
in acacia woodland and grazed patches (Table 2).
The proportion of living leaves in the total biomass decreased significantly as
the dry season proceeded (Table 2), with significant differences among species. The
proportion of living leaves remained constant in the case of H. contortus, while it
increased for P. infestum in acacia woodland (Figure 3C). Other grasses decreased
significantly over time with no interaction of time and habitat type.
Nutrient changes in the herbaceous vegetation
Plant nitrogen content varied significantly with period, habitat type and plant
species (Table 1&2). Except for P. infestum, N content decreased significantly with
time in all plant categories, with the trend in the total vegetation (vegetation N) being
more pronounced than in green leaves of individual plant species (Figure 4, Table 2).
N contents varied significantly among habitats, being highest in acacia woodland and
lowest in tall grass savanna for both green leaves and average vegetation (Figure 4,
Table 1&2). P. infestum differed significantly from “other grasses” (Table 2), as its N
contents tended to be higher in acacia woodland than the other plant categories. N
tended to be higher in H. contortus from tall grass savanna and in “other grasses” on
the grazed patches (Figure 4).
Phosphorus contents also varied significantly among plant categories and
period, but not among habitat types (Table 1&2). As for N, P contents tended to
decline as the dry season proceeded, with this trend being more marked for the
average vegetation than for green leaves alone (Figure 4). P. infestum differed
significantly from H. contortus and other grasses (Table 2). Compared with other
grasses, P. infestum had the highest P contents (except in grazing lawns), while H.
contortus tended to have low P contents, especially in the black cotton savanna and
grazed patches (Figure 4).
N/P ratios varied significantly with habitat type and time, being significantly
higher in acacia woodland than in the other habitat types (Table 1&2, Figure 4).
While the N/P ratio remained rather constant in the other habitat types, it increased
significantly with time in acacia woodland (Figure 4), showing that P became
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relatively more scarce then N. Although not significantly different, N/P ratios tended
to be highest in H. contortus and lowest in P. infestum except for acacia woodland
(Figure 4).
Nutrient contents in dung
Nutrient contents in dung varied with animal species (Table 3) and period.
Giraffe dung was very different from that of the grazers, having 48.3% more N and
23.9% more P than was present in the mean of the other species, these differences
being highly significant (<0.0001) (Figure 5, Table 3). Among the grazers, the dung
of Bohor reedbuck differed significantly from that of wildebeest, with 9% more N and
19% more P (Table 3); concentrations in the dung of waterbuck and Lichtenstein’s
hartebeest were intermediate. In all species, phosphorus and, to a lesser extent,
nitrogen concentrations declined significantly during the dry season, with Period 1
being significantly different from the following periods in N and P, and Period 2
being significantly different from Period 4 for N (Figure 5, Table 3). Although N and
P in dung did not differ significantly between Bohor reedbuck and waterbuck, with no
significant interaction between time and species (Table 3), P concentrations tended to
remain relatively higher in Bohor reedbuck than in waterbuck after an initial decrease
(Figure 5). Dung nitrogen content decreased most rapidly in wildebeest, while the
relative decrease of phosphorus was greatest in the dung of waterbuck and wildebeest,
exceeding the decreases in all habitat types except black cotton savanna (Table 4).
In most habitat types, nutrient concentrations in the average vegetation
decreased more rapidly than they did in the dung (Table 4). However, vegetation N
concentration in acacia woodland was higher than the measured values in dung, while
P concentrations in plants from grazed patches and black cotton savanna decreased
less rapidly than in the vegetation (Figure 4, Table 2).
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Discussion
Development of quantity and quality of the vegetation
Although total aboveground biomass (dry weight) did not change during the
transition from the wet to the dry season in any of the four habitats, the percentage of
living leaves decreased in all cases. This corresponds to a general pattern in Africa in
regions with strong seasonal rainfall (Mowat et al. 1965, Georgiadis and McNaughton
1990, Kinyamario and Macharia 1992, Grant and Scholes 2006, Imbahale et al. 2008).
For example, in Serengeti the proportion of living leaves at the end of the dry season
was about one third of that in the rainy season, and the total phytomass was also
substantially lower at the end of the dry season (Hassan et al. 2008).
In agreement with our hypothesis, nutrient contents in the average vegetation
decreased significantly through the dry period, with contents in the last period being
79.4% of those in the first period for N, and 69.4% for P. However, these decreases
were less extreme than in Kruger National Park, where the foliar N and P
concentrations in late dry season were only half those during the rainy season
(Boutton et al. 1988b, Kinyamario and Macharia 1992, Grant and Scholes 2006). This
difference may have been partly because our study ended before the end of the dry
season (end of March in 2007), but probably also reflects the less extreme conditions
in moist savanna ecosystems, with occasional rain falling during the dry period.
Indeed, in several cases the nutrient concentrations actually increased before the final
sampling period, presumably as a result of rain.
The supply and nutrient quality of the various fodder plants varied
