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or 



Discovered field courses! 
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•  Found inspiration for 
future career 
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Lethal & nonlethal effects of predators 



Lethal (consumptive) effects 

•  Direct predation/
consumption removes 
individuals from a 
population. 

 



Nonlethal (non-consumptive) effects 

•  Also called “fear effects” 
 
•  Adaptive changes in prey 

behavior or morphology in the 
presence of predators that 
make it more difficult for 
predators to detect, encounter, 
or capture prey. 



Fear effects on where gerbils forage 

Modified from Kotler et al. (1991), as presented in Lima (1998) 

Owls absent 

•  Gerbils removed fewer seeds in 
the open, where perceived 
predation risk from owls was 
greater than in the bush 



Fear effects on how much gerbils foraged 

Owls absent 

Owls present 

•  Gerbils removed fewer seeds in 
the open, where perceived 
predation risk from owls was 
greater than in the bush 

•  Within the bush, gerbils removed 
fewer seeds when owls were 
present than when owls were 
absent. Modified from Kotler et al. (1991), as presented in Lima (1998) 



Class question 

What other changes 
in prey behaviors 
might occur because 
of fear of predators? 



Trophic cascade 

Strong, indirect interactions that affect more than two trophic 
(feeding) levels within a food web, and typically occur when 
predation at one trophic level is suppressed (either due to 
direct predation on or changes in behavior at that trophic 
level), leading to an increase in abundance of prey at a 
lower trophic level. 



Trophic cascade 



Large carnivores are fearsome predators that pose real and
perceived threats to human life1 and livelihoods1–5, which is
why humans have attempted, and largely succeeded, at

extirpating them everywhere5–7. The loss of large carnivores is
now being recognized as possibly ‘humankind’s most pervasive
influence on nature’8, in part because the fear (perceived
predation risk9–11) they inspire in other animals may constitute
a significant ‘‘ecosystem service’’ critical to conserving biodiver-
sity and ecosystem function6,12–14. Being at the top of the food
chain, large carnivores can play a dual role in structuring
ecosystems by affecting both large herbivores and
mesocarnivores, causing both ‘‘tri-trophic cascades’’ (large
carnivore–herbivore–plant) and ‘‘mesopredator cascades’’ (large
carnivore–mesopredator–mesopredator’s prey), affecting diverse
species at multiple lower trophic levels6,8,12–14. By both killing
and frightening their prey, large carnivores could have a dual
impact on these dual cascades, for the straightforward reason that
frightened prey (in this case large herbivores and mesocarnivores)
eat less9,11,12,15. The mere presence of large carnivores may
therefore give rise to a ‘‘landscape of fear’’9, buffering lower
trophic levels from overconsumption by large herbivores and
mesocarnivores. Failing to consider fear risks substantially
underestimating the role large carnivores play, since fear may
be as or more important than direct killing in causing trophic
cascades, according to current theory and experiments primarily
on captive invertebrates16–19. Given the potential for human-
large carnivore conflict, there have been justifiable calls for direct
experimental evidence that the fear large carnivores inspire can
provide a significant ‘‘ecosystem service’’4,20. The absence of such
direct evidence to date is due to the challenge of experimentally
manipulating fear in free-living wildlife, it being only very
recently experimentally demonstrated that fear itself is powerful
enough to affect wildlife population dynamics21.

To test whether the fear of large carnivores can itself cause
cascading effects on mesocarnivore foraging and multiple lower
trophic levels, we conducted a spatially and temporally replicated
field experiment in which we manipulated fear using month-long
playbacks of large carnivore vocalizations (Fig. 1; Supplementary
Table 1). The experiment was conducted on wild, free-living
raccoons (Procyon lotor) on several small coastal Gulf Islands
(BC, Canada). The raccoon is a mesocarnivore subject to much
research regarding ‘‘mesopredator release’’14,22. Most of the large
carnivores known to hunt (wolf (Canis lupus), cougar (Puma
concolor)) or harass (black bear (Ursus americanus)) raccoons
were extirpated from the Gulf Islands last century22,23, the sole
remaining large carnivore being the domestic dog (Canis lupus
familiaris), which harasses and kills raccoons here, and has been
present for millennia, having always been kept by local aboriginal
peoples24. In a previous mensurative experiment comparing
Gulf Islands with and without raccoons22, we documented that
raccoons impact multiple marine species, reducing the abundance
of intertidal crabs and fish, and even subtidal red rock crabs
(Cancer productus).

