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Beaumont-Hamel 1 July 1916

First day of the Battle of the Somme (1 July ï18 Nov 1916)



Paternal grandfather

Enlisted Toronto, Age 16

Maternal grandfather

Enlisted Winnipeg, Age 17



Paternal grandfather fought in this battle

Severely wounded in Battle of the Somme (14 Oct 1916)



Canadaôsnational motto

Veterans returned from hell of trenches and war in Europe

ïto its antithesis

PEACE

ORDER

and

GOOD

GOVERNMENT



Planetary ómottoô

Many countries today; most history up to last half century or so

All non-human animals (most born end eaten by something else)

NASTY

BRUTISH

and

SHORT



ñThe business of killing and of avoiding death has been 

one of the primary interests of living beings throughout 

their long history on the earth... [explaining] the emotions 

and instincts that sometimes spread like wildfireé until 

vast populations are shouting and clamoring for warò

One of the foundational texts in modern psychology

written during WW1

Cannon, Walter B. (1915) 

Bodily changes in pain, hunger, fear and rage

Nasty, brutish and short

100 year old idea in Psychology



Fear of predators used to exemplify 

short-term ófight or flightô psychology

ñThe physiological provisions for fierce struggle... found...      

in... animals that must hunt and kill in order to live [are]...

biological adaptations to conditions in wildlifeé, i.e., the 

necessities of fighting or flighté [as exemplified by] the 

cornering of an animal when in the headlong flight of fearò

Most famous for introducing concept of ófight or flightô

exemplified by predator-induced fear in wildlife

Cannon, Walter B. (1915) 

Bodily changes in pain, hunger, fear and rage



óKilled or be killedô combat stress

more than just ófight or flightô

Clear from WWI the ñbusiness of killing and of avoiding deathò

can have lifelong psychological consequences in humans

ñDuring World War I, 10% 

of British battle casualties 

were categorized as some  

form of shell shockò

(Jones et al. 2007 

Am J Psychiatry 164:1641)

Trench clubs

Large proportion obviously suffering from 

post-traumatic stress disorder (PTSD)



Human mental health and ecology

linked by predator-induced fear

Population &

Community

Ecology

Neurobiology

Human

Mental

Health

Physiology

Predator-induced

Fear
in free-living wildlife

Predator-induced fear effects in wildlife help explain not only

short-term but lifelong psychological consequences in humans



Prof. Robert Adamec

(MUN Psychology)

helped pioneer use of

predator-induced fear

as a stressor

in studies of the

animal model of PTSD

Predator-induced fear effects in animals can help

explain lifelong psychological consequences in humans



Predator-induced fear and the

animal model of PTSD

The proximal cause of PTSD is a distinct event or events in which

there is a real or perceived threat to an individualôs life

(Daskalakis, Yehuda & Diamond 2013 Psychoneuroendocrinology 38:1895)
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For prey outcome of ANY predator-prey interaction is potentially

discrete, asymmetrical and profound: lifeïor death

Few failuresé are as unforgiving as the failure to avoid a predator: 

being killed greatly decreases future fitness

(Lima & Dill 1990 Can J Zool 68:619)

A predation attempt is unlike any other stressoré the 

consequences, if successful, are immediate and irrevocable

(Boonstra 2013 Funct Ecol 27:11)

Threat of immediate violent death

Predator-induced fear is distinct

from other stressors
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ONE chance to AVOID this outcome

ONE chance to LEARN how to AVOID in the future 

Predator-induced fear is distinct:
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ONE chance to AVOID this outcome

ONE chance to LEARN how to AVOID in the future 

MEMORY of how to AVOID is one you canôt afford to forget

Predator-induced fear is distinct:

single event can be transformational
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How often are prey ótraumatizedô?

How often does this really occur?

How often does the zebra get away from the lion?

How often does the seal get away from the shark?

How often do prey escape from the ójaws of deathô?



How often are prey ótraumatizedô?

Most predator attacks unsuccessful

Predatory birds (hawks, eagles) efficiency < 20 %

Insectivorous birds (robins, sparrows) efficiency often < 30 %

Predatory mammals usually have predation efficiencies < 50 %

Frogs < 20 % typical

Predatory fish have a mean success rate of 25-50 %

1982 Am Nat 120:701-720



1988 Am Nat 132:159-198

Predatory mammals usually have predation efficiencies < 50 %

Observed

success

shown

in

red

blue

dashed line

shows

50 %



Only 16 % of

Sparrowhawk

attacks on

shorebirds

are lethal

Cresswell et al. 2010 

J Anim Ecol 79:556-562

How often are prey ótraumatizedô?