considerably among habitat types. Plant N concentrations were particularly high in
acacia woodland, reflecting the abundance of A. zanzibarica trees, which have been
shown to fix N2 symbiotically in the study area (Schulze et al. 1991, Cochard 2004,
Cech et al. 2010). However, P concentrations were low in the understory grasses of
acacia woodland, presumably because of the high P uptake of trees (Cech et al.
2008). In contrast, the vegetation of black cotton savanna was relatively rich in
phosphorus in the rainy season, being in the same range as the grazed patches.
However, as the dry season progressed, nutrient levels in the vegetation of black
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cotton savanna tended to decrease more rapidly than in other habitats. This was
probably because, although rich in total phosphorus (Cech et al. 2008), black cotton
soils become extremely hard in the dry season which may restrict root growth (Katyal
and Venkatramayya 1983).
Several studies have shown that N and P contents of herbage tend to be
relatively high in patches that are intensively used by herbivores, partly because
grazing produces a high proportion of nutrient-rich young foliage (McNaughton
1984). These areas of high nutrient quality may be very extensive, such as on the
plains of Serengeti, or restricted, such as the grazing lawns created by kob Kobus kob
in a dystrophic West African savanna (Verweij et al. 2006). In our study, also, the P
and N contents of plants were generally higher over the whole dry season in grazed
patches than in the other habitats (except for N in acacia woodland), while biomass
was relatively low.
Development of dung quality of different herbivores in time
Nutrient concentrations in the dung of all studied species tended to decline
during the dry season. This result is similar to that reported in the Serengeti and in
India, where N and P concentrations in the dung of several ungulates – blackbuck
Antelope cervicapra, zebra Equus quagga, wildebeest and impala Aepyceros
melampus – decreased from early to late dry season (Jhala 1997, Mbatha and Ward
2006, Imbahale et al. 2008). As predicted, the various herbivores differed in the
steepness of this decline. Since nutrient contents in the dung are closely related to
those in the food ingested (Mbatha and Ward 2006), fresh dung samples provide a
useful indicator of dietary nitrogen, phosphorus and digestibility quality (Putman
1984, Leslie and Starkey 1985, Osborn and Jenks 1998, Kamler and Homolka 2005),
and hence the animal’s ability to cope with the increasingly harsh conditions in the
dry season (van der Waal et al. 2003). According to a recent review (Leslie (2008),
variation in faecal nutrients may reflect ecological differences among study units and
through time (Blanchard et al. 2003, Ueno et al. 2007), although they may be
constrained by differences in species-specific digestive capabilities, study areas, study
conditions and the potential consequences of consuming plant secondary compounds
(Robbins et al. 1987, Dearing et al. 2005).
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We had hypothesised that nutrient concentration would be more constant in
dung of browsers and of smaller, selective grazers such as Bohor reedbuck than in
dung of large, less selective feeding grazers such as wildebeest. Small grazers require
higher food quality to maintain their relatively higher metabolic rate (Bell 1971,
Jarman 1974, Demment and Van Soest 1985, Owen-Smith 1988) and their digesta
retention times are also shorter, thus limiting the food quantity intake and fibredigestion efficiency (Owen-Smith 1988, Illius and Gordon 1992, Gordon and Illius
1994, Robbins et al. 1995, Gordon and Illius 1996). In general, the results agreed with
our hypothesis: the browsing giraffe was the species least affected by the dry season,
maintaining high concentrations of N and P in dung throughout the whole study
period; and although the three grazing species – Bohor reedbuck, waterbuck and
wildebeest - showed similar decreases in dung nitrogen during the dry season, the
decrease in phosphorus tended to be smaller for the selective Bohor reedbuck than for
the other two species, indicating that Bohor reedbuck was able to select a P-richer
diet.
The high N concentrations in the dung of giraffe was expected, since this
species is an obligate browser, and browse material usually contains more N than
most grasses. In addition, it contains digestibility-reducing tannins (Hobbs 1987) so
that less N may be assimilated, though browsers normally avoid feeding on the
highest concentrations of tannins (Leslie and Starkey 1987). Indeed, it has been found
that nutrient concentrations in the dung of browsers follow those in vegetation (OwenSmith and Cooper 1985, van der Waal et al. 2003), in a similar way as for grazers. In
our study the dung of African buffalo was an exception to this general rule, as its
nitrogen concentrations remained rather constant with increasing dry season, which
might indicate a dietary change from mainly grass towards more browse material.
Although African buffalo is usually classified as a large, rather unselective grazer
(Bell 1971, Kingdon 1982, Estes 1991, Gagnon and Chew 2000, Traill 2004), some
authors have observed similar seasonal changes in its diet, including both
dicotyledons (Codron et al. 2007a) and monocotyledons (Jarman 1971, Prins and
Beekman 1989), and including grasses, that had previously been ignored (Macandza
et al. 2004).
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Relation of dung and vegetation quality
For all herbivores, nitrogen concentrations in dung declined less steeply
during the dry season than they did in plant biomass, except in acacia woodland. This
proportionally smaller loss of nitrogen corresponds to the results of Jhala (1997), who
found that crude protein content in dung decreased less than 25 percent while that in