To experimentally test whether the fear of large carnivores
could itself mediate the impacts of raccoons on marine biota,
we broadcast large carnivore predator (dog) or non-predator
(local pinnipeds; harbour seal (Phoca vitulina), Steller sea lion
(Eumetopias jubatus)) vocalizations over two large sections of
shoreline for 1 month, and then reversed the treatments for a
second month, using a repeated measures design to spatially
replicate our results, which we further spatially and temporally
replicated by repeating the same manipulation on a different
island the following year. We assayed the immediate reaction of
raccoons to the large carnivore predator and non-predator
vocalizations by directly observing their reactions to 10 s
playbacks, and assessed their response to the month-long

playbacks using multiple video surveillance and time-lapse
cameras to continuously film both experimental sections of
shoreline over both entire month-long playback periods

To test the cascading effects of our experiment on lower
trophic levels, we utilized the same methods (intertidal quadrats
and subtidal crab trapping) used in our previous mensurative
experiment to evaluate effects on raccoon prey22, and we
conducted fish trapping and a mark-recapture experiment
additionally quantifying effects on species not directly eaten by
raccoons, that are instead a competitor (staghorn sculpin
(Leptocottus armatus)) and prey (periwinkle snail (Littorina
scutulata)) of the prey (red rock crab) of raccoons25,26. Staghorn
sculpins are subtidal fish that, like red rock crabs, enter the
intertidal at high tide to feed on small invertebrates25,
but unlike red rock crabs, evidently successfully escape being
eaten by raccoons. Periwinkle snails are too small to be food for
raccoons but are eaten by red rock crabs, which use a distinctive
method of dispatching them, permitting the level of mortality to
be quantified using standard mark-recapture procedures26.

Here we report significant cascading effects of the fear of large
carnivores across multiple trophic levels in an intertidal food web,
which effectively reversed the impacts of mesocarnivore popula-
tions on marine biota by markedly suppressing mesocarnivore
foraging. These results indicate that the fear large carnivores
inspire in their prey can account for a major component of their
role in structuring ecosystems, reinforcing the value of large
carnivore conservation in ensuring the continuation of this
critical ecosystem service.

Results
Cascading effects of the fear of large carnivores. Fear of large
carnivores dramatically reduced mesocarnivore foraging (Fig. 2;
Supplementary Tables 2 and 3). The immediate reaction of rac-
coons to the 10 s predator playbacks was to either abandon
foraging entirely by leaving the intertidal (Fig. 2a) or reduce
foraging (Fig. 2b) and increase vigilance. Critically, these same
responses persisted throughout the month-long playbacks. Large

Fear of large carnivore 

Mesocarnivore foraging 

Intertidal prey Subtidal prey 

Crab prey Crab competitor 

+ –

Figure 1 | Fear of large carnivores caused a trophic cascade. Diagram
illustrating how broadcasting playbacks of large carnivore vocalizations
affected multiple lower trophic levels. Green and red arrows represent
positive and negative effects, respectively, on foraging, abundance or
survival. Solid arrows connect predator and prey; dashed arrows connect
species affected, but not directly eaten, by another.
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Fear-induced trophic cascade 

•  Fear of large predators caused 
reduced raccoon foraging 

•  Reduced raccoon foraging 
increased abundance of raccoon 
prey species. 

•  Increased subtidal  crab 
abundance (raccoon prey) 
decreased abundances of 
subtidal crab prey. 

Modified from Souraci et al. (2016) 
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Fear-induced trophic cascade 

•  Fear of large predators caused 
reduced raccoon foraging 

•  Reduced raccoon foraging 
increased abundance of raccoon 
prey, including subtidal crabs. 

•  Increased subtidal crab 
abundance (raccoon prey) 
decreased abundances of 
subtidal crab prey. 

