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PREAMBLE

PARTI





General Introduction

Piet J. van den Hout

CHAPTER1

Explaining why this thesis was written – and casting a glance at last century’s achieve-
ments in predation studies – then explaining why risk differs from danger – subsequently
introducing the study system that yielded this thesis – and finally revealing the topics
that were studied and conveying how the chapters unfold the stories.
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MOTIVATION FOR THIS THESIS

As yet, the vast majority of shorebird studies have focused on shorebirds as preda-
tors of worms, bivalves, gastropods, shrimps and their likes (see van de Kam et al.
2004 for an extensive summary). Only a minority of studies focused on the role of
shorebirds as potential prey for higher trophic levels. This is understandable, as
attacks on shorebirds are rarely witnessed, whereas foraging shorebirds can readily
be observed. Yet, as shorebirds can only benefit from foraging if they avoid
becoming food themselves, their ecology cannot be fully understood without an
understanding of predation costs. Although the issue of shorebird predation has been
quite well integrated into foraging ecology, a lot of questions still remain. For
example, with respect to the consumptive effects of predators on shorebirds (how
many are killed?), differential vulnerabilities of classes of birds (which individuals
are most vulnerable and why?), and the various – behavioural, morphological and
physiological – ways in which shorebirds manage predation danger. All of this
converges on the question what the costs of predation are for shorebirds, and how
and why they vary. In this thesis, with respect to non-breeding shorebirds, I aim to
shed more light on these questions.

In Collins Dictionary of the English Language predation is defined as “a relation-
ship between two species of animal in a community, in which one (the predator)
hunts, kills, and eats the other (the prey)”. Likewise, in this thesis we regard preda-
tion as a special kind of consumption, next to other kinds of consumption, like
herbivory and detrivory (Yodzis 1989). Predators can affect prey through basically
two mechanisms: (1) via the killing of individuals and (2) through eliciting behav-
ioural responses in prey (anti-predation defences). As the first (obviously) affects
prey fitness directly, the second affects fitness through missed opportunities for
survival or reproduction (Cresswell 2008). 

Due to prey responsiveness, death rates do not increase in direct proportion with
an increase in predator numbers (Abrams 1993). Therefore, for a proper under-
standing of predatory impact on prey populations prey responsiveness to predation
must be taken into account. 

Prey, in turn, also influence the behaviour of predators. In fact, predator-prey
interactions involve two opposing selection pressures as the predator’s ability to
catch and kill prey is counteracted by the prey’s ability to avoid predation. Yet, this
interaction is asymmetric, as an individual prey has more to lose by failure to avoid
a predator, than predators by failing to catch a prey (Dawkins 1999). For this reason,
selection pressure on anti-predation measures must be very strong, which underpins
the pivotal role of predation in behavioral ecology (Lima & Dill 1990). 
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A BRIEF HISTORY OF PREDATION STUDIES

Ever since predation became subject of study it has been studied from a great variety
of view-points. Starting in the 1940s, studies of predation focused primarily on the
consumptive side of predation, questioning whether predators are capable of regulating
prey populations by killing prey (Errington 1946a, 1946b, Tinbergen 1946, Pearson &
Pearson 1947). Leopold’s idea, proposed in the 1940s, that top-predators are a neces-
sary component of all ecosystems and that their loss can eventually lead to severe
reductions in carrying capacity of the environment (Leopold 1943, Leopold et al. 1947),
was influential for a decade or two. But it dissolved after having been thoroughly
contested (Caughly 1970); as later appeared, unjustifiably (Ripple & Beschta 2005). 

Meanwhile attention was given to hunting styles and prey selectivity by raptors
(Rudebeck 1950-1951). Yet, such time-consuming field studies remained scarce until
Dekker started up his intensive studies of foraging habits and capture rates of four
species of bird-hunting falcons from the 1980s onward (Dekker 1980, 1985, 1988,
1995, 1998, 2003, Dekker & Lange 2001, Dekker & Court 2003, Dekker & Ydenberg
2004, Dekker & Taylor 2005). 