forage decreased by over 60 percent.
Sinclair (1975) estimated that in its native range in Serengeti wildebeest
requires about 8 to 9.6 mg/g N for maintenance, which corresponds to concentrations
mentioned for several ruminant species in other areas (McDonald et al. 1973,
Liversidge and Berry 1996). According to the average vegetation samples that we
measured in Saadani National Park, these requirements would only be fulfilled in
acacia woodland habitats and in grazed patches, and in the latter only at the
beginning of the dry season. And although N contents in two of the most favoured
species, P. infestum and H. contortus (chapter 2), remained above this critical values
in some habitats, this was not the case in tall grass savanna. Indeed, the N
concentrations in the dung of wildebeest were mostly below the critical value of 14
mg/g N that is generally taken to indicate nutritional deficiency in herbivores (Wrench
et al. 1997). This is a strong indication that this relatively large, non-native ungulate
from the open arid savannas has difficulty in meeting its nutritional requirements in a
nutrient-poor moist savanna ecosystem, where nitrogen concentrations are only
adequate in acacia woodland.
Although concentrations of P in the dung of all species were above the critical
value of 2 mg/g P indicating deficiency (Wrench et al. 1997), the strongly declining
concentrations during the dry season suggest an increasing need to conserve P.
Indeed, P concentrations in dung declined more steeply than they did in the
vegetation, except in the case of black cotton savanna. These results suggest that the
larger herbivores waterbuck and wildebeest had increasing difficulty in obtaining
sufficient phosphorus. Some authors have suggested that because P is needed in large
amounts for the construction of the skeleton (Robbins 1994, Barboza et al. 2009), it is
the most limiting mineral for wild ranging large mammalian herbivores, and
especially for pregnant and lactating females (Abaturov et al. 1995, Augustine 2003).
Due to its high P concentrations in the early dry season, black cotton savanna is a
very valuable habitat for herbivores. For wildebeest in Saadani, it may also be
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important in the rainy season, during the period when young are born (pers. obs.) and
being fed by their mothers (Rutberg 1987). However, no habitat in our study area had
average vegetation concentrations below the critical values of 0.4-0.6 mg/g P during
the whole study period (Loosli and McDowell 1985, Abaturov et al. 1995, Augustine
2003), and the concentrations in green leaves remained above this limit in all habitat
types.
How do vegetation quality and quantity explain the animals diet?
Our results show that the quantity and quality of the vegetation vary
significantly among habitats, especially in the dry season, and both have important
effects on the grazer’s diet. Dead grass material is of poor nutritional quality, and
large herbivores tend to avoid habitats with a high proportion of dead material
(Boutton et al. 1988b) except when green material is generally scarce (McNaughton
1985). Although the biomass was generally lower in acacia woodland, the proportion
of green leaves, which are especially important to grazers (Sinclair 1975), remained
constant throughout the dry season, whereas it declined in the other habitats. The
proportion of green leaves was consistently high in the most eaten fodder species, P.
infestum, while it was generally low in H. contortus, except in tall grass savanna at
the end of the dry season.
As expected, the N and P concentrations of green leaves remained consistently
higher and decreased less rapidly than concentrations in the total biomass, consisting
of living and dead leaves and stems. Green foliage of P. infestum, the species most
favoured by all three herbivores in Saadani (chapter 2), was the most nutrient-rich of
the grasses during the early dry season, except in the grazed patches where various
other nutrient-rich grasses, such as Setaria sp., Digitaria sp. and Chloris sp, were
abundant (Chapter 1). And even at the end of the dry season, when H. contortus
became increasingly important for the grazers (chapter 2), concentrations of N and P
remained higher in P. infestum.
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Conclusion
We conclude that grazing herbivores in the humid savannas of the Saadani
National Park are confronted with herbage of sub-optimal quality in the dry season.
However, as humid savannas are more heterogeneous than extensive arid savannas,
with herbage of varying quality and quantity in different patches, herbivores may
optimise their diet during the dry season by selecting different plant species and
habitats. The most favoured species P. infestum (see chapter 2) is superior to others in
terms of both nutrients and green biomass. However, the increasing prominence of H.
contortus in the diet during the dry season cannot be explained either in terms of N
and P content or in the proportion of green foliage.
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Tables
Table 1: Effects of habitat type (Habitat), ongoing dry season (Time), and their interaction on
biomass characteristics in Saadani National Park. Effects for the total, living, and dead
biomass of the herbaceous vegetation are shown. Additionally, effects on average Vegetation
N and Vegetation P concentrations and the Vegetation N:P ratio in the subsamples of each
plot are shown. All data are log10 transformed except Vegetation N:P ratio. The habitat type
includes Acacia woodland, Black cotton grassland, Grazed patches, and Tall Grass savanna.
F-values of repeated measures (four subsequent periods), as well as the results of Tukey post
hoc tests for the habitat types are shown. Different letters indicate significant differences at
the p<0.05 level.

