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ABSTRACT

Predator activity can structure communities temporally and influence the spatial distribution of
prey. Yet, despite the influence this may have on prey species’ activity or geographic persistence,
our understanding of whether diel predator activity changes geographically remains limited. Here,
we conduct a case study to test whether predator activity during the darkest phase of the diel cycle
increases with the duration of daylight (i.e. photoperiod) at high latitudes during summer, aligning
with the photoperiod constraint hypothesis. Using both observations and experiments at one
seabird colony above and one below the northern polar (Arctic) circle, we compared predator
activity between the brightest and darkest phases of the diel cycle. Avian predator counts were
greater and nest predation events were more common during the brightest phase of the diel cycle
below the Arctic Circle (i.e. where the sun goes below the horizon) but similar across phases during
polar summer (i.e. above the Arctic Circle when the sun does not set). Our results highlight the
potential influence of light on activity of predator communities and suggest a possible latitudinal
limit to the advantage gained by dark-active strategies for avoidance of visually hunting predators.
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2023). Specifically, the 24-hour light-dark cycle, which
changes with latitude and date, is a primary environ-
mental driver of animal activity patterns (Helm et al.

Introduction

Predator activity can influence where and when prey are

active (Kronfeld-Schor and Dayan 2003; Vallejo-Vargas
et al. 2022). On a global scale, overall increased preda-
tion pressure at lower latitudes is thought to place strong
limitations on the composition of prey communities
(e.g., Schemske et al. 2009; Freestone et al. 2021;
Zvereva and Kozlov 2021), whereas at high latitudes
a generally lower predation risk may alleviate these
limitations for many groups (e.g., McKinnon et al.
2010; Roslin et al. 2017; Roesti et al. 2020; cf., e.g.,
Harper and Peck 2016 and Freeman et al. 2020 for
differing latitudinal predation patterns). More locally,
prey may maximize survival and fitness through beha-
vioral modifications, scheduling mating, competitive
interactions, and resource acquisition to phases of envir-
onmental cycles, in which risk is low (Kronfeld-Schor
and Dayan 2003; Shima et al. 2020; Cox, Gardner, and
Gaston 2021; Vallejo-Vargas et al. 2022; Ottmann et al.

2017; Kumar 2017; Gilbert et al. 2022; Vallejo-Vargas
et al. 2022). If variation in diel predation risk changes
concurrently with a change in amplitude of the environ-
mental light-dark cycle, then the population ranges of
prey species that schedule activity to a specific phase of
this cycle to avoid predation may be restricted
(Kaartvedt 2008; Poloczanska et al. 2016; Huffeldt
2020; Ljungstrom, Langbehn, and Jergensen 2021;
Gilbert et al. 2022; Langbehn et al. 2022; cf. McKinnon
et al. 2010; Roslin et al. 2017; Roesti et al. 2020).
However, our understanding of whether geographic var-
iation in the diel light-dark cycle influences predator
activity remains limited and, in particular, lacks empiri-
cal insight (Gilbert et al. 2022; cf. Ljungstrom,
Langbehn, and Jergensen 2021; Langbehn et al. 2022).
Extreme photoperiods at the highest latitudes can
have strong effects on animal activity patterns
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(Williams, Barnes, and Buck 2015; Bulla et al. 2016;
Gilbert et al. 2022; Langbehn et al. 2022), and the
increased illumination of the continuous light of polar
summer may increase visual encounters between preda-
tors and prey across the diel cycle (Watanuki 1986;
Langbehn et al. 2022). The occurrence of prey that rely
on darkness to escape visual predators could be limited
by diminished differences in the temporal variation in
visual search efficiency (i.e., the photoperiod constraint
hypothesis; Kaartvedt 2008; Langbehn et al. 2022) and/
or continuous activity of light-active predators during
polar summer. This chronoecological influence of pre-
dators may challenge some prey taxa as they track envir-
onmental change poleward by eliminating phases of the
diel cycle with reduced predation risk (Kaartvedt 2008;
Ljungstrém, Langbehn, and Joergensen 2021).
Specifically, the interaction between photoperiod and
visual predation may affect high-latitude range edges
and poleward range shifts of prey species that schedule
activity to the darkest phase of the diel and lunar cycles,
putatively to buffer against predation (Kaartvedt 2008;
Poloczanska et al. 2016; Ljungstrom, Langbehn, and
Jorgensen 2021; Langbehn et al. 2022). These prey spe-
cies include some insects (Seifert et al. 2016), fishes
(Langbehn et al. 2022), birds (Watanuki 1986), and