It has taken some time, however, for predation to become an integral part of
foraging ecology (Bednekoff 2007). Several studies in the early 1980s pointed at the
pervasive effects of predation danger on foraging (Dill & Fraser 1984, Kotler 1984).
The influential textbook Foraging Theory by Stephens and Krebs (1986) casually
touched upon trade-offs between energy gain and safety, mentioning a single study
by Lima et al. (1985). But the flood of studies that included costly anti-predation
measures in response to predation danger discharged from mid 1980s onward,
culminating in the first important review in 1990 by Lima and Dill, and its follow-
up by Lima in 1998. Meanwhile the study of behavioural interactions between
predator and prey had greatly increased understanding of prey behaviour, such that
is became clear that nearly any aspect of prey decision-making can be affected by
predation danger. At the end of the 1980s two new tools started to make it possible
to titrate the balanced interests of food and safety. Firstly, the way of expressing
energy gain and safety from predators into a common currency (Abrahams & Dill
1989); secondly, the concept of giving-up densities (GUDs) in depletable food patches
and the distribution of foragers across safe and risky feeding opportunities (Brown
1988). Complying with Lima’s appeal not to engage one-sidedly in prey-responsive-
ness, but likewise recognizing responsiveness of predators to prey (Lima 2002), a
great number of detailed field studies on predator-prey interactions have comple-
mented these experiments (reviewed in Cresswell 2008). 

To make the prey’s and predators’ opposing selection pressures workable in a
population ecological context, Brown et al. (1999) introduced the ‘Ecology of Fear’.
This included the concept of fear-driven (“µ-driven”) population interactions as
opposed to mortality-driven (“N-driven”) interactions (Box II). These ideas were
closely linked to the asset-protection principle as introduced by Clark (1994), stating
that the more an animal has to lose, the more fearful it should be. 



The proceeding integration of predation into foraging theory went hand in hand
with an increasing attention for the effects of predation on community dynamics,
including the question how behaviour-mediated indirect effects of predation can
affect community structure and coexistence between species (for a review see Kotler
& Brown 2007). 

Meanwhile predator-prey interactions have matured into a fully integrated part of
foraging ecology. As expressed by Bednekoff (2007), danger is now treated as a matter
of life and death, rather than just a distraction from rigorous experimental design. 

MANAGING PREDATION

Lank and Ydenberg (2003) noticed the often ambivalent and indefinite use of the
term ‘predation risk’, and proposed a clear distinction between predation risk and
predation danger. They stated predation ‘danger’ to be essentially a theoretical
concept, describing the probability of becoming prey if no anti-predation measures
are taken. It refers to ecological properties of the environment such as the abun-
dance of predators, the structure of the habitat, the availability of alternative prey
(including conspecifics), and other factors that the prey cannot affect directly and
quickly by its behaviour. Yet, as noted by Lima (2002), danger is rarely a fixed prop-
erty of a certain location. It varies with time and place, for instance as predators
adjust their hunting behaviour to the presence and behaviour of their prey.
‘Predation risk’, on the other hand, is the probability of getting killed by a predator,
which can be controlled by the animal (Lima & Dill 1990, Lank & Ydenberg 2003) in
a number of ways. 

The most obvious way to control predation danger is to avoid predators, by
hiding or by foraging in patches rarely visited by predators (Cresswell 2008). But, as
said, particularly with mobile predators, complete avoidance is not often possible.
As animals have to feed to avoid starvation, some exposure to danger is generally
inevitable. As in many species morphological traits to avoid detection, such as
crypsis, are not a sufficient defence against predation, these animals have to adjust
the timing and places of their activities to prevalent levels of predation danger. For
timely detection of predators, vigilance needs to be balanced with foraging. Yet,
shared attentiveness may be gained by flocking, creating time for foraging. Flocking
has several other anti-predation benefits such as risk dilution, and predator confu-
sion (Krause & Ruxton 2002, Caro 2005), but it can also facilitate foraging by infor-
mation transfer (Giraldeau 1997). 

As appetizers to the main studies in this thesis, I present some casual observa-
tions illustrating two basic mechanisms which birds can adopt to control predation
danger: flocking (CHAPTER 2) and vigilance (CHAPTER 3). The article about vigilance
illustrates the possible caveats that are encountered when interpreting animal
behaviour which is essentially an internal process that is not directly accessible to
the senses of even the keenest observer.   
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STUDY SYSTEM

