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Abstract

The visual field of a bird defines the amount of information that can be extracted from the environment around it, using the
eyes. Previous visual field research has left large phylogenetic gaps, where tropical bird species have been comparatively
understudied. Using the ophthalmoscopic technique, we measured the visual fields of seven tropical seabird species, to
understand what are the primary determinants of their visual fields. The visual field topographies of the seven seabird species
were relatively similar, despite the two groups of Terns (Laridae) and Shearwaters (Procellariidae) being phylogenetically
distant. We propose this similarity is due to their largely similar foraging ecology. These findings support previous research
that foraging ecology rather than relatedness is the key determining factor behind a bird’s visual field topography. Some bird
species were identified to have more limited binocular fields, such as Brown Noddies (Anous stolidus) where binocularity
onsets lower down within the visual field, resulting in a larger blind area about the head.
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Introduction

Differences in the optical structure, size, and movement of
eyes influence the quality of images formed, and the extent
of the world seen from moment to moment (Martin 2007,
2012). The visual field of an eye, and how the fields of the
two eyes are combined, define the extent of the world from
which an animal can extract information at any instant, and
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is regarded as a key component in describing the sensory
ecology of an animal (Martin 1994). The visual field of an
animal has three main components: the monocular field
describes the extent of the world seen by each eye, the bin-
ocular field describes the region where the monocular fields
overlap, and the blind areas describe the region in which
no vision is provided (Waldvogel 1990). The cyclopean
field describes the total region about the head from which
information can be extracted at any one moment, by either
monocular or binocular vision (Fernandez-Juricic et al.
2004; Martin 1994).

Among birds, the topography of the binocular field (the
size, shape, and position of the region of binocular overlap)
shows considerable interspecific variation (Burton 2008;
Martin 2017). These variations are dependent on the extent
of the monocular field of each eye and the positioning of
the eyes in the skull (Martin 2017). In general, eyes that are
placed more laterally in the skull provide smaller binocular
fields but larger cyclopean fields. It has been hypothesized
that interspecific differences in binocular field topography
among birds are primarily influenced by species-specific
sensory requirements of foraging, rather than factors such
as shared ancestry or the guidance of locomotion (Cantlay
et al. 2019, 2023; Martin 1999; Potier et al. 2018).
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Visual fields have been determined in over 180 bird spe-
cies (Martin 2017), including 14 species of seabirds: two
species of penguins (Spheniscidae), two species of Alba-
trosses (Diomedeidae), three species of petrels and shear-
waters (Procellariidae), one species of cormorant (Phalacro-
coracidae), and two species of auks (Alcidae). In this study,
we determined the visual field in a further seven species of
seabirds which inhabit tropical regions (between latitudes
23.5° north and south): five species of terns (Laridae), and
two species of shearwaters (Procellariidae). These two taxa
are distant from each other in the phylogenetic tree, but share
a generally similar habitat and foraging technique, and we
use data on their visual fields to test further the hypothesis
that foraging technique, rather than phylogenetic relatedness,
is the primary influence on visual field topography in birds
(sensu Cantlay et al. 2023).

Materials and methods

Visual fields were measured in seven species of tropical sea-
birds from two avian families, Laridae (Charadriiformes)
and Procellariidae (Procellariiformes) (Table 1). All species
are described as foraging by dipping or foraging by plunging
(Tobias et al. 2022) (Supplementary Information Table S2).
Dipping is where food items are taken from the surface of
the water or just below while plunging (or plunge diving)
is where the bird enters the water to chase or retrieve prey
underneath the water’s surface (Duffy 1983; Haney and
Stone 1988). The estimated Laridae and Procellariidae pair-
wise divergence was 71 million years ago, and these families
are not considered close relatives (Slack et al. 2006).

Inca Terns were studied at Birdworld, Farnham, Sur-
rey, UK (51.813, —0.840°) in May and July 2023, and the
other species were studied at Aride Island Nature Reserve,
Seychelles (—4.214, 55.668°) in June 2023. All Inca Terns
were adults that had been held in captivity for several years.
Individual birds were caught in their holding enclosure using
hand nets and placed in a cloth bag and carried to a nearby
building where measurements were made. On completion
of measurements, each bird was released immediately into
its enclosure. Of the six species studied on Aride Island the

Sooty Terns and Brown Noddies were caught using hand
nets, Tropical Shearwaters, and Wedge-tailed Shearwaters
were caught by hand, and White Terns and Lesser Noddies
were caught with mist nets. All birds were adults. In both
locations, measurements of visual fields were conducted in
a darkened room, and on the completion of measurements,
each bird was released within 65 min near to its capture
location. Birds were walked from the site of capture to the
darkened room for a maximum of 10 min.

