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Timeframe of study

Snap shot:

An explanation of the current
form of a behavior in terms of
present-day

Story:

An explanation of the current
form of the behavior in terms of
a sequence

potentially measurable in current

immediate factors, relevant and
time.

Proximate (how):
An explanation in terms of

(a.k.a. causation)

Causal explanationsin terms
of what the behavior isand
how the behavior is
constructed. These
explanations caninclude
physical morphology,
molecular mechanisms or
other underlying biological

factors , -
Aristotle: efficient cause

(a.k.a. development)

Developmental explanations
for sequential changes across
the lifespan of an individual.
Often these explanations are
concerned with the degree to
which the behavior canbe
changed throughlearning.

Aristotle: material cause
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An explanation in terms of the
process and forces of evolution.

Ultimate (why)

Adaptive Value

(a.k.a. function
or survival value)

Functional explanations
regarding the utility of the
current form of the behavior
with regard to increasing an
organisms lifetime
reproductive success.

Aristotle: final cause

(a.k.a. evolution)

Evolutionary explanations that
describe the history of the
behavior, such as which
ancestor firstpossessed this
trait, what was the antecedent
to this behavior,and what
selective pressures in the past

have shaped this behavior.
Aristotle: formal cause




Type of Determinant

cause origin

Dynamic Controll| Ontogenetic
Development

N Wit
Jack Hailma
1976

Individual

Adaptive Phylogenetic
Function Origin

Population




Time of Determinant

Immediate Cause| Antecedent Origin

Control Ontogeny

N Wit
Jack Hailma
1977

Individual

Preservation Phylogeny

Population







What is the influence of all past events
irrespective of timeframe (a dynamic
interpretation of history)

Genesis _ , , , N
Evolutionary  Relates past action of natural selection & drift (origin & pathway)

— Cultural Cross generational, non-genetic transmission

Developmental Includes genetic factorsand environmental factors

External both biotic and abiotic
Control Internal physiology and endocrinology
short term
regulation

Organism behavior changes the organism itself
Consequences  Environment behavior alters biotic and abiotic (social would go here)

_ Differential reproduction inclusive fithess (both direct and indirect)

the full range of effects that are
contingent on behavior

Proposed structure for the problems addressed in the study of Animal Behavior (Dewsbury 1992)




This allows one to drop the proximate ultimate dichotomy (how? and why? Are of little help)

3 main headings need to be addressed; Genesis, Control, & Consequences.

Genesis: What s the influence of past events (all relevant past events irrespective of timeframe)? This question
represents a dynamic interpretation of history on three different timescales.

Evolution: This timescale relates past action of natural selection to other processes that influence gene
frequency (such as drift which Tinbergen sort of ignored). It encompasses both the origin and the
evolutionary pathway

Culture: This timescale covers cross generational, non-genetic transmission beyond culture you could talk
about extended phenotypes, like a termite mound, maternal effects, epigenetic effects. It is basically one
form of ontogeny but draws specific attention to the fact that the influence need not be within a single
lifetime.

Development: This timescale begins with conception and includes genetic factors as well as environmental
factor. The emphasis is on the dynamic nature.

Control: This is shortterm regulation of behavior. Thereis no set boundary between short term effects and
development they sort of blend together. There are both external (outside the skin: including other animals as well
as abiotic environment) and internal (physiology & endocrinology) factors in Control of behavior.

Consequences: This heading covers the full range of effects that are contingent on behavior or produced by
behavior. This includes effects multiple levels.
consequences for the organism: A behavior hasresults on the organismitself. Even simply collecting
information changes the internal state of the organism.
consequences for the environment: The extended phenotype, both abiotic and social are how the behavior
changes the animal’s surroundings.
consequences for differential reproduction : These also cover inclusive fitness (fitness of relatives that share
genes) These consequences dictate how the behavior feeds back to influence future evolutionary change.

By dropping the proximatevs. ultimate dichotomy one escapes the implication that consequences of behaviors are
somehow causal to the event or behavior under study. This makes it clear that the consequences are a significant
influence for FUTURE events. Consequences cannot be causal of the contemporaneous event.

In this scheme, evolution and adaptive value are clearly differentiated rather than being lumped as “ultimate.

All headings are valued equally and necessary for a complete understanding of the behavior under study.



Genesis
Evolutionary Phylogeny

)  Cuitural ]_ Ontogeny

Developmental

External ,
Mechanism
Control Internal

Organism ]_ Ontogeny

Consequences  Environment

— Differential reproduction Adaptive value

Proposed structure for the problems addressed in the study of Animal Behavior (Dewsbury 1992)




Genomic Basis of Eusociality

L Exoneura robusta

— Bombus impatiens

e Bombus terrestris

—— Frieseomelitta varia

e Melipona quadrifasciata

— Apis florea

Apis mellifera

— Eulaema nigrita

Euglossa cordata

Megachile rotundata

Primitively Eusocial

Mighty Eusoclal

Small colones (10-100s)

Annual colony cycle

Less specalized queen and worker
castes

Nutribonal influence on caste
Dominance hverarchies

Diverse exocrine gland functions

Large colonies (1,000s-10,000s)
Perennal colony cycle

Highly specialized queen and worker
casles

Long queen lfespan (10X worker
Iifespan)

Nutritional influence on caste
Year-round nest thermoregulation
Diverse exocring gland functions

Communal (individuals share a nest)
or solitary

Annual life cycle

All individuals reproductive
Females only provide care for their
own offspring

“to understand the genetic changesinvolved in the
evolution of eusociality... we examined patterns of
molecular evolution across three independent
origins of eusociality ... and found found a shared
set of 212 genes with a molecular signature of

accelerated evolution...