Most hawk attacks unsuccessful



Are prey actually ótraumatizedô?

How often does this really occur?

Shark-attacked

sea turtle
Shark Bay

Australia

58 % of male 

loggerhead turtles

scarred from 

shark attacks

Heithaus & Dill 2002 

Marine Biol 140:229-236

Wounding (trauma, meaning a physical injury) caused by

unsuccessful predator attacks commonly seen in marine species



Are prey actually ótraumatizedô?

How often does this really occur?

Up to 35 % of female giraffes scarred by lion attacks

Strauss & Packer 2013 J Zool 289:134-142



Are prey actually ótraumatizedô?

How often does this really occur?

Up to 28 % of butterflies have bird beak marks in their wings

Ota et al 2014 Entomol Sci 17:371-375



Humans areprey - large carnivores 

kill humans to this day

Lions killed 563 Tanzanians from 1990-2004 (Packer 2005 Nature 436:927)

in Uganda, lions and leopards killed 247 people from 1923-1994

Man left armless by

lion attack

Map of lion attacks

across Tanzania



Humans areprey - large carnivores 

kill humans to this day

Tigers kill about 30 people per year across Asia

mostly in Bangladesh (Goodrich 2010 Integrative Zoology 5:300)

Tiger attack victim

in India

Most tiger attacks occur in

Sundarban region of Bangladesh



Humans rarely prey now because large

carnivores extirpated over past century

ñHumanityôs predatory hegemonyò is a recent phenomenon

largely the result of industrialization (how else could a Minnesotan dentist kill a lion)

100,000 tigers in 1900

now about 3,000

400,000 lions 50 years ago

now about 40,000



Predator-induced fear and the

animal model of PTSD

Wild animals areregularly ótraumatizedô 

suffering physically injuries (traumas) from predators 

Wild animals regularly experience life-threatening attacks 

narrowly escaping the ójaws of deathô

Showing a rat a cat is a

reasonable simulation of what happens in nature



Can fear itself have long-lasting or

even lifelong effects in wildlife?

Traditional view is predator-induced fear causes ófight or flightô: 

immediate, transient response with no lasting consequence



Easy to understand how physical trauma of a predator attack 

can affect future reproduction and survival

Can the psychological trauma of predator-induced fear

actually affect reproduction and survival in nature?

Can fear itself affect birth and

survival in free-living wildlife?

Darwinian ófitnessô depends upon getting your 

genes into the next generation

Reproduction and survival are the ócurrenciesô 

that matter in ecological and evolutionary terms

Darwin



Manipulating fear in free-living
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Introducing predators infeasible

No way to make non-lethal

No containment
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Introducing predators infeasible

No way to make non-lethal

No containment

Sound is non-lethal and

Sound TRAVELS and thus occupies SPACE

Our solution: the SOUND of fear

Manipulating fear in free-living

wildlife presents challenges



óLaboratoryô on BCôs Gulf Islands

Experiments on song sparrows, raccoons and deer



Experiment conducted on

wild free-living song sparrows

Measured effects on the birth and survival of offspring

Eggs laid

and

number hatched

Number of nestlings

that survived to

leave the nest

Number of juveniles

that survived to

leave their parents



Experiment conducted on

wild free-living song sparrows

Measured effect on the performance of survivors as adults

Found survivors when they were adults and measured the

number of songs they sang (song repertoire size)



Fear manipulated using:

predator vs. non-predator playbacks

Time when                                    Matched calls and sounds 

broadcast Predator Non-predator 

Day Common raven Canada goose 

Day Northwestern crow Mallard duck 

Day Cooperôs hawk Northern flicker 

Day Female brown-headed cowbird Belted kingfisher 

Day Male brown-headed cowbird Rufous hummingbird 

Day Raccoon ï social (purring) Downy woodpecker 

Day + Night Aggressive ï raccoon  Harbour seal 

Day + Night Brush disturbance sound Surf sound 

Night Western screech-owl Common loon 

Night Northern saw-whet owl Pacific chorus frog 

Night Barred owl Wood frog 

Night Owl wing-beat sound Wind sound 

 



Speakers

Speaker  compartment door

mp3 /battery compartment

mp3 player

D-cell

batteries

Every few minutes 24/7

from 15 March

(before first nests built)

to 24 July (last nest fledged)

Fear manipulated by:

broadcasting for 130 days 



Saltspring Island

Little Island

Russell Island

Brackman Island

Portland Island

Tortoise

Island

1 km

Playback:

