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Molecular time travel

 Molecular tools for estimating:
— long term population sizes (deep time)

— minimum abundance during recent whaling
bottlenecks (last 200 years)

— Population dynamic changes in the future
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* Focus: humpback whales, blue whales, minke
whales and southern right whales



Baleen whales and the Southern
Ocean: a long history
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Zachos et al. 2008 Fig 2.
Nature, 451, 279-283

Deméré et al. (2008) Syst Biol 57, 15-37, Fig 1
Marx and Uhen (2010) Science 327, 993-996, Fig 1




Genetic diversity relates to long-term
abundance

Genetic lineages through time

Diversity © measures the genetic
distance among individuals in the
population. Large © = large
historical abundance © = 4Nep

* Nucleotide diversity
(accounting for population
subdivision)

e Genetic substitution rate

* Generation times
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o © =0.0071, u = 4.54x101° bp / year
Number of individuals (1000's) generation time= 17.65 years

Ruegg et al. Mol Ecol (2010) 19, 281-291



Population changes through time

 Molecular estimates of diversity can also
contain signals of rapid past population change

Segregated from northern
ocean diversity

~2,800 mitochondrial DNA
control region sequences
KU =5.2% per million years
Generation time 21.5 yr
MIGRATE Bayesian analysis

Molecular ‘skyline’” of Southern Hemisphere humpback ©
diversity through time
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20t century kills of Southern Ocean-
associated baleen whales

e Antarctic blue?® 346,000
* Pygmy blue? 13,000 =, = 25
.+ Sei® 208,000 | T

* Fin® 723,000 |
e Humpback ¢ 220,000
e Southern right ¢ >5,000
* Minke 2 117,000

aBranch et al. IWC SC/60/SH9, °Clapham and Baker 2001, cAllison IWC catch database, 4IWC
Comprehensive assessment of southern right whales, ¢IWC special permit catches 2001-2012



19t century baleen whale kills
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Genetics can aid population
assessments of baleen whales

* Tool for individual ID, also sex specific

abundance estimates

e Population mixing (i.e. assignment)

Haplotype diversity relates to minimum
oottleneck size (i.e. number of maternal

NEERES



Population dynamics models are used to
understand how whale abundance has changed
in response to whaling

Logistic population models (HITTER
and FITTER)

Current abundance

Trend in abundance

Catch history

Minimum bottleneck abundance
Population sub-structure
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Population model finds the initial

= ; (pre-exploitation) abundance value

1770 1790 1810 1830 1850 137:)(ea:ago 1910 1930 1950 1970 1990 that mOSt Closely lﬁtsl the eSt|mated
trend and current abundance

Baker and Clapham 2004, from IWC 2001 Comprehensive
assessment of southern right whales Assumes static ca rrying ca pacity

through time
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N .., derived from mitochondrial lineages
( “haplotypes’ )
Number of haplotypes in current
population = minimum number of

mothers that must have passed
through the bottleneck

4 x haplotypes (mothers) = N _. lower bound
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Estimating bottleneck size

2. Population sample
(sequence length,

4 sample size)

3. Haplotype frequency
distribution at the bottleneck

Fit to discovery curve
4. Haplotype loss since bottleneck
5. Males and immature animals frequency '
N .
haplotype
' 0000
1. Genetic sample JOUKK
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Southern right and Antarctic blue
whales: less bottlenecked?

Haplotyes = 38 -> Nmin = 524 Haplotyes = 26 -> Nmin = 214

= ‘Likely r scenario with base case catch series
~" Upper and lower 95% Cls (base case)

95% probability range Nmin(c) for 68 present-day haplotypes
== Median Nmin(c) for 68 present-day haplotypes A
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Southern right whales: IWC et al. (2001), Jackson etal. ~ Branch (2008) IWC SC/60/SH7, Branch and Jackson
(2008) Mol Ecol 17, 236-251. Jackson et al. (2009) Mol (2008) IWC SC/60/SH10.... But see Sremba et al. 2012
Ecol 18, 4134-4135. PL0S One 7(3) e32579 as haplotypes = 52



Into the future: changing carrying
capacity in the Southern Ocean?
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Density change per decade
- Over twefold decrease

[:] Up to twofold decrease
El Nifio 152
l:] Less than 5% change B Niflo 3
[:] Up to twofold increase i ‘ EINifo 3.4
e - F3- - El Nifio 4
- Over twofold increase

95% significance
9% significance

Atkinsonetal. ®»
2004 Natu re o J;J;')tm‘
43 2 . 100- 103 Figure 2. Correlation between deviation from expected calf

output snd lagged, me e-May, El Nido SST
anomalies, calving years 1971-2000.
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Genetics to monitor future change

Genetic ‘baselines’ for large baleen whales
complete or under way: humpbacks, blues,
southern rights, minkes, fins

Population genomic markers: rapid evolution,
detection of change in population abundance and
connectivity over time, e.g. mark recapture, mixed
stock analysis

Biopsy samples have multiple downstream uses,

e.g. prey isotopes, pollutant measures, pathogen
loads
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