Soclal Structure and

Genetic

Relatedness of Sperm Whales
In the Gulf of Mexico

Joel Ortega-Ortiz and Bruce Mate

Oregon State University

Dan Engelhaupt and Rus |

University of Durham

oelzel



Social Structure

Interactions between individuals are the basic
element of soclal structure.

Relationships between individuals are
determined by content, quality, and temporal
pattern of interactions between them.

Soclal structure of a population Is determined
by content, quality, and temporal pattern of
relationships between individuals.




Studying Social Structure
of Sperm Whales

Interactions between sperm whales are
difficult to observe due to their habitat
preferences (deep water usually away from
shore), as well as their diving and movement

patterns.

Previous analyses in other regions are
pased on associations.




What Is an “Association” ?

“Identification of pairs of known
Individuals In circumstances Iin which

Interaction between them is likely to
occur.”

(Whitehead & Arnbom 1987)



Assoclation of Sperm Whales

Individual sperm whales are identified
through natural marks on their flukes
(photo-ID)

Two individuals are considered
assoclated If they were photo-identified
together.

Can we use S-tag data to determine
associlations between individuals?



Distance Between Whales
Tagged in 2002

Day 212: 6 individuals, 15 dyads
Minimum distance = 5km Max. dist. = 900 km
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Criteria to Define Assoclation: Time
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Criteria to Define Assoclation:
Distance

Time between locations:
1 hour
~—+  25hours

—+— 3.5 hours
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Assoclation Criterion

Only “contemporary” transmissions (I.e.
transmissions within 2.5 hours of each other)
were used for association analysis.

Two whales were considered associated! If
the distance between their contemporary.
transmissions was < 8.3 km.



Data Set Description

Location data from 51 sperm whales tagged on
SWSS cruises: 2002 (18), 2002 (15), 2003 (6),
2005 (12)

1688 satellite-determined, contemporary locations
Contemporary locations grouped by day
295 days with 2 or more contemporary locations

Only one pair of locations for each pair of whales
retained per day (dyad-event)

3642 dyad-events (distance estimations)

402 association events (11% of all dyad-events)



Analysis of Social Structure

» Simple-ratio association index
(Cairns & Schwager 1987. Animal Behaviour 35: 1454—1469)
» Coefficient of association (CoA) estimated
for all pairs of individuals tagged within the
same year

» Only Iindividuals with >10 dyad-events
iIncluded in analyses

* Not enough location data for whales tagged
in 2004



Genetic Analysis
(Engelhaupt 2004)

Skin samples collected from 41 out of 51
tagged whales

13 polymorphic microsatellites from the bi-
parentally inherited nuclear DNA

399 base-pair seqguence of the maternally
iInherited mitochondrial DNA control region

Sex-linked markers to determine sex

Pairwise relatedness statistic Rq; (Slatkin 1995;
Goodman 1997)



Sociogram for Whales Tagged in 2002
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Comparison of Genetics and Social

Structure for Whales Tagged in 2002

Coefficient of Association

Genetic Relatedness
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Comparison of Genetics and Social
Structure for Whales Tagged in 2003

Coefficient of Association Genetic Relatedness
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Comparison of Genetics and Social
Structure for Whales Tagged in 2005

Coefficient of Association Genetic Relatedness
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Comparison of Genetics
and Social Structure

2002
2002 Females only 2003 2005
12 7 11 9
n F=7 F=17 F=10 F=9
M=5 M=0 M=1 M=0
Matrices
Correlation 0.0899 0.1380 0.2482 0.6245
Mantel Z -0.0462 -0.0383 0.2799 0.3938
t 0.7670 0.5894 1.8190 3.7014
p (t) 0.7783 0.7222 0.9656* 0.9998*
Permutations
from SocProg 0.7781 0.7181 0.9460 0.9976*
and
MatrixTester 0.7737 0.6980 0.9475 0.9979*




Temporal Variation of Association

—— Observed MODEL
—— Rapid dis. + const. comp. al
—— Casual acqts. exp(-al*td)
—— Rapid dis. + casual acqts a2*exp(-al*td)
—— Const.comp. + casual acqts a2+(1l-a2)*exp(-al*td)
0.55+ Rapid dis. + const. comp. + casual acqts a2+a3*exp(-al*td)
Two levels of casual acqts. a3*exp(-al*td)+(1-a3)*exp(-a2*td)
Rapid dis. + two levels of casual acqts.  a3*exp(-al*td)+ad*exp(-a2*td)
0.5~ o
=
©
| -
(- - ]
15 0.45 \
ke
(&)
@) 04+ _
9]
9]
© /\_/\/\
D o035 7== — e .
D) A
(@)}
@©
-l
0.3~ _
0.25 - o
0.2 \ \ |
0 100 120 140

Lag (Day)



Genetic Relatedness Among
All Tagged Whales
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Genetic Relatedness Among
All Tagged Whales

370580
3705654 9505645505725
3705726 2505648

3705648
3700847
O O

3705644 O O 2505650

3701386 O O 2505726

O
3700846 2505685

3700836 ()
2505660
2800827 2505669

2805678 2505701

() 2505670

2505709

2801385 O 2505719

2800828 2800843
2805720 2800829

280571931 0820800828800833




Association of S-

Tagged Whales

at Two Time Intervals

Deployment + days 46 — 84
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Summary

S-tag data usable for social structure analysis

Good temporal and spatial coverage but limited to tagged
iIndividuals

S-tag data may not reflect short-term social structures
(“clusters™ and “aggregations”) but identify long-term
“social units”

Long term (months) associations between females
No significant long term association between males

Variability in genetic relatedness between members of
social units

Social structure of tagged whales coincides with
observations in other areas (Galapagos)
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