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ABSTRACT ARTICLE HISTORY
Amber contains numerous well-preserved adult aquatic insects (e.g., aquatic beetles — Coleoptera, water Received 10 August 2019
bugs - Heteroptera, dragonflies — Odonata, caddisflies — Trichoptera, mayflies — Ephemeroptera, stone flies — Accepted 1 September 2019

Plecoptera). Since amber is fossilised resin of terrestrial conifer trees, it is an enigma how aquatic insects

KEYWORDS
have ended up in the resin. Based on field studies in a Hungarian forest along a freshwater creek we suggest

Amber; tree resin; aquatic

that tree resin traps water-seeking flying polarotactic aquatic insects because of its property to polarise insect; polarotaxis;

reflected light. The sticky tree resin was modelled by a water-proof, transparent, colourless insect- polarisation vision; water
monitoring glue laid on vertical and horizontal fallen tree trunks next to the creek. Adults of various detection; visual ecology;
polarotactic aquatic insect species were trapped only by the horizontal sticky trunk. In earlier field experi- actualistic palaeontology

ments we showed that these insects find water by means of the horizontal polarisation of water-reflected
light, and therefore are attracted to and land on all surfaces which reflect horizontally polarised light. Using
imaging polarimetry, we revealed the criterion of polarisation-based trapping by resiny tree trunks.
According to our observations, flying aquatic insects can be trapped by sticky (resiny) regions of fallen
tree trunks that reflect horizontally polarised light and thus attract polarotactic species. The resin continues
to flow out of the trees even when fallen over or fractured in a storm. Our findings support and complement
an earlier hypothesis, according to which amber-preserved adult aquatic insects have been trapped by
resiny bark when they dispersed over land.

Introduction in small water drops in resin (Schmidt and Dilcher 2007). (3)
Wind blew carcases of dead aquatic insects onto resin out-
flows (Jazdzewski and Kulicka 2000; Keyser and Weitschat
2005). (4) Insects associated with water were trapped for
whatever reason when they dispersed over land (Poinar
1992; Wichard and Weitschat 1996).

Until now only hypothesis 3 has been supported by field
studies in a recent swamp forest performed by Schmidt and
Dilcher (2007). In this work we concentrate on hypothesis 4,
assuming an active flight of aquatic insects over land. It is,
however, unclear why these dispersing aquatic insects alight
on resiny bark. It has been supposed that they were attracted
to the resin of conifer trees, because the resin glittered and
sparkled like water (Poinar 1992; Wichard and Weitschat
1996). Here we present experimental evidence for hypothesis
4 showing that water-seeking flying polarotactic aquatic
insects do indeed alight on sticky bark based on the attrac-
tiveness of water-imitating reflection-polarisation rather than
lured simply by the sparkling glitter of the resin.

The receptor-physiological and behavioural basis of our
finding is the fact that flying aquatic insects find water-
bodies by seeing the horizontal polarisation of light reflected
from the water surface (Schwind 1991; Kriska et al. 1998,

Fossil remains of many different insect species have been
found in amber (Poinar 1993; Grimaldi 1996; Weitschat and
Wichard 2002; Perkovsky et al. 2003, 2007). About one quar-
ter of all insects in amber are insects with aquatic larvae
(Poinar and Poinar 1999; Poinar and Milki 2001; Kaddumi
2007; Kraemer 2007; Kraemer 2010; Perkovsky et al. 2010;
Weitschat and Wichard 2010). Since amber is fossilised resin
of terrestrial conifer trees, it is an enigma how primary and
secondary aquatic insects got into resin. The larvae and adults
of primary aquatic insects live in water (e.g. water beetles —
Coleoptera), while in the case of secondary water insects only
the larvae live in water and the adults are terrestrial (e.g.
dragonflies - Odonata, crane flies — Tipulidae, horseflies —
Tabanidae). The origin of adult aquatic insects in amber have
been explained with the following hypotheses: (1) Resin flo-
wed into water-filled treeholes and the aquatic insects living
in these tiny water bodies were trapped by resin (Poinar et al.
1993; Schoborn et al. 1999; Miller 2003). (2) Tree resin flowed
down from the bark to the forest floor and contacted with
water bodies or flowed directly into water. Aquatic insects
became attached to the surface of liquid resin and struggled
deeper into it, or were covered by new resin, or were enclosed
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2009). Water insects detect horizontally polarised light with
the ventral region of their compound eyes possessing specia-
lised polarisation-sensitive photoreceptors (Horvath and
Csabai 2014). In numerous experiments it has been shown
that more than 350 aquatic insect species are attracted to
horizontally polarised light even if its intensity is much smal-
ler than that of unpolarised light (reviewed by Horvath and
Varja 2004). It was also proven that in the detection of water
bodies the primary cue is the horizontal polarisation of water-
reflected light, and other cues (e.g. colour, glittering, smell,
taste, sound, temperature) play a secondary role (reviewed by
Horvath and Csabai 2014).

