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e Connecting to the Dynamic Energy Budget
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* Inferring climatic constraints
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What I1s a mechanistic niche model?
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What is a mechanistic niche model?

Correlative Model (process implicit)

Maxent model probability of occurrence

Probability densities 2o

Environmental Layers




Thermodynamic basis to the niche
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Thermodynamic basis to the niche

energy in =
energy out + energy stored

mass in =
mass out + mass stored




Thermodynamic basis to the niche

PsoLar /
p = heat flux + ‘JOZ,MET fe
J = mass flux Pir,in +
X = food + T
H = water NP
| = ingested JX,|: ‘\\\ J ," + 'JX,G + JX,R + 'JX,S+ JX,P
P = product (faeces)
U = urinated un  MET
G = growth S
R = reproduction Jeoz,MeT Pir out
S = stored + +
O, = oxygen Pconv

+
I+ Jnumer= Jyu +

J
CO, = carbon dioxide N.ME + )
N = nitrogenous waste |
MET = ‘metabolism’ i )
oot Jyot \JK

EVAP = evaporation

SOLAR = solar radiation - EVAP

IR = infrared radiation +

CONV = convection P

COND = conduction heat COND+

Kearney et al. Functional Ecology (2013) after Porter and Tracy (1983)
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The importance of temperature
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Thermodynamic basis to the niche

O
PsoLar z‘ﬁ
p = heat flux + JOZ,MET fe | n g

J = mass flux PR in +
X = food + ,O

\ ~—t
H = water NP - &/.
I=ingested \ .I ," + 'IXG + JXR + '/XS + '/XP 3 &
P = product (faeces) ' ' ' ’ ' OE' Wa /@r
Q

U = urinated

G = growth

R = reproduction

S = stored

0, = oxygen

CO, = carbon dioxide
N = nitrogenous waste
MET = ‘metabolism’
EVAP = evaporation

SOLAR = solar radiation \\‘"--"/EVAP

IR = infrared radiation +

CONV = convection PconD

COND = conduction heat +
CH,,0,+60,-> 6 CO,+6H,0 pe

Kearney et al. Functional Ecology (2013) after Porter and Tracy (1983)



Biophysical Ecology

THERMODYNAMIC EQUILIBRIA OF ANIMALS WITH ENVIRONMENT!
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Biophysical Ecology — Heat Budgets

(Heat) Energy Balance of a Lizard

Solar + Infra-red =
(gained) (gained)

Infra-red + Convection
(lost) (gained/lost)

Q, — ofT]+273]* —h [T, - T,] =0

/ infra—remadiation /
lost

: wind speed V,
infra-red and : - :
. organism size D air temperature
solar radiation VLE
gained _

DO.5



Biophysical Ecology — Heat Budgets

What would the body temperature be if ...?

Diameter = 0.015 m
Wind speed = 2.0 m/s
Air temperature = 20 °C
Radiation = 700 W/m2
T,=26°C

If we know the environmental conditions, we can find the body
temperature which satisfies the energy balance equation

V 0.5
DO.5

2.00.5
0.015%°

Q, —ofT, +273]" -3.49 [T, -T,]=0

700 — [T, +273]" —3.49 [T, —20]=0



Biophysical Ecology — Microclimates

air temperature layer

weather station



Biophysical Ecology — Microclimates
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Thermodynamic basis to the niche

O
PsoLar z‘ﬁ
p = heat flux + JOZ,MET fe | n g

J = mass flux PR in +
X = food + . /O

e \\\ ﬁ
H = water NP - @/.
I=ingested \ .I ," + 'IXG + JXR + '/XS + pr 3 &
P = product (faeces) ' ' ' ’ ' OE' Wa /@r
Q

U = urinated

G = growth

R = reproduction

S = stored

0, = oxygen

CO, = carbon dioxide
N = nitrogenous waste
MET = ‘metabolism’
EVAP = evaporation

SOLAR = solar radiation \\‘"--"/EVAP

IR = infrared radiation +

CONV = convection PconD

COND = conduction heat +
CH,,0,+60,-> 6 CO,+6H,0 pe

Kearney et al. Functional Ecology (2013) after Porter and Tracy (1983)