Modified from Souraci et al. (2016) 
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Biological invasions 
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intervention) forms of dispersal in which a species arrives, establishes a 
self-sustaining population, and spreads throughout a region where it did 

not historically occur (Carlton 1989) 
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Introduction 
 

Human-assisted dispersal 

Range expansion 
 

Natural diffusion (movement) of species into new 
areas 



Invasions as an “historical fact of life” 

Vermeij (1991) 

Invasions (in the form of range 
expansions) have occurred 
throughout the history of life itself, as 
some species gradually evolved the 
ability to overcome physical or 
ecological barriers, while large-scale 
elimination of geographic barriers 
(e.g., tectonic plate activity), allowed 
for species from neighboring 
communities to extend their ranges.  
 



Accelerating rise in contemporary invasions/species 
introductions due to global travel & trade 



Class question 

In what ways do natural range expansions 
in geologic time differ from contemporary 
species introductions? (Hint: think about 
speed of invasions, types of species 
involved, geography, etc.) 



Biotic resistance 

•  The ability of a resident (typically 
native) community to prevent the 
establishment or limit the success 
of non-native species. 

 
•  Factors thought to provide biotic 

resistance = native predators, 
parasites, pathogens competitors 
& local diversity (e.g., genetic, 
species, functional – more diverse 
communities are typically more 
resistant to invasions than less 
diverse communities). 



Class question 

You suspect that a native eel may provide 
biotic resistance to an invasive crayfish 
via direct predation. How would you test 
for this? 
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Biotic resistance through fear of 
predators on Caribbean coral reefs 

Nicola S. Smith & Isabelle M. Côté 
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Predation on the invasive red lionfish, Pterois volitans
(Pisces: Scorpaenidae), by native groupers in the Bahamas

Received: 7 March 2008 / Revised: 11 March 2008 / Accepted: 11 March 2008 / Published online: 28 March 2008
! Springer-Verlag 2008

On 26 January 2008, a tiger grouper, Mycteroperca tigris
(472-mm standard length [SL]), was caught off New Provi-
dence (25"04.6¢¢N, 77"20.6¢¢W), Bahamas and found to
contain a single red lionfish, Pterois volitans (61-mm SL)
in its stomach. This observation was considered an anomaly
given both the venomous nature of lionfish, and their
relatively recent introduction to the Bahamas (Snyder and
Burgess 2007).

Anecdotal evidence provided by fishers, however,
suggested that native grouper species were preying on red
lionfish with some regularity. Subsequently, five Nassau
groupers, Epinephelus striatus, caught off Eleuthera Island
(25"10.0¢¢N, 76"14.0¢¢W) at an approximate depth of 14 m on 5
March 2008, were dissected. Two of the stomachs contained
red lionfish. The first grouper (477-mm SL) contained a
partially digested lionfish, identifiable only by the morphology
and multiplicity of the remaining fin rays. The second
slightly larger grouper (482-mm SL) contained a red lionfish
of 137-mm SL which was in almost pristine condition (Fig. 1).

The successful invasion and establishment of the
piscivorous red lionfish in western Atlantic waters (Fig. 2)
(Whitfield et al. 2002; Snyder and Burgess 2007) have lead
to concerns over its potential impact on native fish biotas.
To our knowledge, this is the first documented evidence of
introduced red lionfish being preyed upon by native species
within their novel range.
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Fig. 1 Nassau grouper, Epinephelus striatus, with red lionfish,
Pterois volitans dissected from stomach following capture on 5
March 2008. The lionfish was orientated in the stomach as shown

Fig. 2 Red lionfish, Pterois volitans, photographed on 2 March
2008 south of New Providence, Bahamas
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suggested that native grouper species were preying on red
lionfish with some regularity. Subsequently, five Nassau
groupers, Epinephelus striatus, caught off Eleuthera Island
(25"10.0¢¢N, 76"14.0¢¢W) at an approximate depth of 14 m on 5
March 2008, were dissected. Two of the stomachs contained
red lionfish. The first grouper (477-mm SL) contained a
partially digested lionfish, identifiable only by the morphology
and multiplicity of the remaining fin rays. The second
slightly larger grouper (482-mm SL) contained a red lionfish
of 137-mm SL which was in almost pristine condition (Fig. 1).