small mammals (Jones and Rydell 1994; Prugh and
Golden 2014). Empirical investigations of the diel varia-
tion in predation risk or predator activity aligning with
the photoperiod constraint hypothesis are scarce (cf.
Ljungstrom, Langbehn, and Jergensen 2021; Langbehn
et al. 2022 for modeling exercises) but necessary to
provide insight into the biogeographic change in activity
patterns, top-down control by predators of the temporal
organization of communities, and whether predation
risk across the diel cycle counteracts the lower overall
predation risk at high latitude.

Here, we conduct a restricted case study using obser-
vations and nest depredation experiments at two seabird
colonies (one polar and one subpolar) with mainly
visually hunting predators to ask whether predator activ-
ity differs between the darkest and brightest phases of the
diel cycle. We define brightest phase as the phase sur-
rounding the highest solar elevation (solar noon) and
darkest phase as the phase surrounding the lowest solar
elevation (solar midnight). We predict that predator
activity will be greater at the brightest phase in the sub-
polar colony but will not differ between the brightest and
darkest phases at the polar colony, where light is more
homogenous across the diel cycle (Figure 1). This case
study specifically tests whether predator activity decreases
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Figure 1. A summary of the prediction and photic environment at the study sites above and below the Arctic Circle.

The dashed line represents the northern polar (Arctic) circle (66.6° N). Yellow indicates that the sun was above the horizon, and black
indicates that the sun was below the horizon. We predicted that predator activity would not differ between the brightest and darkest
phases of the diel cycle at the polar site but that predator activity would be greater during the brightest phase compared to the darkest
phase of the diel cycle at the subpolar site. We illustrated this by depicting avian predators that were active (a flying bird) or inactive (a

sleeping bird).



during the darkest phase, compared to the brightest
phase, of the diel cycle and does not assess homogeniza-
tion of diel predation risk or visual search efficiency.
These preliminary insights lay an empirical proof of con-
cept to guide future research into the chrono-ecology
influence of the photic environment and the top-down
effects of predator activity across latitudes, which may
have implications for species’ range limits.

Methods
Study system

Fieldwork occurred at a seabird colony just below the
Arctic Circle (62.10° N, 7.64° W; Mykines, Faroe Islands;
subpolar site) from 18 to 30 June 2021 and a polar sea-
bird colony (73.72° N, 56.62° W; Kippaku, Greenland;
polar site) from 17 to 26 July 2021 (Figure 1). During
fieldwork, the sun went below the horizon for
4.25 + 0.051 hours (mean + SD) per 24-hour cycle at
the subpolar site and never went below the horizon at
the polar site (Figure 1). At the subpolar site, all field-
work occurred in the main seabird breeding areas
approximately =500 m west of the settlement on
Mykines (including Mykineshélmer) and approximately
>200 m east-southeast of the unlit helicopter pad. The
areas of Mykines used were mainly grassy hills bordered
by sea cliffs. At the polar site, fieldwork occurred across
the entire approximately five hectare island, and the
island is a mix of rocky grass slopes bordered by sea
cliffs on three sides of the island. The polar site was
>20 km, mostly over water during summer, from the
nearest human settlement.

We conducted the work at seabird colonies, which
enabled us to assess the predator community within
the colonies with a high degree of certainty. Seabird
colonies are fairly isolated on remote islands and
have relatively few species of mostly avian predators
that depredate other adult and juvenile birds and
their nests. Additionally, birds are good models
because they are comparably easy to observe, hunt
mainly by sight, and are generally more active and

Table 1. Common predators and prey at each study site.
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forage more with increasing photoperiod (Pokrovsky
et al. 2021).