Predator
Non-predator

Fear manipulated by:

broadcasting over a 16 ha area

Speakers distributed 

every 0.4 ha

(roughly one per territory)

at 11 locations across

five small (< 200 ha)

Gulf Islands

(B.C., Canada)



Fear itself reduced number of young

by half and handicapped survivors

1st experimental study in wildlife to show that fear itself affects

birth and survival and has lifelong psychological consequences

Survivors sang fewer songs

Allen et al. in prep
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53 % fewer offspring

Science 2011 334:1398; Allen et al. in prep



Frightened parents were too hypervigilant to eat easily-accessible

high quality food provided in unlimited amounts

Parents were so hypervigilant

they were too afraid to eat
Food consumption

Oecologia 2013 172:1031
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Treatment

Feeder kept filled 

with high quality food

in center of territory

Supplemental food

óMountain of chocolateô



Offspring condition

Science 2011 334:1398

Parental care

Science 2011 334:1398

Parents were so hypervigilant

they let their young starve to death
Offspring survival

Science 2011 334:1398

Frightened parents were too hypervigilant to feed their young

enough to keep them all alive 



Offspring condition

Science 2011 334:1398

Parental care

Science 2011 334:1398

Frightened parents were too hypervigilant to feed their young

enough to keep the survivors in good condition

Parents were so hypervigilant

surviving young were malnourished



Parental care

Science 2011 334:1398

Parental care affects offspring brain

development affects song learning

Malnourished young demonstrate poorer brain development

resulting in poorer song learning 

Brain development

Proc R Soc B 2006 273:2559

Song learning

Proc R Soc B 2007 274:2035



Parental care

Science 2011 334:1398

Offspring reproduction

Am Nat 2005 165:299

Parents were so hypervigilant they

handicapped offspringôsreproduction
Offspring song

Allen et al. in prep

Frightened parents were too hypervigilant to feed their young

handicapping brain development and reproduction of survivors
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How can predator-induced fear cause

such profound and lifelong damage?

Few failuresé are as unforgiving as the failure to avoid a predator: 

being killed greatly decreases future fitness

Threat of immediate violent death

Parents that failed to respond would die, if the threat were real, 

killing all their young and ending the chance of reproducing again 

Evolutionarily, for the individual, the continuation of life (survival)

is far more important than the quality of life

(Diamond & Zoladz 2016 J Neurosci Res 94:437)
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ONE chance to AVOID this outcome
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Memory of trauma and learning

to avoid danger ïkey to survival 

Recently shown in lab experiment on squid evading predatory fish

Crook et al. 2014 Current Biol 24:1121-1125



Animals with no memory of trauma

did not avoid danger ïand died

Injured (I) squid not anaesthetized when injured more vigilant,  

and had better survival, than those anaesthetized when injured (IA)



Memoryof predator-induced fear

and the animal model of PTSD
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Memoryof predator-induced fear

and the animal model of PTSD

Long-lasting effects of predator stress on pCREB expression 

in brain regions involved in fearful and anxious behavior

(Adamec, Hebert & Blundell 2011 Behav Brain Res 221:118)

Does predator-induced fear have the same long-lasting effects

in the brains of wild animals? 



Long-lasting predator-induced fear

effects in the brains of wild animals?

All experiments to date demonstrating predator-induced fear

effects on birth and survival in wildlife ïdone on birds 

Tested how ósound of fearô affected brain activation in wild birds 



Fear is something we can

measure in the brain

Amygdala is the ófear centreô

activated by fearful stimuli, lesioning makes one fearless 



Amygdala and hippocampus

brain regions associated with PTSD

(2012, Arch Gen Psychiatry 69:1080)

(2012, Arch Gen Psychiatry 69:1169)

Evidence of changes in amygdala and hippocampus

in response to combat stress in humans



Measured activation in amygdala, 

hippocampus and prefrontal cortex

Third brain region, prefrontal cortex, also associated with PTSD

along with the amygdala and hippocampus



Measured transcription factor

æFosBknown to affect behaviour

Transcription factors regulate the activity of multiple genes

æFosB known to increase reward-seeking and addiction



Special properties of æFosB

persistent and induced incrementally

Rather than being induced in large amounts and degrading rapidly 

æFosB is induced in small amounts and persists  



Special properties of æFosB

chronic induction and lasting effects

æFosB accumulates with chronic repeated exposure to stressor  

and persists in brain having long-lasting effects on behaviour



Long-lasting predator-induced fear

effects in the brains of wild animals?


