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Through birds’ eyes: insights into avian sensory ecology
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The Woodcock’s world: tactile guided nocturnal

foraging but with predators and with flight
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Fig. 3 Nocturnal foraging for buried invertebrates poses specific

sensory challenges even for flightless birds which have evolved in a

predator-free environment. In Kiwi Apteryx spp., these challenges

seem to have been met by the evolution of a suite of four particular

adaptations. (1) A bill-tip organ which provides tactile information

when the bill makes contact with buried prey. (2) The placement of

the nostrils at the tip of the bill aiding the location at short range of

potential prey and its identification when located through tactile cues.

(3) Possibly tactile cues derived from long whisker-like feathers

which grow from locations on the head especially around the mouth

opening. However, natural selection seems to have favoured the

regression of vision. The eyes are absolutely small and the frontal

binocular field is also very small with the projection of the bill tip

lying at its lower peripheral edge (a). A section through the visual

field in the horizontal plane (b) indicates that there is an extensive

blind area behind the head and the very small proportion of the field

that is devoted to frontal binocular vision. A comparison of brain

structure (c) shows that the area of the brain associated with the

analysis of visual information (visual wulst), which is usually large in

birds, does not exist in Kiwi, but that the olfactory bulb (OB) is

comparatively large. Based upon figures in Martin et al. (2007a, b, c)

1968). Kiwi provide evidence for the idea that any sensory

system can be metabolically expensive to maintain

(Laughlin 2001) with the result that, unless that sensory

system provides information which can be used to reliably

guide behaviour, natural selection will favour its regression

and loss. There are clear examples of this in other

taxa (Jeffery 2005; Leys et al. 2005), but Kiwi suggest

that the forgoing of visual information can also occur in

birds.

Compared with owls and Oilbirds, Kiwi have very small

eyes which are out of proportion with the mass of their

brains or body (Garamszegi et al. 2002; Brooke et al.

1999), presumably resulting in relatively low spatial resolution

even at high light levels (Martin et al. 2007a, b, c).

The frontal binocular field is very much reduced compared

with that of owls (Fig. 3a) and there are very extensive

blind areas about the head from which no visual information

can be retrieved (Fig. 3b) (Martin et al. 2007a, b, c).

Foraging in Kiwi is mainly mediated by sensory information

unavailable to either owls or Oilbirds. Kiwi are one

group of birds which have a bill-tip organ (Cunningham

et al. 2007). Bill-tip organs are clusters of mechanoreceptors

embedded in pits contained within the bone of the

distal portions of the mandibles, especially around the bill

tip. Kiwi are able to use these bill-tip organs to detect

invertebrate prey buried in leaf litter and soft substrates. In

addition, Kiwi are the only bird taxon that have nostrils

which open at the bill tip such that the gathering of both

tactile and olfactory information are centred upon the bill

tip. That olfactory information is much more important

than any visual information that might be obtained is

indicated by the brain structure of Kiwi (Fig. 3d). In these

brains, the area that in most birds is associated with the

analysis of visual information, the visual wulst, is absent.

However, the olfactory bulbs are relatively huge when

compared with species which mainly exploit visual information

(Martin et al. 2007a, b, c) (Fig. 3d). It has been

argued that Kiwi show clear evidence of regressive evolution

of one sensory system and the enhancement of other

systems to extract a different set of information about the

environment compared with most birds (Martin et al.

2007a, b, c). This particular range of evolutionary processes

may only have been possible in a predator-free

environment. However, they do reinforce the idea that the

metabolic costs of vision are relatively high (Laughlin

2001) and that if vision is unable to provide information

about objects of interest in the environment, then visual

information can be almost dispensed with in favour of the

enhancement of information provided through another

sensory modality.
The Woodcock’s world: tactile guided nocturnal

foraging but with predators and with flight
Like Kiwi, Eurasian Woodcocks Scolopax rusticola forage

at night and employ a bill tip organ to detect prey buried in
soft substrates (Cramp and Simmons 1983; Piersma et al.

1996). However, unlike Kiwi, Woodcocks live in a predator-

rich environment and are able to fly.

