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Ecological traps are maladaptive behavioural scenarios in which animals prefer to settle in habitats with
the lowest survival and/or reproductive success. Aquatic insect species, for example, are attracted to
sources of horizontally polarized light associated with natural water bodies, but today they commonly
prefer to lay their eggs upon asphalt roads and buildings that reflect an unnaturally high percentage of
polarized light. Ecological traps are a rapidly emerging threat to the persistence of animal populations,
but the degree to which species vary in their susceptibility to them remains uninvestigated. We designed
a field experiment to (1) assess the relative susceptibility of aquatic flies (Diptera) to a single maladaptive
behavioural cue: variation in degree of horizontally polarized light (d), and (2) quantify how the isolation
of an ecological trap from a high-quality habitat affects its relative attractiveness. We exposed wild
dipterans to experimental test surfaces varying in d at three distances from natural streams and mapped
behavioural reaction norms of habitat preference as a function of d and distance from high-quality
habitat. All seven of the dipteran families were captured most in traps with progressively higher
d values, especially those (d ¼ 90e100%) that exceeded that of natural water bodies (30e80%). In most
taxa, the height and slope of numerical responses to d were influenced by the distance of an ecological
trap from a natural water body. Our results illustrate that dipterans have broadly evolved the use of a
habitat selection behaviour that treats more strongly polarized light sources as indicative higher-quality
habitats, making them broadly susceptible to ecological traps driven by polarized light pollution. We also
found that the spatial isolation of ecological traps from higher-quality, but less attractive, habitats can
either increase or reduce species' susceptibility to them.
© 2017 The Association for the Study of Animal Behaviour. Published by Elsevier Ltd. All rights reserved.

Ecological traps are scenarios in which, due to some human-
induced rapid environmental change (Robertson, Rehage, & Sih,
2013), a poor-quality habitat becomes more attractive than avail-
able high-quality habitats that would lead to greater survival or
reproductive success (Dwernychuk & Boag, 1972; Schlaepfer,
Runge, & Sherman, 2002). Traps occur because animals use indi-
rect cues to assess the ultimate value of potential habitats during
settlement, but these cues can be manipulated independently of
the fitness conditions to which they have been correlated over
evolutionary time (Robertson & Hutto, 2006). The result is that an
animal can prefer to settle in, and compete over, the most
dangerous and low-quality habitats. This extreme form of

maladaptive behaviour is an increasing conservation reality
affecting a broad taxonomic range of animals (Robertson et al.,
2013) and, perhaps most disturbingly, is sometimes a conse-
quence of interventions designed to restore ecosystems or species
(Hawlena, Saltz, Abramsky, & Bouskila, 2010; Severns, 2011). Given
that ecological traps can lead to rapid population declines or even
extinctions (Delibes, Ferreras, & Gaona, 2001; Donovan &
Thompson, 2001; Fletcher, Orrock, & Robertson, 2012; Hale,
Treml, & Swearer, 2015; Hawlena et al., 2010; Kokko &
Sutherland, 2001), that they can be difficult to identify and that
researchers are infrequently looking for them (Robertson & Hutto,
2006), it is concerning that we still know relatively little about the
underlying sensory-cognitive, behavioural and ecological mecha-
nisms that cause them.

A species' susceptibility to being ecologically trapped can be
defined as the relative tendency of a single misleading environ-
mental cue to trigger a maladaptive behaviour that an animal
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prefers over higher-fitness alternatives. In this sense, interspecific
susceptibility to evolutionary traps could vary when (1) species
differ in their ability to use and weigh ancillary environmental cues
in adaptive decision making, or (2) species differ in their relative
tendency to prefer more extreme or intense forms of a cue than
those that occur in nature (Robertson et al., 2013; Tinbergen, 1951).
Yet, susceptibility to traps could also vary among taxa if species are
more or less likely to encounter them in space, as a function of their
typical range of movement, for example. An ecological trap in close
proximity to a high-quality habitat may be disproportionately
effective in attracting individuals to settle because it is more easily
detected. Alternatively, animals might find spatially isolated
ecological traps disproportionately attractive due to a paucity of
other settlement options in close proximity. The degree to which
species vary in their sensory-cognitive and spatial susceptibility to
ecological traps remains uninvestigated. This knowledge is crucial
in that it illustrates how robust wildlife species are to ecological
novelty, the degree to which an animal's likelihood of getting
trapped is context dependent and whether conservation scientists
can anticipate whether strategies designed to eliminate an
ecological trap affecting one species will be effective in eliminating
it for other species also caught in that trap.