Visual field measurements

The ophthalmoscopic reflex technique was used to measure
the visual field characteristics, following the standard pro-
cedure described in previous studies (Martin et al. 2007,
Martin and Wanless 2015; Cantlay et al. 2020). Each bird
was held with its body immobilised in a foam rubber cradle
and its bill placed in a holder specially designed for each
species, with the head of the bird adopting its natural resting
position. This arrangement fixed the at-rest head position
with respect to the co-ordinate system used to characterise
the visual field (Martin et al. 2007). This technique has been
consistently applied across a wide taxonomy of avian species
and provides a reliable method for interspecific comparisons
of visual field topography (Martin 2017). The UK Animals
(Scientific Procedures) Act 1986 is not applicable due to the
procedure being non-invasive and the short period of time
(generally 30 min) for bird restraint (Martin and Portugal
2011). Spontaneous eye movements were observed in some
of the species. These refer to the observation that some bird
species have complex rotational eye movements, and the
translational effect of these movements can alter the limits
of the visual field recorded at each elevation (Martin et al.
2008). Visual field measurements were taken for the posi-
tions that the eyes spontaneously adopted when fully rotated
forward, hence converged for the front field, and provides
an estimate of maximum binocular field width (Potier et al.
2018). In each species, detailed measurements were made
only throughout the anterior portion of the visual field with
a single set of measurements made at —90° (directly behind
the head; see Fig. 1 for the explanation of co-ordinate sys-
tem) to determine the width of the blind area and thus allow

Table 1 Species studied and the
number of individuals

Order

Family

=

Species

Charadriiformes

Procellariiformes

Laridae

Procellariidae

Anous stolidus Brown Noddy
Anous tenuirostris Lesser Noddy
Gygis alba White Tern
Onychoprion fuscatus Sooty Tern
Larosterna inca Inca Tern

Ardenna pacifica Wedge-tailed Shearwater

W D W W NN W

Puffinus bailloni Tropical Shearwater
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Fig. 1 The mean angular
separation of the retinal field
margins in the anterior portion
of the visual field as a function
of elevation in the median sagit-
tal plane of the head. Positive
values indicate the width of the
binocular field, negative values
indicate the width of the blind
area. The coordinate system is
such that the horizontal plane is
defined by the elevations — 90°
(behind the head) and + 90°

(in front of the head), and 0°

is directly above the head. The
drawing shows a bird’s head

in profile with key coordinates
indicated and the visual projec-

20

tion of the eye—bill tip axis. 0
The head position shown is
approximately that spontane- —
ously adopted by an Inca Tern g
when held in the hand and =
indicates the head position at (—g
which visual field parameters S Inca Tern
were measured. The species cx_cn —— Brown Noddy
studied were; Anous stolidus = Losser Nodd
(Brown Noddies), Anous tenui- ° -2 y
rostris (Lesser Noddies), Gygis v Sogty Tern
alba (White Terns), Onychop- & Fairy Tern
rion fuscatus (Sooty Terns), o |\ L L Jf ] e Wedge-tailed Shearwater
Larosterna inca (Inca Terns), == Tropical Shearwater
Ardenna pacifica (Wedge-tailed
Shearwaters), and Puffinus
bailloni (Tropical Shearwaters).
An alternate black and white
version of Fig. 1 can be found in —40
the supplementary information
OO
+90°
-60
1 1 1 1
0 50 100 150
Elevation (°)

characterisation of the monocular fields in the horizontal The small number of species measured in this study pre-
plane. Mean visual field data for each species were deter-  cluded a full phylogenetic generalised least squares analysis

mined and used to create vertical (Fig. 2a, left panel) and  of the kind employed in the investigation of the relationship
horizontal (Fig. 2b, centre panel) sections through the visual =~ between visual fields and foraging in Anatidae (Cantlay,
fields and topographical maps of the anterior fields (Fig. 2c, et al. 2023) and Strigidae (Potier et al. 2023), and thus our

right panel) for each species.

results are descriptive.
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Fig.2 Visual fields of seven tropical seabird species. A Left panel
vertical sections of the binocular field of each species in the median
sagittal plane of the head. B Middle panel horizontal sections of the
visual field of each species, the position of the horizontal plane is
indicated by the horizontal lines shown in the vertical sections and
in the schematic head and co-ordinate diagram shown in Fig. 1. C
Right panel orthographic projection of the visual fields of each spe-
cies. These figures use the conventional latitude and longitude coor-

Results
General features of the visual fields

The general topography of the binocular visual field of all
seven species is relatively similar (Figs. 1 and 2). All spe-
cies have a vertically long and narrow binocular field, with
the visual projection of the eye bill-tip occurring within the
ventral portion of the binocular field below the point of its
maximum width. All species have a blind area which starts
in the dorsal quadrant of the frontal field and extends above
and behind the head down to the horizontal.

