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‘ Oi\TH TOI BE TAKEN BY MAN ON ATTESTATION.

Paternal grandfather
Enlisted Toronto, Age 16
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Maternal grandfather
Enlisted Winnipeg, Age 17
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Paternal grandfather fought in this battle
Severely wounded in Battle of the Somme (14 Oct 1916)



C a n a chaional motto

PEACE
ORDER
and
GOOD
GOVERNMENT

Veterans returned from hell of trenches and war in Europe

T to its antithesis



Pl anetary oOmo

NASTY
BRUTISH

and
SHORT

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
100 year old idea Iin Psychology

Cannon, Walter B. (1915)
Bodily changes in pain, hunger, fear and rage

A T hbeisiness 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 likewi | df i reé wunt
vast populations are shouting and clamoring for waro

One of the foundational texts in modern psychology
written during WW1



Fear of predators used to exemplify
short-t er m orflightohtp sy c |

Cannon, Walter B. (1915)
Bodily changes in pain, hunger, fear and rage

ANnThe physiologi cal gtrugglei..$ourmdn.s f or
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 exempl i fi ed L
cornering of an animal when in the headlong flight of fearo

Most famous for i1 ntroducing con

exemplified by predator-induced fear in wildlife



OKI lolredwe kil l edo
more than | ust

ANDuring Worl d

of British battle casualties

were categorized as some
form of shell shocko

(Jones et al. 2007
Am J Psychiatry 164:1641)

Large proportion obviously suffering from
post-traumatic stress disorder (PTSD)

Trench clubs

Cl ear f r ombuaiwdss df hlleng &nd of avoiding deatho

can have lifelong psychological consequences in humans



Human mental health and ecology
linked by predator-induced fear

Neurobiology

/ Predator-induced \

Population & Human

Community F e ar Mental
Ecology Health
\ in free-living wildlife /

Predator-induced fear effects in wildlife help explain not only

Physiology

short-term but lifelong psychological consequences in humans
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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
thereis areal or perceivedt hreat to an I ndivi du
(Daskalakis, Yehuda & Diamond 2013 Psychoneuroendocrinology 38:1895)
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Predator-induced fear Is distinct
from other stressors

Threat of iImmediate violent death

Few failuresé are as wunforgiving a
being killed greatly decreases future fithess
(Lima & Dill 1990 Can J Zool 68:619)

A predation attempt 1 s unli ke any
consequences, if successful, are immediate and irrevocable
(Boonstra 2013 Funct Ecol 27:11)

For prey outcome of ANY predator-prey interaction is potentially

discrete, asymmetrical and profound: life i or death



Predator-induced fear Is distinct:
single event can be transformational

ONE chance to AVOID this outcome
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Predator-induced fear Is distinct:
single event can be transformational

ONE chance to AVOID this outcome

MEMORY of how to AVOIDisoneyou canot afford
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How often are pr e
How often does this really occur?

How often does the zebra get away from the lion?




How often are pr e
How often does this really occur?

How often does the zebra get away from the lion?

How often do prey escape from t



How often are pre
Most predator attacks unsuccessful

UNSUCCESSFUL PREDATION AND EVOLUTION

GEERAT J. VERMEDJ

1982Am Nat120:701720

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 %



THE EVOLUTION OF COOPERATIVE HUNTING

CRrAIG PACKER AND LLORE RUTTAN

1988Am Nat132:159198

Cheetah Coyotes on deer
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Predatory mammals usually have predation efficiencies <50 %
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Most hawk attacks unsuccessful
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Meters to predator concealing cover

Only 16 % of
Sparrowhawk
attacks on
shorebirds

are lethal

Cresswell et al. 2010
J Anim Ecol 79:556-562



Are prey actual
How often does this really occur?