The most common members of the predator and prey
community at each site are different, with more diversity
at the subpolar site (Table 1). Briefly, the subpolar site
had thirteen species of regularly breeding seabirds (up to
seventeen species), including three species of seabirds
that only visit the colony during the darkest phase.
Domestic sheep and, nearer the settlement, domestic
fowl also occurred at the subpolar site. The polar site
had five species of breeding seabird, and the glaucous
gull (Larus hyperboreus), a seabird, was the primary
predator observed (Supplementary Material). For the
first time since contemporary field campaigns began in
2008, an arctic fox (Vulpes lagopus) occurred at the polar
site. In addition to the prey listed in Table 1, nests of
predatory gulls can be depredated at each site. Each
predator species was observed depredating nests, chicks,
adults, or a combination thereof of the breeding seabirds
at the subpolar and polar sites. Primarily, predators
depredated eggs or chicks from open nests, but avian
predators also depredated adult gulls, adult auks, and
eggs of crevice nesting birds. At both sites, seabirds
nested on cliff ledges, on the ground, and in cavities.

Observations

A single observer counted predators within 300 m of
their location every 10 minutes during an observation
block beginning 30 minutes before and ending 30 min-
utes after solar noon or solar midnight (seven scans per
observation block). The observer conducted one obser-
vation block at solar noon or midnight and another
observation block at the opposite phase of the diel
cycle at the same location (i.e., an observation replicate).
The observer recorded all predators, usually to species
level but always to genus level, and noted whether the
predator was active (walking or flying) or inactive
(standing or sitting). We excluded inactive predators
from further analyses because we observed very few
inactive predators at the subpolar site (seven predators).
Although when we included all observed predators, the

Site Common predators

Common prey

Subpolar

site lesser black-backed qull (Larus fuscus), parasitic jaeger (Stercorarius
parasiticus), great skua (Stercorarius skua), hooded crow (Corvus

cornix), and northern raven (Corvus corax)

Herring gull (Larus argentatus), great black-backed gull (Larus marinus), Arctic tern (Sterna paradisaea), black-legged kittiwake (Rissa tridactyla),

Atlantic puffin (Fratercula arctica), black guillemot (Cepphus grylle),
razorbill (Alca torda), common murre (Uria aalge), European storm
petrel (Hydrobates pelagicus), Leach’s storm petrel (Hydrobates
leucorhous), northern fulmar (Fulmarus glacialis), and Manx
shearwater (Puffinus puffinus)

Polar site  Glaucous gull (Larus hyperboreus), gyrfalcon (Falco rusticolus), peregrine Black-legged kittiwake, black guillemot, razorbill, and thick-billed murre

falcon (Falco peregrinus), northern raven, and arctic fox (Vulpes
lagopus)

(Uria lomvia)
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direction and significance of the results did not change
for either site (Supplementary Material).

All observations were made in or directly adjacent
to the main breeding areas of prey seabirds. The
observer scanned for 45 seconds from ground level
to directly above them, starting from behind them
and working right until ending at the starting position.
Binoculars were used to identify predators spotted
during scans, when necessary, but scans were other-
wise conducted by naked eye. If visibility was <300 m,
then the observer abandoned the observation block
(one observation block). Despite the sun being below
the horizon during darkest-phase observation blocks
at the subpolar site, the lower light intensity did not
negatively affect the data collection, and predators
were clearly visible and identifiable to at least genus
without binoculars. We counted a similar maximum
number of predators during observation blocks during
each phase (see Results), supporting that our ability to
observe and identify predators was not systematically
reduced during the darkest phase at the subpolar site.
The observer conducted predator observations at six
locations at the subpolar site and four locations at the
polar site. A minimum of 48 hours elapsed between
the beginning of observation replicates at a location at
each site. One observation block at the subpolar site
was significantly compromised because many indivi-
dual gulls would consistently take off and make alarm
calls when a red light on video equipment was blink-
ing. This observation block was therefore conducted
again later. Lights on cameras were otherwise turned
off or covered before and after this incident. Another
observation block at the subpolar site was compro-
mised by poor weather and humans walking multiple
times through the observation area, and this observa-
tion replicate was abandoned. In total, there were N =
7 observation replicates at each study site.