If in flight water insects perceive horizontally polarised
reflected light coming from below, they are attracted to this
light source and land on it or touch it. Once they locate
a water surface, primary aquatic insects (i.e. larvae and adults
of species living in the water, e.g. water beetles — Coleoptera)
land on the water surface or take the plunge into water. On
the other hand, secondary aquatic insects (the larvae of which
live in water, but whose adults are terrestrial, e.g. dragonflies —
Odonata, mayflies — Ephemeroptera, or tabanid flies -
Tabanidae) sporadically land on or plunge into the water,
they usually only touch the water surface when laying eggs
into the water, or they test the quality of the water, drink, or
bathe in it for thermoregulation. All these water-specific
reactions of aquatic insects require at least one contact with
the water surface. Yet just this one contact can be lethal for
them, namely if the reflecting surface is not water but a shiny,
horizontally polarising, resiny surface, which is sticky and not
likely to allow an insect that has touched it to escape from it.

To support our explanation, we performed field experi-
ments and carried out observations along a Hungarian forest
creek known to be home to many different aquatic insect
species. We modelled the reflection-polarisation characteris-
tics of resiny trees using sticky tree trunks of different col-
ourations. We measured their optical characteristics with
imaging polarimetry, and photodocumented the insects cap-
tured by these sticky traps. We showed that (1) horizontally
polarising sticky bark does attract water-seeking flying aqua-
tic insects, and (2) many different insects (both aquatic and
terrestrial) can be trapped by certain sticky tree trunks in the
vicinity of a creek. These two findings satisfy the main pre-
requisite of our explanation: visual attraction of flying polar-
otactic aquatic insects to horizontally polarised light reflected
from certain fallen tree trunks with patches of oozed-out
resin.

Materials and methods
Field experiments

We performed four field experiments and observation cam-
paigns in June 2018 from 17:00 to 21:00 (= UTC + 2 hours)
on warm days (with minimum and maximum air tempera-
tures 20 and 34 °C, respectively) in the North Hungarian
Mountains close to the village of Démoérkapu along an
asphalt road running parallel to the Biikkds Creek (47° 41’
45” North, 18° 59' 50” East). The study area was a Hungarian
nature reserve rich in flora and fauna including numerous

terrestrial and aquatic insect species. At the time of our
observation several species of mayfly as well as other aquatic
and terrestrial insect species swarmed and flew around.
Experiment 1 was performed on 11 and 14 June 2018 between
17:00 and 21:00 (= UTC + 2 hours) and the captured water
insects were collected at the end of the test. Experiments 2, 3
and 4 were carried out between 4 and 10 June 2018. The
trapped insects were photographed, collected and identified
daily. In the case of dragonflies and chironomids, males and
females were distinguished, and for mayflies, besides sex,
subimagoes and imagoes were also identified.

In experiment 1 we deployed four plastic trays (50 cm x
50 cm x 3 cm) on the asphalt road along a straight line 1 m
apart from each other (Supplementary Fig. S1). The bottom
of the plastic trays was covered with a single layer (~ 6 mm)
of pine bark. The bark pieces were fixed to the plastic bottom
with a universal glue called Palmatex (Henkel Hungary Ltd.,
Budapest, www.pattex.com). Each tray and its bark layer were
painted to the same colour (black, light brown, dark brown,
white) with common spray paints. Into each tray
a transparent, yellowish cooking oil (Vénusz® sunflower
grain oil, Bunge Ltd., Martfti, Hungary) was filled up to the
half mark (3 mm) of the height (6 mm) of the bark layer.
These trays modelled the horizontal sticky (resiny) regions of
fallen tree trunks with the mentioned colours. All insects
which touched the oily bark were trapped. The order of
these insect traps was randomised in 30 min intervals. The
temperature of the traps was measured with a contact ther-
mometer (GAO Digital Multitester EM392B 06554H,
EverFlourish Europe Gmbh., Friedrichsthal, Germany) with
nominal precision of +1 °C. The experimental site was sur-
rounded by trees, thus the surfaces were illuminated mainly
by the down-welling skylight and light reflected from the
green vegetation.