All
Eusocial

« Signal Transduction
« Gland Development

+ Macromolecular
Complex
Assembly

« Transcription

Metabolism
« Phosphoarylation
« General Metabolic
Processes
« Acid Metabolism

+ Biosynthesis
+ Chromatin-related
* Neuron Differentiation
« Nitrogen Compound Metabolism
+ Growth and Development
* Response to Stimulus

Primitively
Eusocial

Highly
Eusocial

@tarch and sucrose metabolism a-D-Glucose-1P

a-D-Glucose
@ GB1938

GB17920]
GB12304
GB13086|

p-D-Glucose

() B-D-Fructose-6P
GB17912|

()p-D-Fructose-1, 6P2

GB19460
GB15463

Glycerone-P

. = rapidly evolving in highly eusocial

. = rapidly evolving in primitively eusocial

= rapidly evolving in all eusocial

I:l = not evolving differently

D =not in dataset

Oxaloacetate
GB161

L Phophoenol-
pyruvate

GB19366) ThPP

)

GB10644| J
2-Hydroxy-
AcetylCoA |GB18953) eth)x-ThP)t’? GB16219
GB30405| GB10779

GB16443
GB18293

GB11939
GB13882
GB15561
GB17148

Acetate

Woodard et al 2011 PNAS 108:7472-7477




Genetic Assimilation
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Genetic Assimilation of Behavior
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OPEN FIELD TEST

Time Spent in Corners (sec)

Total Activity (m)

180
160
140
120

100

R
(=)

(=]

50
45
40
35
30
25
20

O low maternal care
® high maternal care

I

Measure of st

30

0-5 5-10 10-15

TIME (min)

25

20

Control for general activity]

15

10

CORTICOSTERONE (ug/100 ml)

0-5 5-10 10-15

TIME (min)

ress / lack of exploration

RESPONSE TO RESTRAINT STRESS
IN ADULT OFFSPRING

'Rapid Cortisol increase
is the same

decrease in cortisol

0 30 120

TIME (min)

Restraint
Stress



Mother
high licking/grooming

High Maternal Care

Pup

Epigenetic regulation of gen

lncreased Demethylation ofexon
| . | 1 at 1l1Abinding site
N [ In Cortisol Receptor

High maternal care
low methyl/high express= low stress

Low maternal care
high methyl/low express = high stress

e expression occurs during a critical period

demethylation is the activated state by
good maternal care, default is to be methylated

Hippocampus
#

Increased expression a?gsggaer;g]us
of NGF1A Transcription
factor hippocampus / Sustained

CGGGGGCG l| | |’ increase in

expression
over life time
High adult Cort R
in Hippocampu
turns off the
stress respons

Hypothalamus(PVN)
> CRF

Pituitary (anterior)

> ACTH via blood
Adrenal Cortex

> Cortisol via blood

Michael Meaney

http://www.nature.com/neuro/journal/v7/n8/full/nn1276.html

rapidly



Integrating Tinbergen’ s 4 explanations:

chanism

gjewnlin

Ontogeny Evolution

Q
o
(g0]
E
X
@
(a




Integrating Tinbergen’ s 4 explanations:
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Adaptive
value




Integrating Tinbergen’ s 4 explanations:

Proximate
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Adaptive
value




CULTURE

MECHANISM oNToGENY

PROAIMAL

HERE + NOW SERIES 0OF EVENTS




Integrating Tinbergen’ s 4 explanations:

ADAPTIVE VALU




Integrating Tinbergen’ s 4 explanations:

ADAPTIVE VALU




4 Diagram




Integrating Tinbergen’ s 4 explanations:

Evolution

Adaptive

Value . .
E.T. (Emily Thornquist)




Timeframe of study

Snap shot:

An explanation of the current
form of a behavior in terms of
present-day

Story:

An explanation of the current
form of the behavior in terms of
a sequence

potentially measurable in current

immediate factors, relevant and
time.

Proximate (how):
An explanation in terms of

(a.k.a. causation)

Causal explanationsin terms
of what the behavior isand
how the behavior is
constructed. These
explanations caninclude
physical morphology,
molecular mechanisms or
other underlying biological

factors , -
Aristotle: efficient cause

(a.k.a. development)

Developmental explanations
for sequential changes across
the lifespan of an individual.
Often these explanations are
concerned with the degree to
which the behavior canbe
changed throughlearning.

Aristotle: material cause
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An explanation in terms of the
process and forces of evolution.

Ultimate (why)

Adaptive Value

(a.k.a. function)

Functional explanations
regarding the utility of the
current form of the behavior
with regard to increasing an
organisms lifetime
reproductive success.

Aristotle: final cause

(a.k.a. evolution)

Evolutionary explanations that
describe the history of the
behavior, such as which
ancestor firstpossessed this
trait, what was the antecedent
to this behavior,and what
selective pressures in the past

have shaped this behavior.
Aristotle: formal cause




Friday 4:10 September 14th B19
Dr. Derek Applewhite
“Understanding the requlation of the cytoskeleton.”




