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Housekeeping

Okanagan Campus

e Nothing from me.
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Review

Okanagan Campus

Last lecture we covered how environmental change opens up niche
space.

If the changes are predictable in space and/or time, species can
specialise on this change, and this can happen over evolutionary or
ecological timescales.

We focused primarily on ecological timescales (migration in
particular). Behavioural adaptations to change are immediately
accessible and can provide a boost to fitness, but they're not

necessarily efficient and can be refined over evolutionary timescales.
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Okanagan Campus

In the Pacific Ocean, blue whales
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Cultural transmission

Okanagan Campus
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N aVigation Okanagan Campus

ARCTIC GlRey g

A Birds migrate over substantial
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; prepniorel \ Missing a target destination can
\ L be energetically costly and leave
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\ }ﬂ':.!:m;m/// the population (reproductive
g costs).

source: Animal Navigation
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NaVigation Cont. Okanagan Campus

Over evolutionary timescales they

have evolved mechanisms for

detecting local changes in the

earth's magnetic field to orient
themselves and making their
migrations more efficient (faster,
further, more efficient routes).

(Wiltschko & Wiltschko, 1988)
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Cl‘yptOChrome 4 Okanagan Campus

Cryptochrome 4 is a protein
located in the retinas of the birds.

Xu et al. (2021) found that
cryptochrome 4 (CRY4) from the
night-migratory European robin
(Erithacus rubecula) is
magnetically sensitive in vitro,
and more so than CRY4 from

non-migratory chickens (G.
gallus) and pigeons (C. livia).
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Okanagan Campus

In general, adaptations that increase R—J’ should be favoured by

selection (faster, further, more efficient, etc...).
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Southwood (1977)

Okanagan Campus

What about 77
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Southwood (1977)

Okanagan Campus

What about 77 Hasn't been studied yet...
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In situ adaptations
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Okanagan Campus

Migration leverages species’ vagility (R,,) to overcome local
unfavourability by moving somewhere with better conditions.
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In situ adaptations
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Okanagan Campus

When lifespans (7) permit, species can also evolve adaptations
that allow them to ‘ride out’ unfavourable period(s) in situ.
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In Situ adaptations Okanagan Campus

Behaviour can enable species to cope in situ to some degree...

Burrowing Food caching

(o

Source: plunketts.net

Source: slate.com !
Source: www.newyorkupstate.com

... but is unlikely to be efficient without evolutionary adaptations.

e Fat storage e Strong forelimbs e Memory
e Dormancy e Claws/Teeth e Food pouches
e Cope with anoxia e Dormancy
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Env. Change and Niche Space cont.

Okanagan Campus

Dormancy is a period in an organism’s life cycle when growth,
development, and physical activity are temporarily stopped.

Dormancy can take many forms:

e Torpor

Hibernation

Aestivation

Diapause

e etc...

The general idea is that biological activity is put on pause so that
energy can be conserved during times of scarcity.
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Pred. vs. cons. dormancy
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Okanagan Campus

Organisms can synchronise entry into dormant phases with target
environmental conditions through predictive or consequential

means.

Predictive

Predictive dormancy occurs when
organisms enter dormancy before
the onset of adverse conditions
(e.g., plants using photoperiod
and decreasing temperature to
predict the onset of winter).

Biol 417: Evolutionary Ecology

Consequential

Consequential dormancy occurs
when organisms enter dormancy
after adverse conditions have
arisen (typically occurs in
unpredictable habitats).
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Okanagan Campus

Torpor is a state of decreased physiological activity, usually
accompanied by reduced body temperature (5-35 °C) and
metabolic rate (50 - 95%).

The evolution of torpor likely accompanied the development of
homeothermy. Homeothermy allows animals to remain active in
locations where other species can not, but comes with a high
energetic cost. Torpor gives species control over the extent to
which homeostasis is maintained (Geiser et al., 2017; Geiser, 2020).

Flexible and can be switched on and off as needed and is primarily
consequential.

Biol 417: Evolutionary Ecology 23



THE UNIVERSITY OF BRITISH COLUMBIA

European badgers

Okanagan Campus

Kowalczyk et al. (2003)

1607 = 536694702 207 = 62652-5.400X,
=0.72,11= 15, P< 00005 081,11 13, P < 00005

European badgers (Meles meles)
exhibit flexible torpor that

Length of winterinactivy (days)

depends on winter severity (e.g.,

.
% 20 - 0 1 2 % 2 -0 0 1 2
Mean tamperature of January (°C)

0 days in Spain vs. 180 days in

Russia).

o Tied to earthworm abundance

6 % 0 10 20
Length of winter inactiviy (days)

Kowalczyk et al. (2003) rather than cold per se.
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European badgers cont. Okanagan Campus

Noonan et al. (2014) studied the
onset of torpor in a population of
badgers in the U.K.

Under conditions where energy
gains are likely (mild + humid),
badgers are more active.

Under conditions where energy
loses are likely (cold + dry),
badgers are less active.

Under energetically challenging
conditions, fat badgers are less

active than thin badgers (can

enter torpor and hold out).
Biol 417: Evolutionary Ecology 25
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Hiberl’lation Okanagan Campus

Like torpor, hibernation is a state of decreased physiological
activity accompanied by reduced body temperature (below 0°C in
arctic ground squirrels) and metabolic rate.

Torpor and hibernation likely form a continuum that rely on similar
mechanisms (Geiser et al., 2017; Geiser, 2020).