In experiment 2 dark brown, black and white tree trunk
groups were laid on the dark grey asphalt road along
a straight line 1 m apart from each other (Supplementary
Fig. S2). Each group (60 cm X 60 cm x 15 cm) consisted of
four half wood pieces (30 cm x 30 cm x 15 cm), each piece
being half of a cylindrical clog (diameter: 30 cm, height:
30 cm). The clogs originated from a dry walnut-tree, and
their originally grey bark surface was painted with the same
spray paints as in experiment 1. The painted bark surfaces
were covered by a transparent, colourless, odourless, weather-
proof, insect-monitoring glue (BabolnaBio®, Hungary).

In experiment 3 we selected three neighbouring maple
trees on the shore of the creek. Two of their vertical trunks
were painted black and white (with the spray paints used in
experiment 1) between 1 and 2 m height from the ground
(Figure 1). The painted bark areas faced towards the creek
and were covered with insect-monitoring glue used in experi-
ment 2. The third trunk was simply covered with the adhe-
sive. The insects trapped by these sticky trunk regions were
photographed, collected and identified.

In experiment 4 we selected three fallen horizontal brown
maple tree trunks which overarched the creek and covered the
upper half of their bark surface with the insect-monitoring glue
used in experiment 2 (Figure 2). The insects trapped by these
sticky trunk areas were photographed, collected and identified.


http://www.pattex.com

blaek

brown

photograph

T IS
o pe B2 R
sl
P,

degree of
polarization d

brown

angle of
polarization o

HISTORICAL BIOLOGY 3

degree of linear
polarization d

0% 100%

i
white

angle of polarization

o from the vertical
0°

Figure 1. Photographs and patterns of the degree d and angle a of linear polarisation of the sticky real brown, painted black and painted white vertical maple tree
trunk pieces measured with imaging polarimetry in the green (550 nm) spectral range in field experiment 3. The polarimeter’s optical axis was horizontal. The trunks
were in the shade of trees and thus illuminated by light from the clear sky and the surrounding vegetation. In the a-pattern the white bars show the local direction

of polarisation of the painted bark.

Imaging polarimetry

Both primary and secondary aquatic insects are polarotactic, i.e.,
they are attracted to (among other cues) the horizontal polarisa-
tion of water-reflected light when looking for water bodies
(Horvath 2014). Therefore, we measured the reflection-
polarisation characteristics of the sticky targets used in our field
experiments with imaging polarimetry (Horvath and Varja 1997,
2004) in the red (650 nm), green (550 nm) and blue (450 nm) parts
of the spectrum. The targets were in the shade of trees and
illuminated by light from the clear sky and the surrounding
vegetation. We also measured the reflection-polarisation charac-
teristics of the colourless insect-monitoring glue used in experi-
ments 2-4, the yellowish cooking oil used in experiment 1,
a yellowish Canada balsam, and a brown pine resin dissolved in
isopropyl alcohol under shady and sunlit conditions when the
Petri dishes containing these sticky liquids were on a black, brown
and white substrate. The colour of these four sticky liquids model
well that of fresh tree resins which can range from translucent
white through light yellow to brown/reddish (Henwood 1993;
Grimaldi 1996).

Statistical analysis

For comparing the numbers of trapped insects in a given
experiment, we used X” tests of homogeneity with the use
of the R statistical package v3.6.0 (R Core Team 2013).