Water budget - evaporation

Greer 1989 Biology and Evolution of Australian Lizards

latent heat of

area wet, m? vaporisation,

¥ \
h (Vd,skin B Vd,air) A

Qevap,cut = Aevap

vapordensit
mass transfer P |

coefficient

O~evap,resp = }‘(mout,resp o min,resp)



Thermodynamic basis to the niche

O
PsoLar z‘ﬁ
p = heat flux + JOZ,MET fe | n g

J = mass flux PR in +
X = food + . /O

e \\\ ﬁ
H = water NP - @/.
I=ingested \ .I ," + 'IXG + JXR + '/XS + pr 3 &
P = product (faeces) ' ' ' ’ ' OE' Wa /@r
Q

U = urinated

G = growth

R = reproduction

S = stored

0, = oxygen

CO, = carbon dioxide
N = nitrogenous waste
MET = ‘metabolism’
EVAP = evaporation

SOLAR = solar radiation \\‘"--"/EVAP

IR = infrared radiation +

CONV = convection PconD

COND = conduction heat +
CH,,0,+60,-> 6 CO,+6H,0 pe

Kearney et al. Functional Ecology (2013) after Porter and Tracy (1983)
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Mechanistic Niche Models
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NicheMapR — a general system
for mechanistic niche modelling

SCATTERED SOLAR
RADIATION

AIR VELOCITY AIR TEMPERATURE
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Tz
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RADIATION RADIATION
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O Tdeep soil
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Software notes

NicheMapR - an R package for biophysical modelling: the
microclimate model

Michael R. Kearney and Warren P. Porter

M. R. Kearney (mrke@unimelb.edu.an), School of BioSciences, The Univ. of Melbourne, Parkville, VIC, Australia. — W. P Porter, Depr of Zoology,
The Univ. of Wisconsin, Madison, WI, USA.



NicheMapR Google Group

@NicheMapR

https://groups.google.com/forum/#!forum/nichemapr

B NicheMapR - Google Groups X [iad = i) X

<« c @ @ @& https://groups.google.com/forum/#!forum/nichemapr| Vo @ Y:?‘ In @

B
Google ‘I 5 @
GrOUpS C Mark all as read Actions ¥ Filters ~ 20 -~ Q-

1

My groups In May of 2019, we'll be merging and deprecating some of our settings to make group management easier. Learn more
Home
Starred NicheIVIapR Shared privately
30 of many topics Manage group - Manage members - Members - About (3
~ Favorites ~

Thanks for visiting the users' group for the R package "NicheMapR". Before submitting a question, please search through the archives of this list for a similar topic. You should also make sure your question isn't already

Click on a group’s star answered in the package documentation - check by typing the R commands:

icon to add it to your

favorites library(NicheMapR)

?microclimate

?micro_global

?ectotherm

~ Recently viewed

as well as reading the vignettes:
Microclimate Model Tutorial

SoilGrids Commu Microclimate Model Theory and Equations
Microclimate Input Data

iNaturalist

knitr Microclimate Model IO
Davis R Users' Gr Ectotherm Model Tutorial
NicheMapR Please provide a self-contained example in your submitted questions

~ Recent searches
. Edit welcome message Clear welcome message
nichemapr

REST ov (in glob...

object ret' (in glob..

NicheMapR now can compile locally (1)
By me - 1 post - 3 views Apr 4

understanding WETMASS and Body_cond at debout

~ Recently posted to
By Agus Camacho - 2 posts - 2 views Apr 2

NicheMapR
Burrowing and climbing

By Simon Tarr - 5 posts - 16 views Mar 15
Privacy - Terms of Service

Error in library(NicheMapR) : there is no package called ‘NicheMapR’
By christopher_evelyn@ucsb.edu - 5 posts - 44 views 12/5/18

Error in get_pwet

| 1 [oRNan— il o R Mo 3)EINOOS : . N



https://groups.google.com/forum/#!forum/nichemapr

NicheMapR Google Group

@NicheMapR

https://github.com/mrke/NicheMapR

<« C @ ‘@ RSl AR VMl tps://github.com/mrke/NicheMapR Vvooees 1}| mn MO o =

Pull requests Issues Marketplace Explore

mrke / NicheMapR @Unwatch~ | 13 destar 10 | YFork 7
<> Code Issues 0 Pull requests 0 Projects 0 Wiki Insights Settings
R implementation of Niche Mapper software for biophysical modelling Edit