58 % of male
loggerhead turtles
scarred from
shark attacks

Heithaus & Dill 2002

Shark-attacked Marine Biol 140:229-236

sea turtle

Shark Bay
Australia

Wounding (trauma, meaning a physical injury) caused by

unsuccessful predator attacks commonly seen in marine species



Are prey actual
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 actual |
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 are prey - large carnivores
kil humans to this day

[ 26 - 50
. 51-100

I 101 - 200
) Protected Areas
o 80 160 320

Man left armless by Map of lion attacks
lion attack across Tanzania

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

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



Humans are prey - large carnivores
kil humans to this day

BANGLADESH

| ( BANGLADESH
INDIA \,
Joymoni village
X}
/
INDIA Sundarbans forest
g) Pashur river
20 km
20 miles
Tiger attack victim Most tiger attacks occur in
in India Sundarban region of Bangladesh

Tigers kill about 30 people per year across Asia

mOStly N Banglad esh (Goodrich 2010 Integrative Zoology 5:300)



Humansrarely prey nowbecause large
carnivores extirpatedover past century

450000 i » e e
“ 3 . # .
_ Tiger Population ( > 4 %
v Decline '
'E’ 300000 -
= 40,000
& 250000
£ 200000 -
2
& 150000 - Tipping
£ Point
100000 3,200
50000 1
0 T T T T T T 1 S “ > “ o & S »w © o
1940 1950 1960 1970 1980 1090 2000 2010 2020 S FFSE & SSESSFS
400,000 lions 50 years ago 100,000 tigers in 1900
now about 40,000 now about 3,000

AHumani tyos predatory hegemonyo |

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



Predator-induced fear and the
animal model of PTSD

Wild animals regularly experience life-threatening attacks
narrowly escapingthe6j aws of deat ho

Wild animalsarer egul arl 'y oO0traumat i z

suffering physically injuries (traumas) from predators

30 min

Showing aratacatis a

reasonable simulation of what happens in nature



Can fear itselfhave longlasting or
evenlifelong effects in wildlife?

Traditional view is predator-i nduced fear causes
Immediate, transient response with no lasting consequence



Can fear itselfaffect birth and
survival in free-living wildlife?

Reproduction and survival

that matter in ecological and evolutionary terms

Dar winian O0fitnesso6 depend:

genes into the next generation

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?



Manipulating fear in free-living
wildlife presents challenges

Introducing predators infeasible
No way to make non-lethal

No containment
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Manipulating fear in free-living
wildlife presents challenges

Introducing predators infeasible
No way to make non-lethal

No containment

Our solution: the SOUND of fear

Sound is non-lethal and
Sound TRAVELS and thus occupies SPACE






Experiment conducted on
wild free-living song sparrows

Measured effects on the birth and survival of offspring

Eggs laid Number of nestlings Number of juveniles

and that survived to that survived to
number hatched leave the nest 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. nonpredator playbacks

Time when Matched calls and sounds

broadcast Predator Non-predator
Day Commonl dVeEn CanaddJOOS€
Day Northwestern crow Mallard duck

Day Co o p BAWK NorthernfliCk er
Day Female bown-headed cowbird Belted kingfister

Day Male trown-headedCOWDIrd RufoushUMMIN g bird
Day Raccoori social (purring) Downy woodpecker
Day + Night  Aggressivé [&CCOON HarbourS €all

Day + Night Brush disturbance sound Surf sound

Night Western screec® W | commonlOON

Night Northern sawwhet owl Pacific chorus frog
Night Barred owl Wood frog

Night Owl wing-beat sound Wind sound




Fear manipulated by:
broadcasting for 130 days

Every few minutes 24/7
sex;; from 15 March
M\ (before first nests built)

to 24 July (last nest fledged)

.......
nnnnn

e e i -
e R w— U — S, So—— o W — P st S wsns i wo——_»

mos /b'attéry COMPartment



Fear manipulated by:
broadcasting over a 16 ha area

afts ﬂng Islapd

r:‘“‘

Little Island

T Playback:
ATl Predator

Russell Island Non-predator

%
ol

portiandisliand ‘?
£ e . G

» A “ ; “~ » .‘\:s‘ -.“‘
AN R A
Brackman Island = 44 N o

>

QR Tortoise
Island

Speakers distributed
every 0.4 ha
(roughly one per territory)
at 11 locations across
five small (< 200 ha)
Gulf Islands

(B.C., Canada)