Results

Reflection-polarisation characteristics of sticky tree
trunks

The black, dark brown, light brown and white horizontal oil
traps laid out on the asphalt road in experiment 1 reflected
horizontally (angle of polarisation from the vertical a = 90°)
polarised light (Supplementary Figs. S1, S3). The black and
the two brown traps reflected light with high degrees of linear
polarisation d > 80% at the Brewster’s angle [= arctan
(n = 1.5) = 56.3° from the vertical for refractive index
n = 1.5 of oil and pine resin, Ribeiro and Bernardo-Gil
(1990)], while the white trap reflected only weakly polarised
light with d < 30% (Supplementary Figs. S1, S3). The highly
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Figure 2. Photographs and patterns of the degree d and angle a of linear polarisation of the sticky region of two fallen horizontal brown maple tree trunks (a and
b are the same but seen from two different viewing directions) overarching the mountain creek used in experiment 4 measured with imaging polarimetry in the
green (550 nm) spectral range. The tilt angle of the polarimeter’s optical axis was —35° from the horizontal. In the a-pattern the white bars show the local direction
of polarisation of the sticky bark region. In case a and b the scene was in the shade of trees and illuminated by light from the clear sky and the surrounding
vegetation. In case ¢, beyond skylight, the scene was illuminated from the left side by direct light of the setting sun.

and horizontally polarised signal of the black and brown traps
was attractive to water-seeking polarotactic aquatic insects,
while the weakly and horizontally polarised signal of the
white trap was unattractive.

The sticky dark brown and black horizontal tree trunk pieces
used in experiment 2 reflected light with high degrees of hor-
izontal polarisation (d > 80%) at the Brewster’s angle, while the
sticky white horizontal tree trunk pieces reflected only weakly
(d < 15%) and not always horizontally, but also obliquely and
vertically polarised light (Supplementary Fig. S2). The highly
and horizontally polarised light from the black and brown trunk
pieces was attractive to water-seeking aquatic insects, while the
weakly and not horizontally polarised light from the white trunk
pieces was practically unattractive.

The sticky dark brown, black and white vertical tree trunk
pieces in experiment 3 reflected obliquely or vertically
polarised light (Figure 1). The black trunk was most
(d < 50%) and the white trunk least polarising (d < 15%),
wile the brown trunk was inbetween (d < 30%). Due to the
non-horizontal direction of polarisation of trunk-reflected
light, all three vertical trunks were unattractive to water-
seeking polarotactic aquatic insects.

The sticky regions of the two nearly horizontal brown
fallen tree trunks overarching the creek in experiment 4
reflected highly polarised light (d > 60%) at the Brewster’s
angle (Figure 2). When the trunks were illuminated by light
from the clear sky and the surrounding vegetation the trunk-
reflected light was horizontally polarised (Figure 2(a,b)).
When, however, the trunk was lit by direct light of the setting
sun, the trunk-reflected light was oliquely polarised (Figure 2
(c)). Thus, in the former two cases the sticky trunks were

attractive to aquatic insects, while in the latter case the sticky
trunk was unattractive.

Figure 3 shows the patterns of the degree and angle of
polarisation of the colourless insect-monitoring glue used in
experiments 2-4, the yellowish cooking oil used in experi-
ment 1, a yellowish Canada balsam, and a brown pine resin
dissolved in isopropyl alcohol measured with imaging polari-
metry in the green (550 nm) spectral range under shady and
sunlit conditions when the Petri dishes containing these
liquids were on a black, brown and white substrate. On
dark (black, brown) substrates there are no significant differ-
ences in the reflection-polarisation characteristics of these
four liquids reflecting light with medium (d < 55%) degrees
of horizontal polarisation. However, on bright (white) sub-
strates, bright (colourless whitish or light yellowish) resins
can reflect light with low (d < 10%) degrees of vertical (in
shade) or horizontal (in sunshine) polarisation. Only dark
(brown) resins can reflect light with medium (d < 55%) hor-
izontal polarisation on bright substrates.