The successful invasion and establishment of the
piscivorous red lionfish in western Atlantic waters (Fig. 2)
(Whitfield et al. 2002; Snyder and Burgess 2007) have lead
to concerns over its potential impact on native fish biotas.
To our knowledge, this is the first documented evidence of
introduced red lionfish being preyed upon by native species
within their novel range.
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Abstract

Lionfish (Pterois volitans/miles) have invaded the majority of the Caribbean region within five years. As voracious predators
of native fishes with a broad habitat distribution, lionfish are poised to cause an unprecedented disruption to coral reef
diversity and function. Controls of lionfish densities within its native range are poorly understood, but they have been
recorded in the stomachs of large-bodied Caribbean groupers. Whether grouper predation of lionfish is sufficient to act as a
biocontrol of the invasive species is unknown, but pest biocontrol by predatory fishes has been reported in other
ecosystems. Groupers were surveyed along a chain of Bahamian reefs, including one of the region’s most successful marine
reserves which supports the top one percentile of Caribbean grouper biomass. Lionfish biomass exhibited a 7-fold and non-
linear reduction in relation to the biomass of grouper. While Caribbean grouper appear to be a biocontrol of invasive
lionfish, the overexploitation of their populations by fishers, means that their median biomass on Caribbean reefs is an order
of magnitude less than in our study. Thus, chronic overfishing will probably prevent natural biocontrol of lionfishes in the
Caribbean.
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Introduction

Over the last five years, one of the world’s most ornate fishes,
the lionfish (Pterios volitans/miles), has invaded much of the
Caribbean, spanning an area exceeding 5,000 km2 [1]. It is
generally believed that P. volitans, together with a sister species, P.
miles, escaped from aquaria in Florida within the last decade [2].
What makes the invasion of these species so important is their
voracious appetite for small fishes [3,4,5], combined with their
ability to invade multiple habitats, ranging from the outer margins
of reefs to sheltered mangrove lagoons [6,7]. Thus, small-bodied
and juvenile reef fish are now subjected to greatly elevated
predation and the usual strategies employed to avoid predation,
such as the usage of mangrove nurseries [8,9], may confer limited
benefit as lionfish occupy most habitats. The long-term conse-
quences of such predation on reef biodiversity and function are not
yet clear, but are a matter of grave concern.

The success of lionfish is partly attributable to its resistance to
predation, largely because of its elaborate portfolio of venomous
spines. In its native range of the Indo-Pacific, identification of
the predators of lionfish has proven elusive, although reports of
predation by the cornetfish, Fistularia commersoni, have been made
for P. miles [10]. Fistularids are uncommon in the Caribbean
[11] and the only confirmed indication of predation has been
the observation of lionfishes in the stomachs of two large-bodied
species of grouper, Epinephelus striatus and Myceteroperca tigris [12].
Here, we ask whether grouper, one of the most heavily targeted
fisheries species in the world [13], could serve as a natural form
of biocontrol for invasive lionfishes. The use of predatory fishes

for controlling invasive species has been used in other
ecosystems [14], but has not previously been described for coral
reefs.

While grouper may have the capacity to consume lionfish, this
does not necessarily imply that they act as a biocontrol. Effective
biocontrol would require that grouper predation exerted a
significant net impact on the density of their prey, which might
not be the case if predation rates are low and/or lionfish
recruitment rates high. To establish whether grouper represent a
natural form of biocontrol for lionfish, we took advantage of a
natural fishing experiment in the Bahamas. A 20 year ban on
fishing within the Exuma Cays Land and Sea Park (ECLSP) has
enabled grouper populations to exceed those in fished areas [15].
Some five years after the invasion began, we ask whether these
increased densities of groupers are reducing lionfish densities and,
if so, consider whether this biocontrol mechanism is likely to be
feasible elsewhere in the Caribbean region.