Experiments

We placed an egg in an empty nest that was visible
from at least two sides by flying predators. Because
we were interested in measuring the general activity
and predation by predators, not the reproductive
success of prey species, we used a combination of
natural and simulated empty nests. Additionally,
because we used a paired design (described below)
in which a placement generally occurred in a nest
during both the brightest and darkest phases of the
diel cycle, bias attributed to one nest type should be
accounted for in the data collected.

In most cases, a placement occurred during the
brightest and darkest phases at the same nest within

a diel cycle. We alternated the first placement between
the darkest phase and the brightest phase, unless pro-
hibited, for example, by adverse weather. At the sub-
polar site, the mean time of placement during the
darkest phase was 23:54 (95 percent confidence interval
[CI] = 23:43 to 00:05) local time (UTC + 1 h), which
was approximately 20 minutes after sunset, and during
the brightest phase it was 12:20 (95 percent CI = 12:03
to 12:38) local time. At the polar site, the mean time of
placement during the darkest phase was 00:30 (95 per-
cent CI = 00:17 to 00:42) local time (UTC - 2 h), which
was approximately 1 hour before solar midnight, and
during the brightest phase it was 12:50 (95 percent
CI = 12:32 to 13:08) local time. In all but one case at
the subpolar site, a minimum of 48 hours elapsed
before another placement in a location. If predators
were active during a placement, we covered the place-
ment with an opaque cloth tied to a string. We then
moved approximately 20 m from the placement and
waited for 15 minutes or until the predator(s) disap-
peared before pulling the cloth off the placement. If
a placement was covered, the time of the placement
was the time of day in which the placement was
uncovered. We had placements at twenty-three nests
in twelve locations and twelve nests in seven locations
at the subpolar and polar sites, respectively. Trail cam-
eras (Reconyx Hyperfire 2) took one photograph every
15 minutes and ten photographs when triggered by
motion at a nest. Time of predation was the timestamp
of the first photograph where either the placement was
missing or a predator was photographed depredating
the placement.

A placement was excluded from analysis if it was
not in the camera’s frame of view (subpolar site: four
placement, polar site: one placement); was rolled out
of the frame of view by a nonpredatory seabird, such
as an auk species (subpolar site: one placement, polar
site: two placements); or was not depredated within
approximately 24 hours (subpolar site: four place-
ments, polar site: two placements). At one nest at
the subpolar site, multiple gulls were still disturbed
and active after placements were uncovered and the
experimenter began walking away. We therefore
excluded these placements from analyses because the
investigator’s presence appeared to cause the activity
(two placements). In total, there were N = 45 place-
ments for the subpolar site and N = 28 placements for
the polar site. All eggs were sourced from domestic
fowl, bought locally, similar in size, and the same
color. Eggs were hard-boiled =12 minutes before pla-
cement in areas in which contact with domestic live-
stock, domestic fowl, or human activity and rubbish
was unlikely.



Statistical analyses

Observations

We calculated the mean and maximum count recorded
during the scans within an observation block. We calcu-
lated the mean count for each observation block by
taking the mean of the number of predators that were
active across all seven scans. We used this as a general
representation of predator activity. The maximum count
for an observation block was the number of individual
predators (regardless of species) that were active during
a single scan of that observation block. We used this
number of simultaneously observed individual preda-
tors as a conservative estimate of the minimum number
of individual predators active in an area. We tested
whether the means and maxima from each study site
met the assumptions for normality and homogeneity of
variance between the two phases. We then used two-
tailed parametric paired t-tests or nonparametric paired
Wilcoxon signed-rank tests and Hedges’ g to calculate
effect sizes (R package effectsize; Ben-Shachar, Ludecke,
and Makowski 2020).