Insects captured by the sticky traps and tree trunks

In experiment 1, the black, dark brown, light brown and
white oil traps captured 989, 461, 273 and 5 chironomids,
respectively (Table 1). According to x> test of homogeneity,
these differences are statistically significant (x> = 1200.7,
df = 3, p < 0.0001). Hence, the darker the trap, the more
attractive it was to polarotactic chironomids, which detect
water by polarotaxis (Lerner et al. 2008; Horvath et al.
2011). In experiment 2, only 5 and 11 mayflies were trapped
by the dark brown and black sticky tree trunks, respectively.
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Figure 3. Photographs and patterns of the degree d and angle a of linear polarisation of the colourless insect-monitoring glue used in experiments 2-4 (1), the
yellowish cooking oil used in experiment 1 (2), a yellowish Canada balsam (3), and a brown pine resin dissolved in isopropyl alcohol (4) measured with imaging
polarimetry in the green (550 nm) spectral range under shady (left column) and sunlit (right column, when the sun shone frontwise) conditions when the Petri
dishes containing the sticky liquids were on a black, brown and white substrate. The tilt angle of the polarimeter’s optical axis was —65° from the horizontal. In the
a-patterns the white bars show the local direction of polarisation of the liquid surface.

Table 1. Number of the chironomid flies trapped by the black, brown, light
brown and white trays padded with bark and filled with cooking oil in experi-
ment 1. x? test of homogeneity yielded significant differences among the sums
(x* = 1200.7, df = 3, p < 0.0001).

oil trap
date, time period black  dark brown light brown  white
11 June 2019, 19:30-21:20 573 248 124 3
14 June 2019, 19:30-21:20 416 213 149 2
sum 989 461 273 5

In experiments 3 and 4 the number of specimens of
various aquatic insect taxa trapped by the sticky trunk areas
(Figures 4-9) are given in Table 2. The brown, black and
white vertical sticky barks trapped 10, 9 and 9 different non-
aquatic taxa, respectively. The total number of trapped taxa
on these sticky vertical trunks was 13, while the horizontal
trunk catched 14 aquatic insect taxa. Regarding the numbers
of trapped individuals, it is clear that the vertical brown and
black barks captured nearly the same amount of specimens
(Nbrown = 26, Npjaee = 23) and the white one was approxi-
mately half as attractive (Nypie = 11). According to X2 tests

performed with equal expected catch values, there were sig-
nificant differences in the trapping efficiencies of these three
vertical surfaces ()(2 = 6.3, df = 2, p < 0.05). The white trunk
trapped significantly fewer aquatic insects than the brown and
black ones (white versus brown: x> = 6.1, df = 1, p < 0.05;
white versus black: x* = 4.2, df = 1, p < 0.05; brown versus
black: x* = 0.18, df = 1, p = 0.67). The total number of insects
found on the sticky horizontal brown fallen trunk was
Nhorizontal = 60. Taking into account that the sticky area on
the fallen trunk was two times greater than the corresponding
area on the vertical barks, it is clear that the surface density of
the trapped insects was very close to that of the brown vertical
sticky bark.

In the case of mayflies, additional information is given
in Table 2. Except for one single imago (Figure 4(f)), all the
14 mayflies trapped by the vertical trunks were poorly
flying subimagoes (Figure 4(a-e)). The subimago state
occurs in the case of the development of males and females
after which another moult leads to the final imago state,
thus only immature mayflies were trapped by the vertical
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Figure 4. Mayflies trapped by the real brown (a-b), painted black (c-d) and painted white (e—f) vertical sticky barks in experiment 3. (a, c) Female Ephemera danica
subimagoes. (b—d) Female Rhithrogena semicolorata subimagoes. (e) Male Ephemera danica subimago. (f) Male Epeorus silvicola imago.

Table 2. Numbers of trapped aquatic insects on the three vertical (real brown, painted black, painted white) and one horizontal (real
brown) sticky trunk surfaces. Females and males are indicated by ‘f and ‘m’ in brackets, respectively. In the case of mayflies
(Ephemeroptera), ‘s’ and ‘i’ denote subimago and imago. x* test of homogeneity yieldedsignificant differences among the sums of
specimens (x> = 6.3, df = 2, p < 0.05).