ANOVA

Habitat

Time

Habitat*Time

3

3

9

Total biomass

11.8***

0.9

1.5

Living biomass

7.0**

1.4

1.0

Dead biomass

7.1**

12.7***

1.6

Vegetation N

11.8***

47.8***

3.7*

Vegetation P

1.2

35.1***

1.4

Vegetaton N:P ratio

5.3*

2.9

3.0†

d.f.

Tukey comparison
among habitat types

Acacia

Black cotton

Grazing lawn

woodland

Tall Grass
savanna

Total biomass

bc

ab

c

a

Living biomass

ab

a

b

a

Dead biomass

ab

ab

b

a

Vegetation N

a

bc

ab

c

Vegetaton N:P ratio

a

b

b

b

*** P<0.001, ** P<0.01, * P<0.05, †P<0.1
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Table 2: Effects of habitat type (Habitat), proceeding dry season (Time), and plant species or
functional groups of species (Species), as well as their interactions, on aboveground biomass
and for the percentage living leaves in the total herbaceous biomass, as well as N and P
concentrations of living leaves and the N:P ratio in it. Total biomass, N and P concentrations
are log10 transformed. The included habitat types as well as species or functional groups of
species are mentioned under Tukey comparisons. F-values of repeated measures (four
periods) are shown.
ANOVA

Habitat

d.f. (biomass//nutrients)

Species

Time

Habitat *

Habitat *

Species *

Species

Time

Time

3//3

6//2

1//1

18//6

3//1

6//2

10***

56.3***

1.5

4.4***

0.5

0.8

1.1

14.6***

12.9**

0.9

1.6

3.0**

leaf N concentration

18.4***

4.7*

12.9**

3.8**

3.4*

1.9

leavf P concentration

1.1

9.7***

14.5**

1.7

1.3

0.0

7.9**

2.9 †

5.4*

2.2

4.7*

2.1

toal biomass
% living leaves

leave N:P ratio

Tukey comparison

Acacia

Black

woodland

cotton

total biomass

bc

ab

c

a

leaf N concentration (P.i.//

a

bc

b

c

(a//a//a//a)

(b//bc//ab//bc)

(b//b//bc//ab)

(c//c//c//c)

a

b

b

b

(a//-//a//a)

(b//-//b//b)

(b//-//b//b)

(b//-//b//b)

among habitat types

H.c.//o.grass.//a.plot)

leaf N:P ratio
(P.i.// H.c.//o.grass.//a.plot)