Interspecific differences in visual fields

Within these shared general features of the visual fields, there
are clear interspecific differences: (1) the binocular region,
from the elevation at which it could be measured below the
bill, extends vertically through between 90° (White Terns) and
125° (Inca Terns), with a mean vertical extent of 104° (mean
of all species), (2) the maximum width of the binocular fields
differed between 15° (Brown Noddy) and 32° (Inca Tern) and
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- Shearwater
Shearwater SR

AN

No data behind head

Lesser Noddy

dinate system where the equator is vertically aligned with the head’s
median sagittal plane, the grid is at 20° intervals. It should be imag-
ined that the birds’ head is placed at the centre of the sphere with the
visual field regions projected outwards onto the sphere’s surface. Col-
ours are used to indicate monocular (orange), the binocular (green),
and blind (blue) portions of the visual fields. The white and black
triangles indicates the directions of the eye bill-tip projections. See
Table 1 for species Latin names

the mean maximum width across all species equalled 26°, (3)
the maximum width of the binocular region projects above the
horizontal and lies at a mean value of 17° above the direction
of the eye bill-tip projections, (4) laterally, there are extensive
regions on monocular vision ranging from 134° (Inca Tern)
to 149° (Brown Noddy) with a mean width across all species
of 140°, and (5) in all species there is a blind region that pro-
jects into the dorsal anterior sector of the visual field, it starts
at an elevation of 55° in Fairy Terns and 25° in Inca Terns
and has a mean width across all species of approximately
35° directly above the head, (6) the width of the blind sector
directly behind the head (elevation —90°) varies between 49°
(Wedge-tailed Shearwater) and 61° (Inca Tern) with a mean
width across all species of approximately 53°.

Discussion

General characteristics of the visual fields

The visual fields of the seven seabird species show the char-
acteristics of birds which rely on visual cues to guide the
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accurate placement and accurate timing of arrival of their
bill at a target (Martin 2009). These visual field character-
istics are driven particularly by the visual tasks associated
with foraging for discrete targets, as opposed to using tactile
cues or filter-feeding techniques. The key visual field charac-
teristics that underlie this interpretation of these birds’ visual
field characteristics are the vertically long and relatively nar-
row binocular field within which the visual projection of the
bill tip is positioned below the region of maximum binocular
field width (Fig. 2). It has been argued (Martin 2009) that
this configuration serves to provide optic flow-field infor-
mation that is necessary for both accurate placement of the
bill with respect to a target and for accurate estimation of
time to contact the target, which is necessary for precise
timing of bill opening when seizing prey, along with play-
ing a pivotal role in obstacle avoidance (Bhagavatula et al.
2011). These kinds of visually guided tasks are practiced by
all species in the present sample regardless of whether they
forage using dipping for items at the sea surface or plung-
ing for items taken at or below the sea surface. Previous
studies on Procellarids documented binocular field widths
of 30°, 27°, and 32° for White-chinned Petrels (Procellaria
aequinoctialis), Grey-headed (Diomedia chrysostoma) and
Black-browed Albatrosses (D. melanophris), respectively
(Martin 1998; Martin and Prince 2001), compared to the
24° and 28° binocular width in Tropical and Wedge-tailed
Shearwaters found in the present study.

This similarity in visual field configuration between the
Laridae and Procellariidae species in this sample is note-
worthy because these taxa are not considered to be closely
related, their lineages having diverged about 71 million
mya (Slack et al. 2006). It reinforces the idea that, in birds
in general, visual field characteristics are driven primarily
by the visual demands of foraging rather than phylogeny.
This accords with similar conclusions drawn from studies
of visual fields of a larger sample of species using phylo-
genetic generalised least squares analysis in ducks, geese,
and swans (Anseriformes) (Cantlay et al. 2023) and in owls
(Strigiformes) (Potier et al. 2023).