vertical horizontal
aquatic insect taxa brown black white brown
Ephemeroptera Ephemera danica 3s 7s 1s 9i (3m+6f)
Epeorus silvicola 0 0 1i 4i (4m+0f)
Rhithrogena semicolorata 2s 1s 0 21i (8m+13f)
Odonata Calopteryx virgo 3 (Tm+2f) 2 (Tm+1f) n 2 (2m+0f)
Megaloptera Sialis sp. 1 0 0 0
Plecoptera Chloroperla sp. 0 1 0 3
Isoperla tripartita 0 0 1 2
Nemoura cinerea 5 5 2 7
Perla burmeisteriana 1 0 0 0
Trichoptera Limnephilidae 0 0 1 1
Rhyacophilidae 1 3 1 0
Philopotamus sp. 4 1 0 0
Hydropsychidae 2 1 1 1
Coleoptera Colymbetes fuscus 0 0 0 1
Diptera Tipulidae 4 2 2 4
Chironomidae 0 0 0 3 (0m+3f)
Tabanidae 0 0 0 1
Eristalis sp. 0 0 0 1
sum of taxa 10 9 9 14
total sum of taxa 13 14
sum of specimens 26 23 11 60
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Figure 5. Mayflies trapped by the horizontal sticky bark in experiment 4. (a—b) Male and female Ephemera danica imagoes. (c) Male Epeorus silvicola. (d) Female
R. semicolorata with her egg-batch.

Figure 6. (a—f) Aquatic insects trapped by the painted black vertical sticky bark in experiment 3. (a) Beautiful demoiselle (Calopteryx virgo) female. (b) Female C. virgo
exhausted during emergence. (c-d) Stoneflies (Plecoptera). (c) Common forestfly (Nemoura cinerea). (d) Sallfly (Chloroperla sp.). (e) Caddisfly (Rhyacophilidae). (f)

Crane fly (Tipulidae).

trunks. The horizontal sticky trunk trapped both sexes of batches were often found next to the trapped females
mayflies and only imagines (Table 2, Figure 5). Laid egg- (Figure 5(d)).
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Figure 7. Aquatic insects trapped by the real brown vertical sticky bark in experiment 3. (a) Beautiful demoiselle (Calopteryx virgo) male. (b) Male C. virgo exhausted
during emergence. (c-d) Stoneflies (Plecoptera). (c) Common forestfly (Nemoura cinerea). (d) Nymphal skin of Perla abdominalis. (e) Alderfly (Sialis sp.). (f-g)

Caddisflies. (f) Philopotamus sp. (g) Hydropsychidae. (h) Crane fly (Tipulidae).

Discussion

Based on the fact that insect imagines with an obligate aquatic
larval stage were frequently preserved in amber (Wichard and
Weitschat 1996; Poinar and Poinar 1999; Weitschat and
Wichard 2002), it can be assumed that ponds, lakes and
creeks must have been abundant in amber forests. About
50% of modern tree resin solidifies on the bark (Henwood
1993). Thus, the origin of aquatic insect fossils in amber can
be explained with the assumption that the tree resin oozed
out onto the bark trapping flying water-seeking insects in
what we now call amber forests (Poinar 1992; Wichard and
Weitschat 1996).

The notion expressed by Poinar (1992) and Wichard and
Weitschat (1996) that water-seeking insects when they dis-
persed over land were attracted to the glistening resin of trees,
is supported by our observations, but these authors failed to

explain what exactly it was that aquatic insects found so
irresistable with regard to the tree resin. Until now there
had not been any experimental and observational evidence
for the reality of the suggested trapping mechanism. To reveal
the possibility that tree resins entrapped aquatic insect ima-
gines because of the resin’s appearance in reflected light, we
studied the extent to which resin-imitating adhesives on tree
trunks would lure and trap water-seeking flying limnetic
insects. Our studies were conducted in a forest along
a creek where flying aquatic insects were abundant. After
covering the bark of some vertical trees and horizontal tree
trunks with a colourless, transparent, odourless and weather-
proof glue, we were able to investigate attractiveness and
efficiency in trapping aquatic insects of the various sticky
barks.

The result shows that only horizontally polarising sticky
bark areas could trap aquatic insects. If the sticky bark
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Figure 8. Aquatic insects trapped by the painted white vertical sticky bark in experiment 3. (a) Nymphal skin of Calopteryx virgo. (b—c) Stoneflies (Plecoptera). (b)
Common forestfly (Nemoura cinerea). (c) Isoperla tripartita. (d—e) Caddisflies (Trichoptera). (d) Rhyacophilidae. (e) Limnephilidae. (f) Crane fly (Tipulidae).

