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Animal Diel Ecology




Why study animal diel ecology?

e Fundamental to understand a
species’ niche

Pianka, 1973. Annual review of ecology and systematics, 53-74.
Enright, 1970. Annual review of ecology and systematics, 221-238.
Gaynor et al. 2018. Science. 1232-1235.

Rivera et al. 2022. Conservation Science and Practice: e13177




Why study animal diel ecology?

e Fundamental to understand a
species’ niche

e Diel behavior is a mechanism of
adaptation to disturbance

~Jamie Hall

Pianka, 1973. Annual review of ecology and systematics, 53-74.
Enright, 1970. Annual review of ecology and systematics, 221-238.
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Why study animal diel ecology?

e Fundamental to understand a
species’ niche

e Diel behavior is a mechanism of
adaptation to disturbance

* Habitat requires resource to be
present and accessible

Pianka, 1973. Annual review of ecology and systematics, 53-74.
Enright, 1970. Annual review of ecology and systematics, 221-238.
Gaynor et al. 2018. Science. 1232-1235.

Rivera et al. 2022. Conservation Science and Practice: e13177




Diel Phenotypes / Chronotypes

: active during the daylight
. active during the nighttime
: active during twilight (i.e., dawn and dusk)

. active throughout the 24-hr day

Schoener, T.W. 1974. Science, 185, 27-39.

Schoener, T.W. 1974. PNAS, 71, 4169-4172.

Kronfeld-Schor, N., & Dayan, T. 2003. Annual review of ecology, evolution, and systematics, 34, 153-181.
Anderson & Wiens. 2017. Evolution, 71, 1944-1959.

Levy et al. 2019. Ecological Monographs, 89, e01334.

Tattersall, 1. 2006. Folia primatologica, 77, 7-14.
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A crepuscular animal...

“has peaks during the twilight hours”
“is active primarily during the twilight period”

“is mainly active during twilight”

J. Vonk, T.K. Shackelford (eds.), Encyclopedia of Animal Cognition and Behavior,
https://en.wikipedia.org/wiki/Crepuscular_animal
Cox et al. (2024) Trends in Ecology & Evolution 39.1 31-40.



https://en.wikipedia.org/wiki/Crepuscular_animal

When the wild things are: Defining mammalian diel ac-
tivity and plasticity

KADAMBARI DEVARAJAN , MASON FIDINO , ZACH J. FARRIS , SOLNY A. ADALSTEINSSON , GABRIEL ANDRADE-PONCE , JULIA L. ANGSTMANN ,

WHITNEY ANTHONYSAMY , JESICA AQUINO , ADDISU ASEFA ,[--.], AND BRIAN D. GERBER +207 authors Authors Info & Affiliations

SCIENCE ADVANCES - 26 Feb 2025 - Vol 11,Issue 9 - DOL: 10.1126/sciadv.ado3843

No support that species classified in the
reference literature as crepuscular use
mostly twilight (= 80%)
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SCIENCE ADVANCES - 26 Feb 2025 - Vol 11,Issue 9 - DOI: 10.1126/sciadv.ado3843

No evidence that any species
(n = 445) used twilight (=80%)



When the wild things are: Defining mammalian diel ac-
tivity and plasticity

KADAMBARI DEVARAJAN , MASON FIDINO , ZACH J. FARRIS , SOLNY A. ADALSTEINSSON , GABRIEL ANDRADE-PONCE , JULIA L. ANGSTMANN ,
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SCIENCE ADVANCES - 26 Feb 2025 - Vol 11,Issue 9 - DOI: 10.1126/sciadv.ado3843

Only 5 (n = 14,587) diel classification estimates
supported that = 50% occurred during twilight.



Selection, not use

Account for available time within each diel period to estimate diel
selection

Night Daylight Night

I I I
0:00 Sunrise 12:00 Sunset 24:00
Time

Bischof et al. 2024 PRSB, 291.2033
Gallo et al 2022. Elife, 11, e74756



Dawn is not dusk; dusk is not dawn
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Objectives

Evaluate whether mammal species are ‘crepuscular’, in
terms of separate selection of dawn and dusk

e |sthis arare behavior?

* |s crepuscular selection a unique chronotype
or is it tied to selection of daytime/nighttime

selection?



Total records: 8961725
Total sites: 20080
Total countries: 38
Total files: 95

Total projects: 200

Number of Species
0-50

50 — 100

" 100 - 150
150 — 200
NA

Devarajan et al. 2025. Science Advances. 11.9: eado3843.

38 Countries
392 Species

~9 million records

14,053 unique
spatio-temporal
analysis units



Statistical Model

Bayesian Hierarchical Poisson Regression / Temporal Selection
 available time in a diel period via an offset
* selection parameters nested within species nested within family
e additional analysis unit- and project-level variance
* Priors were diffuse to conservative towards no selection/avoidance

Model Fit
e R<1.1
* Bayesian p-value to assess goodness of fit ~ 0.5
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Results

Is this a rare behavior?

* 46 species (12%) selected for both dawn and dusk, separately (crepuscular)
e 81 species (21%) selecting dusk, but not dawn (vespertine)
e 9 species (2%) selecting dawn but not dusk (matutinal)



Results

Is crepuscular selection a unique chronotype?

* No species selected dawn and dusk, while avoiding day and night

* Of the 137 species selecting for daytime, 99% avoided nighttime

e 0% selected dawn and 64% avoided dawn
e 7% selected dusk and 54% avoided dusk

e Of the 172 species selecting for nighttime, 100% avoided daytime
e 23% selected dawn and 17% avoided dawn
e 52% selected dusk and 1% avoided dusk
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‘Crepuscular’ is not a distinct diel phenotype

* Species that select for twilight (dawn and/or dusk) do not do so
exclusively and in contrast to avoiding other periods

 Species that select for dawn or dusk also tend to select for nighttime
and avoid daytime

* No species “primarily” use twilight (Devarajan et al. 2025)

* The functional trait space of ‘nocturnal” and ‘crepuscular’ completely
overlap (Cox et al. 2021)

* No morphological distinction b/w crepuscular and cathemeral species
(Schmitz and Motani, 2010; Hall et al. 2012)



Diel phenotype hypotheses for use or
selection

* Diurnal: active during the daylight
* Nocturnal: active during the nighttime
* Cathemeral: active throughout the 24-hr day
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