Fear itselfreducednumber of young
by half and handicapped survivors

53 % fewer offspring Survivors sang fewer songs
Science 2011 334:1398; Allen et al. in prep Allen et al. in prep
24 3
o
S 3 =
= e
S 2
©
g 2 :
3 2
S S
S 1 7]
Non-predator Predator Non-predator Predator
Playback Playback

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

birth and survival and has lifelong psychological consequences



Parents were so hypervigilant
they were too afraid to eat

Food consumption Supplemental food
Oecologia 2013 172:1031 6Mountain of chocol at e

QO -19.5 1

4

S 20,0

n o

(D)

Q. -20.5 1 -

= e

8 -21.0 7 i h‘?ﬂluw

5 _ AR
-21.5 -

S Feeder kept filled

M -22.0

with high quality food

Non-p}edator Preaator
Treatment in center of territory

Frightened parents were too hypervigilant to eat easily-accessible
high quality food provided in unlimited amounts



Parents were so hypervigilant
they let their young starve to death

Parental care
Science 2011 334:1398

12
@]

<11+

Feeding rate pe
(0 0] (o] o
[ I |

N
|

Non-predator Predator
Playback

Offspring condition

Science 2011 334:1398

Nestling fat score
o o o o N
T T T T9
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)
1

Non-predator Predator
Playback

Offspring survival
Science 2011 334:1398

-
o
|

O
©
I

Nestling survival
o o
T ®

=
fo)
|

Non-predator Predator
Playback

Frightened parents were too hypervigilant to feed their young

enough to keep them all alive



Feeding rate pe

Parents were so hypervigilant
surviving young were malnourished

Parental care Offspring condition
Science 2011 334:1398 Science 2011 334:1398
12— 7.0
[}
| -
11 8 6.5
7))
10— e 6.0
9 .85.5—
%)
8 ® 5.0
Z.
7 4.5
Non-predator Predator Non-predator Predator

Playback Playback

Frightened parents were too hypervigilant to feed their young

enough to keep the survivors in good condition



Parental care affects offspring brain

development affects song

learning

Parental care Brain development Song learning
Science 2011 334:1398 Proc R Soc B 2006 273:2559 Proc R Soc B 2007 274:2035
512 | |
8 — 15 =15 W , 0
11 = E 1 ' '
3 £ 1.0 o 1.0 J ;
10 q) .U q) : [ 0 [}
2 S £
= o- E S s ! '
CCJ) S 0.5 T > 0.5 [
.
T 8- O O
3 ° S l >
L 7 T 00 T 0.0
Non-predator Predator Ad-lib Restricted 5 6 7 8 9 10 11
Playback Food manipulation Song repertoire size

Malnourished young demonstrate poorer brain development

resulting in poorer song learning




Parents were so hypervigilant they
handicappedo f f s preprodugtiors

Parental care Offspring song Offspring reproduction
Science 2011 334:1398 Allen et al. in prep Am Nat 2005 165:299
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Non-predator Predator Non-predator Predator 4 567 8 910M1
Playback Playback Song repertoire size

Frightened parents were too hypervigilant to feed their young

handicapping brain development and reproduction of survivors
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How canpredatorinduced fearcause
suchprofound and lifelong damage?

; ¥4 Threat of immediate violent death :

Few failurese are as unforgiving a
being killed greatly decreases future fitness

Parents that were not hypervigilant would die, if threat were real,
killing all their young and ending the chance of reproducing again



How canpredatorinduced fearcause
suchprofound and lifelong damage?

; Threat of immediate violent death

Few failurese are as unforgiving a
being killed greatly decreases future fitness

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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Predator-induced fear Is distinct:
single event can be transformational

ONE chance to AVOID this outcome

MEMORY of how to AVOIDisoneyou canot afford



Memory of trauma and learning
to avoid dangeri1 keyto survival

1. Orientation 2. Pursuit 3. Attack 4. Capture

Slow swimming

Accelerated swimming
straight toward prey

Rapid directional changes

S

> a%
Fins extended

(, »