Figure 9. Aquatic insects trapped by the real brown horizontal sticky bark in experiment 4. (a) Beautiful demoiselle (Calopteryx virgo) male. (b-d) Stoneflies
(Plecoptera). (b) Common forestfly (Nemoura cinerea). (c) Isoperla tripartita. (d) Sallfly (Chloroperla sp.). (e) Caddisfly (Limnephilidae). (f) Diving beetle (Colymbetes
fuscus). (g) Female non-biting midge (Chironomidae). (f) Crane fly (Tipulidae). (h) Horsefly (Tabanidae).
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reflected vertically or obliquely polarised light, no water
insects were attracted, thus no such insects could become
stuck in the resin-like glue. This was revealed by imaging
polarimetry with which we measured the reflection-
polarisation patterns of the sticky tree trunks used in our
field experiments. The main reason for the differences in the
degree of polarisation of light reflected from differently
coloured tree trunks was the colour itself. According to the
rule of Umow (1905), the darker a surface in a given spectral
range, the higher is the degree of polarisation d of surface-
reflected light. Therefore, the black tree trunks reflected light
with the highest d, brown trunks were less polarising, and
white trunks reflected light with the lowest d as clearly seen in
Figure 1 and Supplementary Figs. S1-S3.

Considering the trapping data of experiment 1, we can say
that the aquatic insects trapped by the vertical and horizontal
sticky test surfaces (Figures 4-9) represent the local fauna
well (Andrikovics 1991). The total number of captured insects
by the vertical sticky trunks was quite low, furthermore it is
clear that the surface brightness had a relevant effect, and the
brightest (white) surfaces trapped the smallest number of
specimens.

On the other hand, the low catches on these vertical trunks
indicate that these surfaces did not elicit such reaction that could
lead to the mass trapping of aquatic insects. Although both
vertical and horizontal sticky barks trapped most of the aquatic
insect taxa being abundant at the experimental site, the order
Ephemeroptera showed the most interesting behaviour, because
the vertical surfaces trapped only subimagoes, while the hori-
zontal trunk caught exclusively imagines (Table 2).

We suggest that the horizontally polarised light reflected
from the sticky fallen tree trunk was the main reason for this
result, because horizontally polarised light reflected from any
surfaces can deceive and attract polarotactic aquatic insects
like mayflies (Egri et al. 2017). The sticky vertical barks
reflected light with directions of polarisation far from the
horizontal, thus these surfaces were not attractive to water-
seeking aquatic insects. After emergence, mayfly subimagoes
usually search any kind of nearby object to land on and moult
into an imago. Consequently, their trapping on the vertical
sticky trunks could happen incidentally without any motiva-
tion related to polarotaxis or seeking water surfaces. This case
could be similar for the beautiful demoiselle (Calopteryx
virgo) nymphs that crawled out from the creek directly onto
the sticky surface and then become trapped in the middle of
the act of emergence (Figures 6(b), 7(b), 9(a)) just like it has
been found in real amber (Bechly and Wichard 2008;
Wichard et al. 2009).

The taphonomy of flying polarotactic aquatic insects is the
same as that of other flying terrestrial insects that get stuck on
resin surfaces and are enclosed by successive resin outflows.
However, the mechanism of attraction is different: aquatic
insects are positively polarotactic, and thus are lured by the
horizontally polarised resin-reflected light, rather than simply
by the glittering of the shiny resin surface.

There are many different artificial surfaces and objects
that mimic water by means of the horizontally polarised
light reflected from them (Horvath et al. 2014): crude oil
ponds, dark grey asphalt roads, black plastic sheets, glass

surfaces, dark car bodies, black gravestones, solar panels:
in fact all shiny dark surfaces that reflect horizontally
polarised light. The attraction of polarotactic aquatic
insects to these artificial surfaces has the negative conse-
quence that the eggs laid onto these dry surfaces perish
due to dehydration, and the polarised signal can fre-
quently be so strong that the adults cannot escape from
it and perish as well because of exhaustion or dehydra-
tion (Horvath and Kriska 2008). This visual phenomenon
is called polarised light pollution (Horvath et al. 2009;
Egri et al. 2017). Our explanation of the trapping of
water-seeking aquatic insects by resin is essentially an
ancient type of polarised light pollution with, however,
minimal or no evolutionary consequences as aquatic
insects still interpret horizontally polarised light with
water.
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