Manage topics

D) 794 commits 1 branch © 6 releases 28 2 contributors sfs GPL-3.0

Branch: master = New pull request Create new file =~ Upload files = Find File Clone or download ~

E mrke updating vignettes Latest commit 9f693d5 10 hours ago
mR updated DEB and ectotherm model vignettes, removed some outputs from ... 14 hours ago
M data updating to incl{ updated DEB and ectotherm model vignettes, removed some outputs from yearsout ‘ 2 years ago
(ectotherm model)
i inst updating vignettes 10 hours ago
B man updated DEB and ectotherm model vignettes, removed some outputs from ... 14 hours ago
i src updated DEB and ectotherm model vignettes, removed some outputs from ... 14 hours ago
| vignettes updating vignettes 10 hours ago
B .Rbuildignore updating vignettes, adding line to micro_global to allow it to find t... 4 days ago
B .gitignore git ignore 12 hours ago
) ALTFCT.csv developing SCAN hourly example 3 years ago

i)

Campbell and Norman Table 5.1 Ro...  developing SCAN hourly example 3 years ago
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NicheMapR
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Niche Mapper

/f) derived environmental variables

DRYAIR

WETAIR

---
I VAPPRS I

-

d) integration routines (
c) hourly interpolation of daily inputs
SOILPROPS —_| / EVALXZ | SINEC / VSINE
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L b) sol diati ti
HUMID -—— - ( ) solar radiation routines e m e
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SOLRAD
[~ \
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MICRO/ \
MICROSEGMT N \
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e) soil moisture and snow

.

a) driving subroutine, links to R via

function microrun




CPC soil moisture

NicheMapR T
6) Call to Fortran \ | s | “W .

Fortran New et al. 2002 e ’
microclimate !
1
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terr.aln, shade, microrun.R ‘ ‘ ‘ ‘ ‘ ‘ ‘ ,

soil type, ...) 150 -100 -50 O 50 100 150 J

1

\ ) \ j || I’
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1
e) Global Aerosol Data Set ' .
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[ c) User arguments

User Input
(location,
terrain, shade,
soil type, ...)
\§
/ e) Global Aerosol Data Set
rungads
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NicheMapR
6) Call to Fortran \

Fortran
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model library

A

microrun.R

\_ J

N

b)
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| — McVicar
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GEODATA

micro_aust.R

[ f) outputy \
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o
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The Heat and Water Budget Model
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The Heat and Water Budget Model

d) heat (and water) budget components

RADIN

CONV

RADOUT COND

/ —
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e) Fluid properties ~ ekt
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b) driving subroutine

inks to R via function ectoru\

/h) microclimate input

a) functional traits and microclimate data
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/ / morphology - /

masbal / yearsout3 / behaviour soilmoist / shadm0|5t/

debout yearsout...n physiology soilpot shadpot/
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Thermodynamic basis to the niche

O
PsoLar z‘ﬁ
p = heat flux + JOZ,MET fe | n g

J = mass flux PR in +
X = food + . /O

e \\\ ﬁ
H = water NP - @/.
I=ingested \ .I ," + 'IXG + JXR + '/XS + pr 3 &
P = product (faeces) ' ' ' ’ ' OE' Wa /@r
Q

U = urinated

G = growth

R = reproduction

S = stored

0, = oxygen

CO, = carbon dioxide
N = nitrogenous waste
MET = ‘metabolism’
EVAP = evaporation

SOLAR = solar radiation \\‘"--"/EVAP

IR = infrared radiation +

CONV = convection PconD

COND = conduction heat +
CH,,0,+60,-> 6 CO,+6H,0 pe

Kearney et al. Functional Ecology (2013) after Porter and Tracy (1983)



Requirements

Biophysical Ecology — Heat Budgets

Thermo-
Neutral
zone

Lower critical
temperature (LCT)

Upper critical
temperature (UCT)

5 10 15 20 25 30 35 40 45
Temperature 2C

50



metabolic rate (W)

Biophysical Ecology — Heat Budgets

Qgen =€ (I'e —1y)

woodrat 531 | 3171 o
-10 0 10 20 30 40

chamber temperature

Brown J.H. & Lasiewski R.C. (1972). Ecology, 53, 939-943.