Turning toward target

(Start) Fins folded against body

Strong mantle

ction
(Alert) \

: Maximum speed
Weak mantle contraction =1 8 Strong mantle
) ntractioy

- T %
— G Maximum speed -~

L@ Pale Ink release Erratic jetting

- directions

0 - Cryptic/disruptive 1 - Deimatic 1 - Avoidance swim 2 - Escape jet 3 - Protean escape

Primary defense Secondary defense —

Recently shown in lab experiment on squid evading predatory fish

Light and dark banding ';;’W"e‘_’g' alarm response
or all-over tan - avolgance swimming

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



Animals with no memory of trauma
did not avoid dangeri and died

Survival at 30 minutes

E o 100-
Flight initiation distance
201
L s sousen srowssac s s &
o 75 -
%15- N N
S 4 Cost of injury
£10 < 50-
9 L
2 | | 7 Benefit of
Z5- P nociceptive
25 - sensitization
0
¥ HA o 1116120 | 12116

U UA

Injured (1) squid not anaesthetized when injured more vigilant,
and had better survival, than those anaesthetized when injured (I1A)



Memory of predator-induced fear
and the animal model of PTSD

The event results in a memory that is so intense... it generates a
series of adaptations, including hypervigilance
(Daskalakis, Yehuda & Diamond 2013 Psychoneuroendocrinology 38:1895)



Memory of predator-induced fear
and the animal model of PTSD

The event results in a memory that is so intense... it generates a
series of adaptations, including hypervigilance
(Daskalakis, Yehuda & Diamond 2013 Psychoneuroendocrinology 38:1895)

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)



Memory of predator-induced fear
and the animal model of PTSD

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

in the brains of wild animals?

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)



Long-lasting predator-induced fear
effects in the brains of wild animals?

Nuthatch Sparrow Hawk Owl
Non-predator Predator
Playbacks for 48 hours

Tested how O6sound of fear ©6 affect e

All experiments to date demonstrating predator-induced fear
effects on birth and survival in wildlife i done on birds



Fear is something we can
measure In the brain

Amygdal a i s the o0fear <cen
activated by fearful stimuli, lesioning makes one fearless



Amygdala and hippocampus
brain regions associated with PTSD

Amygdala Volume in Combat-Exposed Veterans
With and Without Posttraumatic Stress Disorder

[ Amygdala

A Cross-sectional Study

Janice R. Kuo, PhD; Danny G. Kaloupek, PhD; Steven H. Woodward, PhD

(2012, Arch Gen Psychiatry 69:1080)

Amygdala Volume Changes in Posttraumatic Stress
Disorder in a Large Case-Controlled Veterans Group

Rajendra A. Morey, MD, MS; Andrea L. Gold, MS; Kevin S. LaBar, PhD; Shannon K. Beall, BS; Vanessa M. Brown, BA;
Courtney C. Haswell, MS; Jessica D. Nasser, BA; H. Ryan Wagner, PhD; Gregory McCarthy, PhD;
for the Mid-Atlantic MIRECC Workgroup

(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

Prefrontal cortex

(Bird brain = Caudal nidopallium)

Decision-making

Hippocampus

(Bird brain = same)

Amygdala
(Bird brain = Nucleus taeniae MemOry

f th .
e PR formation
Fear center

Third brain region, prefrontal cortex, also associated with PTSD
along with the amygdala and hippocampus



Measured transcription factor
ad-osBknown to affect behaviour

FosB gene
A | W— —Y

o . AFosB
transcription

A7 INSE
ON ON__ ON__ OFF ON
X e e e 5
¥ ¥ ¥ ¥
Q o) o) o)
protein A protein B protein C protein E

Regulates gene expression

Transcription factors regulate the activity of multiple genes
ad~osB known to increase reward-seeking and addiction



Speci al prrkogBer t
persistent and induced incrementally

FosB c-Fos
. AFDS . Other Fos family
Induced In .
proteins

small amounts

per event
and persists Stable AFosB

t
Event Time (hours)

Rather than being induced in large amounts and degrading rapidly

ad-0sB is induced in small amounts and persists



Speci al prrkogBer t
chronic induction and lasting effects

AFOSB Accumulating
induced by persisting AFosB
repeated
events

persists and
accumulates

ad-0sB 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?