Experiments
We analyzed experimental egg placement results using
a binary response variable that described whether eggs
were depredated within three hours of placement
(1 = depredated within 3 hours; 0 = not depredated
within 3 hours). We examined the 3 hours following
placements because this corresponded to the approxi-
mate amount of time that the sun remained below the
horizon after placement during the darkest phase at the
subpolar site (Figure 1). This approach allowed us to
compare the likelihood of eggs placed a night being
depredated during this phase of darkness to the like-
lihood of eggs placed during the day being depredated
after the same amount of time. We repeated this com-
parison for the polar site and asked whether these sites
differed. We used a limited window because we only
placed eggs during two time points of the diel cycle,
which resulted in us not being able to distinguish
between depredation due to random chance from
increased exposure durations and timepoints of the
diel cycle. Our aim was to test whether the darkest or
brightest phase influenced the likelihood of predation
over equivalent amounts of time, depending on latitude.
We used a generalized linear mixed-effects model
with a binary response, binomial error structure, and
the categorical predictor phase (brightest, darkest)
using /me4 and R (Bates et al. 2015). We used place-
ment number in a nest within trial number at
a location as nested random intercepts and placement
number in a nest as a separate random intercept to
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control for variation associated with the possibility
that predators depredated placements in a specific
order or frequented certain locations more often dur-
ing the investigation. If a random effect accounted for
little or no variance (e.g., resulted in a singular fit) in
the model, we dropped the random effect and reran
the model. We checked model assumptions visually by
plotting residuals and fitted versus observed values.
We compared the final model to a nested null model
(i.e., excluding the phase predictor) by using
a likelihood ratio test (Tredennick et al. 2021). The
phase predictor was significant if the model containing
it was significantly different from the null model
(o = .05). We used estimated marginal means and
95 percent confidence intervals obtained with the
R package emmeans when plotting model results
(Lenth 2023). We conducted all statistical analyses
using the R language and environment v4.2.2 (R
Core Team 2022).

Results

Observations: Are more active predators observed
during the brightest than the darkest phase?

We observed predators in an equal number of observa-
tion replicates at each study site (N = 7 per study site).
All predators observed during scans at both sites were
birds (Supplementary Material). At the subpolar site, the
same maximum number of predators were counted dur-
ing both phases of the diel cycle (maximum count: %
=0.51, p = .63, N = 7, Hedges’ g [95 percent CI] = .17
[-0.49 to 0.81]; Figure 2), but on average more predators
were counted during the brightest phase compared to
the darkest phase (mean count: tg =3.29,p=.017, N=7,
Hedges’ g [95 percent CI] = 10.8 [0.18 to 1.93]; Figure 2;
Supplementary Material). Within replicates at the sub-
polar site, the mean count of predators was consistently
lower during the darkest phase (Figure 2). At the polar
site, the same maximum and mean number of predators
were counted during the brightest and darkest phases of
the diel cycle (maximum count: V;, = 3.0, p = 1.00,
Hedges” g [95 percent CI] = 0.00 [-0.64 to 0.64]; mean
count: ts = 1.07, p = 0.33, N = 7, Hedges” g [95 percent
CI] = 0.35 [-0.33 to 1.01]; Figure 2; Supplementary
Material).

Experiments: Does predation occur more often
during the brightest than the darkest phase?

Predation was more likely during the brightest phase
than during the darkest phase at the subpolar site
(X*1 = 4.14, p = .042, N = 45 placements; Figure 3;
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Figure 2. The mean and maximum number of predators
observed at the subpolar and polar sites during the brightest
and darkest phases of the diel cycle.

Yellow indicates that the sun was above the horizon, and black
indicates that the sun was below the horizon. We calculated the
mean count by averaging the number of predators that were
active across all seven scans in an observation block; we used
this as a general representation of predator activity. The max-
imum count for an observation block was the number of pre-
dators that were active during the scan with the most active
predators; we used this number of simultaneously observed
predators as a conservative estimate of the minimum number
of individual predators active in an area. Within each panel, the
boxes are bounded by the first and third quartiles, horizontal
bars are at the median, and whiskers indicate the smallest or
largest measurement within 1.5x the interquartile range.
Individual points represent the mean or maximum count, respec-
tively, in an observation block. Individual shapes represent dif-
ferent observation replicates at each study site.