Perhaps the most well-understood example of an ecological trap
occurs when emergent aquatic insects are attracted to lay their eggs
upon man-made objects that are strong sources of horizontally
polarized light (reviewed in Horv�ath, Kriska, Malik, & Robertson,
2009; Horv�ath & Zeil, 1996; Schwind, 1985). The dominant terres-
trial source of polarized light on earth has always been the water
surface, due to its ability to reflect horizontal polarization stronger
than vertical polarization, the consequence of which is horizontally
polarizedwater-reflected light withmaximal degree (or percentage)
of polarization at the Brewster angle (Horv�ath & Varjú, 2004;
Horv�ath, 2014). In response to this highly reliable and nearly
unique environmental cue, natural selection has shaped all known
insects that require fresh water bodies to survive or reproduce with
an eye capable of detecting the angle of polarized light (Horv�ath &
Varjú, 2004; Horv�ath, 2014). The percentage (or degree) of hori-
zontal polarization of water-reflected light (hereafter d) depends on
the smoothness of the water surface and on the reflectivity of the
water body (bottom and/or suspended materials), with darker,
smoother objects reflecting a higher d (also known as ‘Umow's law’:
Umow, 1905). The d for natural water bodies ranges from ~30% to
80% (Horv�ath, 2014), but humans have populated the earth with
objects that act as artificial polarizers that commonly polarize
95e100% of reflected sunlight (e.g. solar panels: Horv�ath et al., 2010;
glass buildings: Kriska, Bern�ath, Farkas, & Horv�ath, 2009; automo-
biles: Kriska, Csabai, Boda, Malik, & Horv�ath, 2006; asphalt: Kriska,
Horv�ath, & Andrikovics, 1998). Adults of insect species with aquatic
life-history phases commonly prefer to swim on, dive into (Kriska
et al., 2006; Schwind, 1985, 1991, 1995) or sexually display and
mate above, then touch down and lay eggs on (Horv�ath, 2014;
Horv�ath et al., 2010; Kriska et al., 1998, 2006; Kriska, Malik,
Sziv�ak, & Horv�ath, 2008; Lerner et al., 2008, 2011) artificial polar-
izing surfaces that approximate or exceed the d of water.

Current evidence suggests that polarized light is the most
important, perhaps only, sensory cue that many freshwater aquatic
insect species use in locating water bodies (Horv�ath, 2014; but see
Bern�ath, Horv�ath, & Meyer-Rochow, 2012). When exposed to a
higher versus lower degree of polarization, insects are typically
more attracted to the higher value (Boda, Horv�ath, Kriska, Blah�o, &
Csabai, 2014; Horv�ath & Zeil, 1996; Horv�ath, Bern�ath, & Moln�ar,
1998; Horv�ath, M�ora, Bern�ath, & Kriska, 2011; Kriska et al., 1998).
A behavioural reaction norm is a visualization of the behavioural
responses produced by individuals as a function of different envi-
ronments or stimuli. Because the shape of a reaction norm

determines whether or not there is an ecological trap present,
demonstrating relative susceptibility to artificial polarizers versus
water bodies requires higher-resolution behavioural maps that
compare attraction among d values typical of land (<30%) or water
(~30e80%; Horv�ath, 2014) and those that are only produced by
man-made objects (80e100%; but see Lerner et al., 2008: Chiro-
nomidae; Kriska et al., 2009: Odonata).

We designed a field-based experiment to (1) assess the relative
susceptibility of ecologically similar aquatic insect taxa to ecolog-
ical traps triggered by a single maladaptive behavioural cue: vari-
ation in the d of horizontally polarized light, and (2) quantify how
distance from a natural, high-quality habitat affects the relative
attractiveness of ecological traps. We chose aquatic flies (Diptera)
as our focal taxon because they are an abundant and diverse group
of aquatic insect known to be attracted to horizontally polarized
light: Dolichopodidae (Horv�ath et al., 2010), Ceratopogonidae
(Robertson et al., 2017), Empididae (Robertson et al., 2017), Simu-
liidae (Robertson et al., 2017), Chironomidae (Horv�ath et al., 2011;
Lerner et al., 2011, 2008; Robertson et al., 2017). We created
behavioural reaction norms by examining the numerical response
of insects caught in oil traps that varied in the percentage of re-
flected sunlight they polarized (d), and we examined the influence
of trap distance from natural water bodies in shaping reaction
norms by placing rows of traps varying in their d at three distances
from river banks.

METHODS

Study Sites and Experimental Design

We designed the experiment with five polarization treatments
(Fig.1a). Two represented degrees of polarization (87% and 99%) that
do not exist in nature, but are typical of artificial polarizers (e.g.
Horv�ath et al., 2010; Kriska et al., 1998, 2008). Two treatments (28%
and 51%) were typical of natural bodies of water, and the final (16%)
was only typical of certain (white) man-made objects or land
(reviewed in Horv�ath, 2014). Two of our treatments mimicked the
visual characteristics of natural water bodies, and did so at each of
the three distances we examined in our experiment. We interpret
relative captures among these water-typical polarization treatments
between distance categories as reflective of the underlying distri-
bution of insects in each taxon. Within distance categories, differ-
ences in relative captures are indicative of the relative preferences
that individuals have for each polarization treatment. We selected
study sites on five tributaries of the Hudson River in southern New
York State, U.S.A. (Fig. 1b). Study locations were located in sparsely
populated areas along heavily forested river corridors. We chose
residential properties that maintained mown lawns extending from
the high water line inland at least 60 m to ensure sufficient area for
our experiment and so that vegetation would not impede insect
lines of sight towards experimental test surfaces.

In 2012, we trapped flying emergent aquatic insects under clear
skies three times at each site: 19 Maye3 June (Visit 1); 4e16 June
(Visit 2); 19e25 June (Visit 3). Each trapping session lasted for
120 min, ending exactly 30 min after sunset. Diurnal aquatic insect
taxa are most active at sunset, in part because polarotactic water
detection is easiest at lower solar elevations (Bern�ath, G�al, &
Horv�ath, 2004). Furthermore, at low sun elevations the reflected
polarization cues are more stable and reliable in comparison to the
intensity cues (Lerner et al., 2008). We placed one of each of five
shades (white, black and three shades of grey) of oil-trap in a row
parallel to the riverbank at three distances: 5 m, 10 m, 50 m
(Fig. 1b). Each row of trays was centred upon a 2 � 8 m piece of
black plastic tarpaulin that acted as a strong polarizer attracting
insects to the general location of the experimental trays (Kriska
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