Tukey comparison
among species

P. in-

H. con-

Other

festum

tortus

grasses

Grazed patches

Tall Grass
savanna

Sedges

W. indica

Legumes

Other
forbs

toal biomass

b

bc

a

c

c

c

c

% living leaves

a

bc

a

c

c

ab

a

leaf N concentration

a

ab

b

leaf P concentration

a

b

b

*** P<0.001, ** P<0.01, * P<0.05, †P<0.1
(P.i.// H.c.//o.grass.//a.plot) = (P. infestum// H.contortus//othergrass//average plot)
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Table 3: Effects of herbivore species (Species), proceeding dry season (Time), and their
interaction on N and P concentrations in dung of ungulates in Saadani National Park. N and P
data are log10 transformed, N/P not. The species includes reedbuck, hartebeest, waterbuck,
wildebeest, buffalo and giraffe. As the data of the browsing giraffe is quit different and data
for one of the periods are missing for buffalo we repeated the test with exclusion of these two
species. F-values of repeated measures (four periods) are shown (including all animal
species//reduced set of species). Tukey post hoc tests showed highly significant (p<0.001)
differences between giraff and the smaller grazing species and significant (p<0.05)
differences between reedbuck and wildebeest for N and P concentrations; other species
comparisons were not significantly different.

ANOVA

Species

Time

Species*Time

5//3

3//3

15//9

N concentration

151.1***//3.8*

14.2***//19***

2.9*//1.7

P concentration

6.8 ***//2.6†

10.7***//10.4***

1.9*//1.8

35.9***//6.5***

3.7//5.3*

1.1//2*

d.f.

N:P ratio
Tukey comparison

Reedbuck

Waterbuck

L. Hartebeest

Wildebeest

Buffalo

Giraffe

N concentration

b//A

b//AB

b//AB

b//B

ab

a

P concentration

ab//A

b//AB

b//AB

b//B

ab

a

N:P ratio

b//B

c//A

bc//AB

bc//A

abc

a

Period 1

Period 2

Period 3

Period 4

N concentration

a//A

a//B

ab//BC

b//C

P concentration

a//A

ab//B

ab//B

b//B

N:P ratio

b//B

ab//AB

ab//A

a//A

among species

Tukey comparison
among period

*** P<0.001, ** P<0.01, * P<0.05, † P<0.1
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Table 4: Percentual decrease of concentrations from the first measuring period in just after rain season
to the last measured season at the end of the dry season.

Decrease in nutrient
concentration between
period 1 and 4 (%)
N

P

Buffalo

0.8

12.5

Giraffe

15.8

21.8

L. Hartebeest

11.6

12.4

Reedbuck

20.3

26

Waterbuck

18.1

42.8

Wildebeest

24.9

35.9

Acacia woodland

7.7

25

Black cotton sav.

32

54.2

Grazing lawn

22.7

15.5

Tall Grass sav.

29.2

30.3

Herbivore dung

Vegetation
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Appendix 1
Study animals and their feeding guilds, body weights and abundances in Saadani National Park.
Common name

Scientific name

Feeding guild[1] and habitat [2]

BW
(kg)

Bohor reedbuck

Redunca

Small selective grazer, may eat

redunca

forbs and leaves of woody plants

PS in
[3]

SNP

[4]

Density
SNP[5]

45

258

7.5

185

692

2.3

200

101

2.7

260

3766

3.1

500

461

4.6

1180

286

1.4

in dry season; > 95% monocots,
5% dicots. Moist savanna
species.
Lichtenstein’s

Alcelaphus

Large mid-selective grazer; 60-

Hartebeest

lichtensteinii

90% monocots, variable. Moist
savanna species.

Waterbuck

Kobus

Large less selective grazer; feeds

ellipsiprymnus

on protein rich grass, dicots for
additional protein intake when
green grass scarce; 84%
monocots, 15% dicots, 1% fruits.
Moist savanna species.

Blue wildebeest

Connochaetes

Large less selective grazer; feeds

taurinus

on short grass with rapid
regrowth; 87.5% monocots, 12%
dicots, 0.5% fruits. Arid savanna
species.

African buffalo

Syncerus caffer

Large less selective grazer; 6090% monocots, variable. Arid
savanna species which can deal
with moist savannas.

Giraffe

Giraffa

Large selective browser; > 70%

camelopardalis

dicots. Arid savanna species.

[1]

(Bell 1971)(Estes 1992)(Gagnon and Chew 2000)(Traill 2004)

[2]

(East 1984)

[3] BW

Body weight; averages from male and female ((Kingdon 1997)).

[4] PS in SNP

Population size in Saadani National Park; estimated animal numbers of air survey data
2
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