Supplementary Material). At the polar site, however,
phase did not influence the likelihood of predation
(X21 = 2.87, p = .09, N = 28 placements; Supplementary
Material). These results did not change when we reran
the analyses excluding confirmed predation by an arctic
fox (x*; = 0.14, p = .70, N = 14 placements).

Discussion

We found that counts of predators and the likelihood
of nest depredation in a seabird colony were similar
during the brightest and darkest phases of the diel
cycle above the Arctic Circle but differed between
these phases at a subpolar site, decreasing when the
sun was below the horizon (Figures 2 and 3). This is
consistent with predictions of the photoperiod con-
straint hypothesis, because the observed lack of
change in predator activity above the polar circle
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Figure 3. Predation within 3 hours of placement at the polar and
subpolar sites during the brightest and darkest phases of the diel
cycle. Yellow indicates that the sun was above the horizon, and
black indicates that the sun was below the horizon. Solid lines
are reverse-transformed model estimates, and shaded boxes are
the reverse-transformed 95 percent confidence intervals. Crosses
represent the raw data (0 = not depredated, 1 = depredated).
The model producing the plotted estimates for the subpolar site
explained significantly more variation than a null model without
phase as a predictor (x21 =414, p = .042), whereas the model for
the polar site did not explain significantly more variation than
a null model (% = 2.87, p = .09).

may challenge prey species that rely on phases of
reduced predator activity or foraging efficiency for
survival. Additionally, the proximity of the subpolar
site to the Arctic Circle provided an indication that
a diel change in light intensity equivalent to a change
from full daylight to just civil twilight (civil twi-
light = solar elevation between 0° and -6°
Figure 1) at the subpolar site may influence the
activity of a predator community just below the
Arctic Circle (Figures 2 and 3).

Despite the change in light intensity at the subpolar
site, an observer could still clearly identify individuals to
genus level within 300 m of themselves during the dark-
est phase, which suggests that predators may also be able
to detect prey visually within the same distance.
However, we know very little about the visual acuity or
detection distances of predators and prey in the seabird
colonies investigated. Additionally, predators that do
not search for prey visually may continue to have the
same search efficiency across the diel cycle, and prey in
communities with predators that hunt during the light
and dark phase of the diel cycle, such as many inland
areas with predatory mammals, may experience similar
predation risk across the 24-hour day even when dark-
ness occurs. Therefore, our results provide only preli-
minary support for the photoperiod constraint
hypothesis in two communities with mainly visual pre-
dators. Our results highlight the need for large-scale,



global comparisons of predation rates and search effi-
ciencies across the diel cycle at many sites above and
below the polar circles and for further investigation of
cofounding factors that also change with the diel cycle
that may influence when animals are active. This
includes temperature, which often changes across the
diel cycle and may affect activity via thermoregulation
(Alonso, Salgado, and Palacin 2016; Choy et al. 2021).
Our results provide a coarse comparison of the activ-
ity of the predator community between only two sites
around solar noon and solar midnight for the observa-
tions and during a restricted 3-hour window during the
darkest and brightest phases of the diel cycle for the
experiments. Our results can therefore neither capture
nuanced characteristics of predation risk across the full
diel cycle nor be extrapolated across a large geographic
scale. We still do not know whether the similar predator
activity during the brightest and darkest phases of con-
tinuous light documented here translates to a change in
cumulative predation risk over a 24-hour period.
Despite some differences between the predator
communities at our polar and subpolar sites, how-
ever, we believe that the differences in predator activ-
ity at these sites (Figures 2 and 3) are driven by diel
differences in the environment, potentially reflecting
general latitudinal associations, rather than site-
specific activity patterns. For instance, the gulls
(Larus spp., the majority of predators) at the subpo-
lar site also occur in polar Greenland (Boertmann
and Huffeldt 2013; Boertmann and Frederiksen
2016) and can be active during the darkest phase of
the diel cycle at higher latitudes (Sjoberg 1989; pers.
obs.). Additionally, glaucous gulls (the species
observed most at the polar site; Supplementary
Material) have been reported to not forage in
a seabird colony when darkness occurred during
summer at a similar latitude as the subpolar site
(62.5° N; figure 2 in Gilchrist, Gaston, and Smith
1998), and charadriiforms, which include gulls,
show much variation in activity patterns across the
diel cycle above the polar circle (Steiger et al. 2013;
Bulla et al. 2016; Huffeldt and Merkel 2016; Huffeldt
et al. 2021). This evidence in combination suggests
that the pattern of reduced activity under darkness
and the population-level pattern of similar activity
during phases of the polar day in this group of
avian predators is widespread. Nonetheless, because
our case study did not incorporate observations
across the full diel cycle, we cannot exclude that
different predator communities and individuals with
different activity patterns may underlie a geographic
change of the diel activity of the predator
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communities investigated. Further investigation
using either individual tracking with high temporal
resolution or a data collection schedule spanning the
full diel cycle is warranted.