In this thesis we aim to shed more light on the impact predators may have on popu-
lations and individuals of coastal shorebirds in their non-breeding period. Controlled
experiments at the Royal Netherlands Institute for Sea Research (NIOZ) were
combined with field observations at Banc d’Arguin, Mauritania. Attempts to do
observational and experimental studies closer to home were not as successful (Box
I). The Banc d’Arguin is an area of shallow water and islands that stretches along the
northern coast of Mauritania, bordering the Sahara desert (Fig. 1.1). It is the major
wintering area for millions of shorebirds that breed in Arctic regions of Fenno-
Scandia, Siberia, Greenland and Canada (Altenburg et al. 1982, Smit & Piersma,
1989, Zwarts et al. 1998a,b, Davidson & Stroud 2006). At Banc d’Arguin, shorebirds
are hunted by migrant and resident raptor species, of which the large falcons (Box
III) are most lethal. Prey remains (Fig. 1.2) were collected to assess the relative
vulnerabilities of species and age-classes to predation by these large falcons. This
information was complemented by observations on raptor-wader interactions.
Colour-banding of shorebirds caught by mist nets allowed us to estimate survival,
but also examine micro-habitat use (Fig. 1.3). 
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Figure 1.1 (A) The National Park of Banc d’Arguin in Mauritania at the border of the Sahara desert.
(B) A bird eye view of a part of our study area (indicated by the angle shown in panel B), showing the
transition between the desert and the intertidal mudflats, largely covered by seagrass (Photo cour-
tesy by En Haut! M. Broquère - S. Nancy). (C) A closer (satellite) view of the study area of Iwik Penin-
sula and the surrounding mudflats. Green parts are seagrass beds (photo Google Earth).



LETHAL AND NON-LETHAL EFFECTS OF PREDATION

In Part II studies on lethal and non-lethal effects of predation are presented. In
CHAPTER 4, for an array of wader species, we will examine to what extent direct
mortality affects their wintering populations. Then for three species we estimate
age-differences in predation mortality. Finally, for Red Knot Calidris canutus, we
estimate the share of predation mortality in the local wintering population in view
of all other causes of mortality, distinguishing between adult and juvenile birds. 

The topic of age-differential impact of predation serves as a prelude for the
discussion about how behaviours such as predator avoidance, foraging strategies
and competitive foraging abilities may allow animals to manage predation danger
and how trade-offs between energy gain and safety from predators may depend on
factors such as energy state and individual abilities in foraging and competition
(CHAPTER 5). The extent to which individual differences in such skills may affect
patterns of distribution is discussed in CHAPTER 6. 

FLEXIBLE ANTI-PREDATION ADJUSTMENTS IN BODY COMPOSITION

Apart from behaviour, which seems to be most flexible way to cope with changes in
the environment, organisms may also demonstrate flexible adjustments in body
composition. For instance, the digestive tract of many organisms responds rapidly
and in highly integrated ways to variations in food quality and energy demand
(Starck 2003, Battley 2005, Pennisi 2005, van Gils et al. 2005a). Furthermore, shore-
birds were shown to go through rapid reversible changes in nearly all body parts
before, during and after long-distance migration (Piersma & Lindström 1997). This
includes the main flight organ of birds, the pectoral muscle complex, which demon-
strates variability in a seasonal context (Marsh 1984, Evans et al. 1992, Jehl 1997,
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Figure 1.2 Red Knot after
being seized by a Lanner
Falcon Falco biarmicus
(photo Jeroen Reneerkens).



Piersma et al. 1999), and was shown to increase in moulting birds in order to
compensate for impaired flight ability (Lind & Jakobsson 2001). 

In Part III such flexibility in body composition is investigated in a predation
context. The prediction that shorebirds are capable of adjusting pectoral muscle or
overall body mass to changing levels of predation danger is examined. In CHAPTER 7
this is tested in indoor experiments by exposing Ruddy Turnstones Arenaria interpres
to a raptor model flying overhead and measuring changes in overall body mass and
pectoral muscle size. In CHAPTER 8, in a similar indoor experimental set-up, but with
Red Knots, we test the threat-sensitive predation-avoidance hypothesis, meaning that
prey should match the intensity of their anti-predation response to the degree of
threat posed by predators. In CHAPTER 9 the synergism between behaviour and
morphology is underlined by discussing how escape tactics may differ between
species depending on their foraging habits and related social behaviour, and wing
morphology. We develop a theory based on aerodynamics to predict the most appro-
priate morphological responses to experimentally induced predation danger for two
shorebird species that markedly differ in some of those aspects. Finally, in Part IV, our
studies are discussed in a wider perspective including the role of falcons as top-pred-
ators in ecosystems that involve shorebirds as prey (CHAPTER 10).
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Figure 1.2 Colour-banding of birds and subsequent resightings enabled studies on demography and
temporal and spatial patterns of habitat use.