In Woodcocks, the eyes are relatively large and situated

high in the skull (Fig. 4a, b). Woodcocks exemplify an

important principle concerning the evolution of visual

fields in birds. Put simply: if there is no need to use vision

to guide the placement of the bill then natural selection

favours eyes that are placed high in the skull providing

wide visual coverage of the space around the head (Martin

2007). In Woodcocks, this visual coverage is comprehensive,

as there is no blind area above of behind the head, i.e.

there is total panoramic vision (Martin 1994) (Fig. 4e).

This is achieved because the visual fields of the two eyes

overlap throughout the 180_ that extends from in front of

the head to behind it. However, the extent of this binocular

overlap has a maximum width of only 10_ and at the

horizontal when the head is held in its typical in-flight

orientation it is only 5_. This indicates that a wide binocular

field projecting in the direction of forward travel is not

necessary for the control of flight. Thus, when freed of the

constraint to see its own bill, natural selection seems to

have favoured the evolution of comprehensive vision of the

celestial hemisphere, presumably to increase the probability

that an approaching predator will be detected.

This finding provides an interesting perspective on the

relative importance of binocular vision in birds. Thus, it

may be hypothesise that among birds there is ‘‘universal

urge’’ towards comprehensive vision and that when this is

not achieved it is because binocular vision is required for

gaining information to guide the accurate placement of bill

position (Martin 2007, 2009). This is contrary to earlier

assertions that there was a ‘‘universal urge’’ towards binocularity

(e.g. Walls 1942).

The use of tactile information in foraging is, however,

not sufficient to lead to the evolution of comprehensive

visual coverage of the celestial hemisphere. In essence,

Woodcocks use their bills more or less exclusively for

foraging, and they do not use their bill for nest construction

(nests are on the ground and are a simple scrape) or for
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Eurasian Woodcock

Scolopax rusticole.

binocular fielgh median sagittal plane extgf(ds through 180° from
directly in fronf of the head (c) to directly behind (b) = complete visual
coverage of the celestial hemisphere.
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sensory challenges seem 1o have been me by the evolution of two
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s are able o locate and identify buried prey. (2)
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chick provisioning (young are precocial self-feeders, which
require only brooding and protection) (Cramp and Sim-
mons 1983; Piersma et al. 1996).

Other birds in the same family as Woodcocks, the
Scolopacidae, which also employ tactile information from
bill-tip organs, and can forage for buried prey using tactile
cues alone (Piersma et al. 1998), do not show compre-
hensive visual coverage of the celestial hemisphere despite
them being vulnerable to avian predators when foraging in
open habitats (van den Hout et al. 2008; van den Hout
2010). Red Knots Calidris canutus are an example of such
a species. Itis in these birds that the mechanism of “remote.
touch” in which buried prey not in direct contact with the.
bill can be detected (Piersma et al. 199), was first
described. However, Red Knots have a frontal binocular
field which is narrow and vertically long which encom-
passes the bill, resulting in a blind area above and behind
the head (Martin and Piersma 2009).

‘The explanation for the occurrence in a “tactile forager”
of a visual field with characteristics that are closely similar
o those of bird species which use vision to guide the bill in
pecking or lunging at prey is that, for part of the annual
cyele (on their breeding grounds in tundra habitats), Red
Knots switch their foraging behaviour away from tactile
probing to taking surface and aerial insects (Piersma et al.
1996). Such prey is abundant but taking it requires both
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al detection and guidance of the bill. This again indi-
cates that prey detection is the primary driver of visual field
topography in birds (Martin 2007). It also indicates that it
is only when birds are freed of the need to see their own
bill tip, or rather freed of the requirement for the bill's
projection to fall more or less centrally within the binocular
portion of the visual field, that comprehensive visual cov-
erage is selected for, even though this would presumably
have great selective advantage for the detection of
predaors.

The worlds of filter feeders: ducks and flamingos

Another foraging strategy which does not require visual
information for the guidance of bill position is that of filter
feeding. In a similar fashion to tactile guided foraging.
vision cannot be used by filter feeders to detect individual
food items or to guide their capture in the bill. Water
is pumped into the mouth through the area around the
bill tip and out through lamellae at the sides of the bill
(Gottschaldt 1985).

Freed from the constraint of extracting information to
guide accurate bill placement, natural selection has led in
these birds (a5 in Woodcocks) to eyes placed high in the
skull giving total panoramic vision with binocular overlap