Generally inflexible, typically tied to seasonal changes in

environmental conditions, and is primarily, but not necessarily,
predictive (we will come back to this later in the course).
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Hiberl’lation COI’lt. Okanagan Campus

Seasonal hibernation typically

#1 ] occurs in the Autumn-Spring
8 2 period, but can be tied to any
Ew- season (depending on the
£ ] species’ needs).
2
A hibernation season lasting for

more than 6 months is most

Winter :I

Spring :|

common (Geiser, 2020).

o (4]
All year
Summer-Spring
Autumn-Summer

Autumn-Winter j

Winter- Spring

Autumn-Spring

Mostly occurs in sciurid rodents
Hibernation Season

Geiser (2020) like ground squirrels, chipmunks
and marmots (Geiser, 2020).
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Aestivation

Okanagan Campus

Aestivation is a state of dormancy that is entered in response to
high temperatures and arid conditions with an ultimate goal of
conserve energy and retaining water.

Unlike torpor and hibernation aestivation is a“light” state of
dormancy that can be rapidly reversed.

Aestivation is not restricted to homeotherms and the physiological
processes is nearly identical to hibernation (Storey & Storey, 2012).

Very flexible and can be switched on and off as needed and is
primarily consequential.
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Inland Crab Okanagan Campus

Northern Australia is
characterised by wet and dry

seasons.

During the dry seasons, rivers are
broken up into a series of
disconnected waterholes and
riverine species need to cope with

these conditions.

The inland crab (Austrothelphusa
transversa) retreats into burrow
and aestivates until rivers flow
Waitham (2016)  again (Waltham, 2016).
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Abscission and dormancy

Okanagan Campus

Plants have to cope with changing
conditions in situ.

The leaves of deciduous trees are costly
to maintain and would result in a net
energetic loss if kept during cold,
low-light periods, or hot dry periods.

Leaf loss allows plant to optimise their

energetic balance (also reduces wind

Source: http’:“//skierbob. resistance in Wlnter)'

Inflexible and governed by physiological mechanisms that are tied
to seasonal change (e.g., light levels and chlorophyll
concentrations). Very much predictive.
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Take home messages

Okanagan Campus

Behavioural adaptations to change are immediately accessible, but
are not necessarily efficient on their own.

If the changes are predictable, natural selection can produce
adaptations that allow species to specialise on this change.

Entering a state of dormancy (reduced metabolic activity) to
conserve energy and ‘ride out’ unfavourable periods is common
adaptation that is seen across all taxa.

Dormancy on its own is useful, but can be refined when paired
with other adaptations, more on this next lecture...

Biol 417: Evolutionary Ecology 31



References

Abrahms, B., Hazen, E.L., Aikens, E.O., Savoca, M.S., Goldbogen, J.A.,
Bograd, S.J., Jacox, M.G., Irvine, L.M., Palacios, D.M. & Mate, B.R.
(2019). Memory and resource tracking drive blue whale migrations.
Proceedings of the National Academy of Sciences, 116, 5582-5587.

Geiser, F. (2020). Seasonal expression of avian and mammalian daily torpor
and hibernation: not a simple summer-winter affair. Frontiers in Physiology,
11, 436.

Geiser, F., Stawski, C., Wacker, C.B. & Nowack, J. (2017). Phoenix from the
ashes: fire, torpor, and the evolution of mammalian endothermy. Frontiers in
physiology, 8, 842.

Jesmer, B.R., Merkle, J.A., Goheen, J.R., Aikens, E.O., Beck, J.L.,
Courtemanch, A.B., Hurley, M.A., McWhirter, D.E., Miyasaki, H.M.,
Monteith, K.L. et al. (2018). Is ungulate migration culturally transmitted?

evidence of social learning from translocated animals. Science, 361,
1023-1025.

Biol 417: Evolutionary Ecology 32



Kowalczyk, R., Jedrzejewska, B. & Zalewski, A. (2003). Annual and circadian
activity patterns of badgers (Meles meles) in Biatowieza Primeval Forest
(eastern Poland) compared with other Palaearctic populations. Journal of
Biogeography, 30, 463-472.

Mueller, T., O'Hara, R.B., Converse, S.J., Urbanek, R.P. & Fagan, W.F.
(2013). Social learning of migratory performance. Science, 341, 999-1002.

Noonan, M.J., Markham, A., Newman, C., Trigoni, N., Buesching, C.D.,
Ellwood, S.A. & Macdonald, D.W. (2014). Climate and the individual:
inter-annual variation in the autumnal activity of the European badger
(Meles meles). PLoS ONE, 9, e83156.

Southwood, T.R. (1977). Habitat, the templet for ecological strategies?
Journal of Animal Ecology, 46, 337-365.

Storey, K.B. & Storey, J.M. (2012). Aestivation: signaling and
hypometabolism. Journal of Experimental Biology, 215, 1425-1433.

Waltham, N.J. (2016). Unravelling life history of the inland freshwater crab
austrothelphusa transversa in seasonal tropical river catchments. Australian
Zoologist, 38, 217-222.

Wiltschko, W. & Wiltschko, R. (1988). Magnetic Orientation in Birds, Springer
US, Boston, MA, pp. 67-121.

Biol 417: Evolutionary Ecology 33]



Xu, J., Jarocha, L.E., Zollitsch, T., Konowalczyk, M., Henbest, K.B., Richert,
S., Golesworthy, M.J., Schmidt, J., Déjean, V., Sowood, D.J. et al. (2021).
Magnetic sensitivity of cryptochrome 4 from a migratory songbird. Nature,
594, 535-540.

Biol 417: Evolutionary Ecology

34



	Housekeeping & Review
	Migration
	In situ adaptations
	Dormancy
	References