Predicting Endotherm Energy and Water Requirements

consider an elliptical animal




Predicting Endotherm Energy and Water Requirements

heat energy balance of an endotherm

Ogen =€ (Te —T))

body resistance + fR environmental
resistance resistance

Qgen —

Porter & Kearney (2009) PNAS 106, 19666-19672.



Predicting Endotherm Energy and Water Requirements

metabolic rate (W)

40

chamber temperature

Porter & Kearney (2009) PNAS 106, 19666-19672.



NicheMapR — a general system
for mechanistic niche modelling

SCATTERED SOLAR
RADIATION

AIR VELOCITY AIR TEMPERATURE

Tret
Tz
\a\

REFLECTED SOLAR THERMAL

RADIATION RADIATION

Tsoil, z
BURROW

O Tdeep soil
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Software notes

NicheMapR - an R package for biophysical modelling: the
microclimate model

Michael R. Kearney and Warren P. Porter

M. R. Kearney (mrke@unimelb.edu.an), School of BioSciences, The Univ. of Melbourne, Parkville, VIC, Australia. — W. P Porter, Depr of Zoology,
The Univ. of Wisconsin, Madison, WI, USA.
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Thermodynamic basis to the niche

O
PsoLar z‘ﬁ
p = heat flux + JOZ,MET fe | n g

J = mass flux PR in +
X = food + . /O

e \\\ ﬁ
H = water NP - @/.
I=ingested \ .I ," + 'IXG + JXR + '/XS + pr 3 &
P = product (faeces) ' ' ' ’ ' OE' Wa /@r
Q

U = urinated

G = growth

R = reproduction

S = stored

0, = oxygen

CO, = carbon dioxide
N = nitrogenous waste
MET = ‘metabolism’
EVAP = evaporation

SOLAR = solar radiation \\‘"--"/EVAP

IR = infrared radiation +

CONV = convection PconD

COND = conduction heat +
CH,,0,+60,-> 6 CO,+6H,0 pe

Kearney et al. Functional Ecology (2013) after Porter and Tracy (1983)



Thermodynamic basis to the niche

O
PsoLar z‘ﬁ
p = heat flux + JOZ,MET fe | n g

J = mass flux PR ,in +
X = food + ,O

\ (g g

H = water I," p - &/.

| = ingested Iy, =5\ J it de hr t odye + Ayp > &

P = product (faeces) ' ! ' ' I : OE' Wa /@r
Q

U = urinated

G = growth

R =reproduction

S = stored

0, = oxygen

CO, = carbon dioxide
N = nitrogenous waste v
MET = ‘metabolism’ J
EVAP = evaporation

SOLAR = solar radiation

IR = infrared radiation +

CONV = convection Pconp

COND = conduction heat +
C,H,,0,+6 0, > 6 CO, +6 H,0 pe

Kearney et al. Functional Ecology (2013) after Porter and Tracy (1983)



Connecting to the Dynamic Energy Budget

Environmental Layers
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Connecting to the Dynamic Energy Budget
A year in the life of the Fence Lizard in Utah
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Inferring climatic constraints

growth (mass) and reproduction
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Inferring climatic constraints

Activity (h) Depth (cm) Starvation (%) Desiccation (%) Length (mm)
40 340
35 330
30 320
25 310
20 300
15 290
. 10 280
g 7 A 5 270
7] v 0 260
1st Reproduction (yr) Fecundity (#)
22 16 12 45 1.00
20 14 40 0.98
11

18 12 10 35 0.96
- 9 a0 0.94
1.4 10 8 0.92

12 7 25
10 8 6 %0 090
08 [ 5 0.88
06 4 15 086
04 3 10 084

2

0.2 1 g 0.82
0.0 0 0.80

O =2 N W s~ O N OO

9
8
7
6
5
4
3
2
1
0

Kearney et al.. 2018. Field tests of a general ectotherm niche model .... Ecological Monographs 88:672-693.



Nutritional constraints

Kearney and Porter TREE 2006
Kearney et al. PTRS 2010
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Nutritional constraints
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Nutritional constraints

Nutritional Landscape Agent Behaviour

» Preference behaviour/targets will change with ontogeny

Simpson et al. (2010). Trends in Ecology & Evolution, 25, 53-60.



Mechanistic Niche Models
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