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How animals deal with temperature
Muscle anatomy and physiology

Why it’s important to integrate thermal biology, muscle
physiology, and biomechanics in the study of bat flight



Dromedary camel







Temperature affects performance

Zach Covey &
@ @ZachCoveyTV
BREAKING | I'm issuing an IGUANA WATCH for all of
central & south Florida. An Iguana Watch means

temps below 40 degrees are likely for several hours
leading to lethargic Iguanas.

Impacts may include falling Iguanas from trees, which
can cause damage to property and people. #FLwx

IGUANA WATCH IN EFFECT
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A Brrrrr! Much Colder For Christmas

Georgia

.

Pictured: chance for below
normal temperatures over
the next 6 to 10 days.
Sour- _. unimate Prediction
Center

J’ yFalling Iguanas
,e;fﬁ are possible!

nnny National Weather Service
Miami/South Flori2a

Below Normal Temps Likely

What We Know:

* Much colderair arrives
Christmas Day and lingers
into the weekend.

» High confidence inmuch
below normal temperatures.

Unanswered
Questions:

+ Exactly how coldit will get,
although temperatures in the
30s are possible forinland
areas Christmas night.

Miami ﬂ What You Can Do:

+ Keep up w/forecast changes.

* Have a plan to protect
sensitive vegetation.

December 21,2020 12:11PMET




Performance

Thermal performance curves

Thermal optimum

Too cold to
function

Too hotto
function

Operating temperatures

Photo: Nelli Parhomenko



Performance is optimal at an animal’s preferred
temperature

Thermal optimum

\ Animals adopt various

& strategies to adjust body

temperature along these
curves

Performance

Thermoregulation

Operating temperatures




Body temp. maintained via Body temp. depends on
Internal heat production environmental temp

Endotherms Heterothermy Ectotherms







Regional heterothermy

Differences in body
temperature across body
regions

Warm ambient temperature



Regional heterothermy

Differences in body
temperature across body
regions

Cool ambient temperature

: Extrem|t|e§ coolowhl.le
core temp is maintained



Performance

Everybody feels the effects of temperature

.

Thermoregulation buffers
temperature effects to
some extent

Operating temperatures



Muscle anatomy and physiology



What'’s going on inside skeletal muscle?

Adapted from Dave Carlson



Myosin and actin pull against each
other during muscle contraction
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35°C

Muscles are extremely temperature sensitive

cold muscles

slow movements

Anderson and Deban 2010



Many animals compensate for muscle temperature
effects via biomechanics, morphology, or behavior

Adaptation in muscle temperature sensitivity
Is less common...



Muscle lever

How do we study muscle l
properties?

|Isolated muscle preparations
measure force production and
velocity in small muscles

Muscle

Electrodes



Muscle function changes with temperature
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Establishing a thermal performance curve

Shortening velocity (lengths « s™')
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Establishing a thermal performance curve

Velocity

Temperature

Rummel, et al. JEB 2018



How do we quantify the effect of temperature?

)
(RZ ) 1,=1;
Qi =
\ R
fR, =R,, Qo =1

Q.. =1 means temperature independence

Typical Q,,’s for biological processes are
between 2 and 3



How do we quantify the effect of temperature?

Linear plot
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Semi-log plot

Qio=1

Q1o=2

Q10=3

Steeper slope

More temperature
sensitive

Temperature (°C)
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Bat muscle temperature sensitivity
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Temperature, °C Rummel, et al. Proc. B. 2021



Bat forearm muscles are less temperature sensitive than
typical mammalian muscles
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Integrating these principles e N
with biomechanics in the v 4
study of bat flight oo



Bats are high performance locomotors
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Many joints under
neuromuscular control



Forearm flexors and
extensors

Noctilio leporinus




Flight muscles are poorly insulated

Elbow

Carollia perspicillata Golden-mantled ground squirrel



Flight muscles cool via multiple avenues of heat
loss during flight

\ Radiation to
the night sky

Convection

Locomotion
generates
heat.

Desmodus rotundus




Wing muscles must contract and relax in synchrony

Really fésl— 10 times per second
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How do we integrate kinematics, physiology, and
environment?

Wind tunnel

controlled lab environment:

[ /"/

et ’
TET | (i —= Fine scale measurements of
(16 A I movement and physiology




How do we integrate kinematics, physiology, and
environment?

ngh speed V|deo






Measuring wing movements using DLTdv8
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Hedrick Lab: https://biomech.web.unc.edu/dltdv/



Elbow angle (°) Wrist displacement (m)

Wrist angle (°)

Extracting information about the wingbeat
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Combining kinematics with other
measurements

1. The relationship between wing/joint
movements and muscle activity
(electromyography)



Muscle contraction — three types

Muscle
contracts
(concentric
contraction)

Shortening contraction
went joint angle
decreases when
muscle is active




Muscle contraction — three types

Lengthening
contraction when joint
angle increases when

muscle Is active

Muscle
elongates
(eccentric
contraction)




Muscle contraction — three types
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Isometric contraction —
no length change

Muscle
contracts
(isometric
contraction)




Forearm

Pectoralis

Electromyography tells
us when muscles are
active: we can correlate
muscle activity with
kinematics to understand
muscle function
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Combining wind tunnel kinematics with
other measurements

1. The relationship between joint movements
and muscle activity (electromyography)

2. Therelationship between flight activity and
muscle temperature, i.e. quantify regional
heterothermy



Forearm

Pectoralis

Bats instrumented with
temperature sensors that
measure muscle
temperature



Measuring regional heterothermy in the lab
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Muscle temperature, °C

During flight, wing muscle temperature falls
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Combining kinematics with muscle activity, physiology,
and temperature measurements is a powerful approach

WAV AL

Timing of wingbeat cycle and muscle activity from kinematics & EMG
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Take-home messages

Regulating temperature across time and body region is critically
important for most animals

The locomotor system is extremely temperature sensitive

Integrating measurements of body temperature, muscle physiology,
and biomechanics can help us understand the capacity for
performance



Thank you for listening!













Combining kinematics with muscle activity,
physiology, and temperature measurements

Low temp
sensitivity

Typicaltemp
sensitivity



Downstroke begins 50%

75%

Downstroke Upstroke

0  Upstroke begins






Measuring regional heterothermy in the field

Field experiments



Ike a tent or corridor

losed space |
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Fly bats
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