Results and Discussion

A 20 year ban on fishing in the Exuma Cays Land and Sea Park
(ECLSP) has allowed predatory groupers to attain some of the
highest biomasses reported anywhere in the Caribbean. Taking
the region-wide dataset from the Atlantic Gulf Rapid Reef
Assessment Program [16], we show that the mean biomass of
grouper in the Park, ,2000 g 100 m22, falls in the top 1% of all
Caribbean sites (Fig. 1). Thus the ECLSP and it’s surrounding
areas provide an unusual opportunity to examine the potential of
groupers to act as a natural biocontrol of non-native lionfish.
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Craig A. Layman4, William F. Precht5¤ , John F. Bruno1

1 Department of Biology, The University of North Carolina at Chapel Hill, Chapel Hill, North Carolina, United States of America, 2 Department of Biological Sciences, Simon

Fraser University, Burnaby, BC, Canada, 3 REEF, Key Largo, Florida, United States of America, 4 Marine Sciences Program, Florida International University, North Miami,

Florida, United States of America, 5 NOAA – Florida Keys National Marine Sanctuary, Key Largo, Florida, United States of America

Abstract

Biotic resistance, the process by which new colonists are excluded from a community by predation from and/or competition
with resident species, can prevent or limit species invasions. We examined whether biotic resistance by native predators on
Caribbean coral reefs has influenced the invasion success of red lionfishes (Pterois volitans and Pterois miles), piscivores from
the Indo-Pacific. Specifically, we surveyed the abundance (density and biomass) of lionfish and native predatory fishes that
could interact with lionfish (either through predation or competition) on 71 reefs in three biogeographic regions of the
Caribbean. We recorded protection status of the reefs, and abiotic variables including depth, habitat type, and wind/wave
exposure at each site. We found no relationship between the density or biomass of lionfish and that of native predators.
However, lionfish densities were significantly lower on windward sites, potentially because of habitat preferences, and in
marine protected areas, most likely because of ongoing removal efforts by reserve managers. Our results suggest that
interactions with native predators do not influence the colonization or post-establishment population density of invasive
lionfish on Caribbean reefs.
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Introduction

Indo-Pacific lionfishes (Pterois volitans and Pterois miles, hereafter
termed ‘‘lionfish’’) are the first exotic marine fish to successfully
invade and become established across the greater Caribbean
region [1]. The invasion has the potential to significantly alter
marine ecosystems through competition with native predators and
predation on reef fishes and invertebrates. Some of these
anticipated effects are already evident. For example, Green et al.
[2] reported a 65% decline in native fish biomass over just two
years on heavily invaded reefs of New Providence, Bahamas. On
experimental reefs, a single lionfish was shown to reduce the
recruitment and richness of native fishes [3], and have significantly
greater impacts than that of a comparable native mesopredator
(the coney grouper, Cephalopholis fulva) [4]. Lionfish are predicted to
have substantial cascading impacts on coral reef food-webs [5] and
benthic community structure [6].

The recent invasion of Caribbean coral reefs by lionfish has
alarmed reef managers, who are racing to identify effective
mitigation strategies. The best management strategies, in terms of
regulating lionfish spread and abundance, are likely to be derived
from an understanding of the processes underpinning lionfish

invasion success. Introduced species may successfully invade novel
areas because the biotic agents regulating their populations (e.g.,
competitors, predators) are rare or absent in the new range [7] –
the enemy release hypothesis [7]. Thus, recipient communities
with high fish biodiversity and abundance may be more likely to
resist establishment of invasive species than communities that are
less species-rich – the diversity-invasibility hypothesis [8].

In the case of introduced lionfish, healthy populations of native
predatory fishes could ‘‘resist’’ lionfish colonization, either
indirectly through competition for habitat and prey resources, or
more directly through predation – the biotic resistance hypothesis
[9,10]. Lionfish have been found in the stomach contents of large
groupers [11], consumed by moral eels [12], and sharks in some
areas have been taught to consume dead lionfish [13]. However, it
is unclear how often predation on lionfish occurs naturally. In an
apparent example of biotic resistance, Mumby et al. [14] found
that lionfish biomass was lower within the Exuma Cays Land and
Sea Park, which has relatively high predator biomass, suggesting
that interactions with predators, specifically large groupers, may
reduce the post-establishment abundance of lionfish.

The purpose of our study was to test the generality of those
findings, by examining the relationship between native predator
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