Though some evidence indicates that predation
rates are lower at the highest latitudes (McKinnon
et al. 2010; Roslin et al. 2017; Roesti et al. 2020),
other work suggests that birds, the primary predators
observed here, increase activity with increasing photo-
period, presumably due to increased foraging oppor-
tunities (Pokrovsky et al. 2021). Indeed, in some
seabird colonies, predation risk links tightly and posi-
tively to light intensity (Watanuki 1986; Gilchrist,
Gaston, and Smith 1998; Keitt, Tershy, and Croll
2004; Riou and Hamer 2008). Thus, under the con-
tinuous light of polar summer, a less risky phase of
the diel cycle may attenuate or disappear, requiring
prey to allocate more time to predator avoidance and
less time to other behaviors across the diel cycle.
Nonetheless, the continuous photoperiod of polar
summer may also present benefits to prey by allowing
for earlier visual detection of predators. This could
confound the importance of similar predator activity
during the darkest and brightest phases at high lati-
tudes via a trade-off between cumulative predation
risk, predator detection, and other behaviors. The out-
come of this trade-off is probably species or taxon
specific. These potential scenarios, however, highlight
the importance for understanding whether cumulative
predation risk across the diel cycle differs between
subpolar and polar regions, whether these risk profiles
are a function of diel activity patterns of predators,
and how diel risk profiles may change as species shift
ranges polewards due to climate change.

Conclusions

We found preliminary evidence that predator activity is
similar during the brightest and darkest phases of the
diel cycle above the Arctic Circle but not below it where
activity is reduced under darkness. Our case study pro-
vides an empirical foundation for future research exam-
ining how the activity patterns of predator communities
can change latitudinally with environmental variation
associated with the diel cycle. Our results emphasize
the need to better understand the interplay among the
diel cycle, activity, photoperiod, and latitude and eluci-
date the causes and consequences of activity patterns
(Gilbert et al. 2022).

Open questions include the following:
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e Do bottom-up processes determined by prey or
top-down processes determined by predators
shape activity patterns more often at low latitude
compared to high latitude?

e How does seasonality in temperature and the
annual transition in photoperiod affect biogeogra-
phical patterns in activity?

¢ Does community complexity affect the diversity of
activity patterns (Gilbert et al. 2022) or their under-
lying mechanisms?

e How does predation risk across the diel cycle
change as different species immigrate to climate
refugia above the polar circles?

With global change, chronoecological processes may
either hinder or facilitate adaptation (Bradshaw and
Holzapfel 2010; Cox, Gardner, and Gaston 2021;
Ljungstrom, Langbehn, and Jergensen 2021; Gilbert
et al. 2022). The evolutionary capacity to adapt to
new temporal interactions across the diel cycle may
be either population or taxon specific and may be
challenged by the pace of rapid environmental
change (Huffeldt 2020, 2021). The interplay between
the photic environment and species interactions
(Kronfeld-Schor and Dayan 2003; Kehoe et al. 2018,
2020; Hifker and Tessmar-Raible 2020), including
diel activity interactions (Langbehn et al. 2022;
Vallejo-Vargas et al. 2022), may have important
implications for forecasts of species’ ranges and
their persistence, but more research is needed to
confirm whether this could occur and whether our
preliminary findings represent a generalized phe-
nomenon across latitudes and communities.
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