Interspecific differences in visual fields

While there is a similarity in the overall characteristics of the
visual fields of this sample of seabirds, there are also clear
differences in the dimensions of specific aspects of their vis-
ual fields. These include differences in the maximum width
and vertical extent of binocular fields, and positions of the
binocular field relative to the eye bill-tip projection. These
differences are relatively subtle compared with the wide
range of visual field configurations recorded in birds (Mar-
tin 2017). However, it has been shown that relatively small
differences in visual field topography among closely related
birds can be accounted for by consideration of differences

in foraging behaviour and diet, and the nature of the associ-
ated visual challenges of different foraging task. This has
been shown in comparisons between visual fields and for-
aging behaviour among species of ibis (Threskiornithidae)
(Martin and Portugal 2011), ducks (Anatidae) (Guillemain
et al. 2002; Martin et al. 2007), auks (Alcidae) (Martin and
Wanless 2015), plovers (Charadriidae) (Martin and Piersma
2009; Cantlay et al. 2019), vultures and hawks (Accipitri-
dae) (Portugal et al. 2017; 2023), and petrels (Procellariidae)
(Martin and Prince 2001).

These studies suggest that visual fields can be fine-tuned
to specific aspects of the foraging ecology of species within
the broad parameters required for successful visually guided
foraging. The particular ways in which the interspecific dif-
ferences in the visual fields of the shearwaters and terns
described here can be interpreted with respect to different
foraging tasks require a detailed analysis of these species’
foraging ecology and behaviours. For example, differences
between the visual fields of Inca and Noddy Terns are
likely to result from differences in the tasks of detecting
and acquiring their preferred prey types. Brown Noddies
are described as feeding, “mainly by hover-dipping and con-
tact-dipping; regularly food patters at surface. .. usually does
not plunge-dive. Captures flying-fish in air... Forages on
moonlit nights” (Gochfeld and Burger 1996). Inca Terns are
described as feeding “mainly on small anchoveta (Engrau-
lis ringens), also planktonic crustaceans; offal and scraps...
Forages mainly by plunge-diving, and contact — and surface-
dipping; scavenges for scraps left by sea lions and avian
predators” (Gochfeld and Burger 1996). Thus, Noddy Terns
feed mainly in the air, but they have the exacting perceptual
demand associated with taking flying prey (flying fish, Exo-
coetidae) whose appearance is intermittent and brief. On the
other hand, Inca Terns feed below the water surface on small
but less evasive prey (planktonic crustaceans) (Duffy 1983;
Hanley and Stone 1988; Gochfeld and Burger 1996). This
means that although both species have to achieve accurate
location and timing of prey capture for successful foraging
their tasks are quite different and how these different tasks
will have driven the fine-tuning and difference between their
visual fields would require further detailed analysis of their
foraging tasks. Amphibious vision has particular demands
compared to foraging in the air due to the loss of corneal
power and the narrowing of the visual fields on entering
the water (Katzir and Howland 2003), and the latter may be
sufficient to account for the broader binocular field in Inca
Terns compared with those in Brown Noddy (Fig. 2). To be
certain of this requires more detailed knowledge of the opti-
cal structure of the eyes in these species, but entering water
can result in the reduction of maximum binocular field width
by approximately 50% (Martin and Young 1984). Thus, it
would be predicted that upon immersion the maximum bin-
ocular field of Inca Terns (34°) would narrow to about 17°,

@ Springer



40 Page 6 of 7

The Science of Nature (2024) 111:40

which is similar to the maximum width of the Brown Noddy
15° in air, with the results that the binocular fields of both
species are of similar width when the birds are engaged in
their primary foraging tasks. This is consistent with the fact
that the three species that forage using dive-plunging have
the longest vertical extension of binocular vision (Inca terns,
125°; Wedge-tailed shearwaters, 115°; Tropical shearwaters,
100°) compared to those that do not dive. The two species
(Lesser Noddy, Inca Tern) not reported to forage at night or
crepuscular hours do not appear to show any particularity
in their visual fields. Clearly, a more detailed analysis of
the foraging ecology and their associated perceptual chal-
lenges across all of the species (e.g., Regular et al. 2011)
are required to determine factors which may have led to the
recorded differences in their visual fields.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00114-024-01926-4.

Acknowledgements We would like to thank Sean Gibson for the
manufacture of the bill holders. We are also thankful to all the staff
and volunteers of Aride Island Nature Reserve, who provided useful
information, boat transportation and logistical support during our field
work, and to the Island Conservation Society Head Office for helping to
organise our visit to Aride. We thank Polly Bramham and staff at Bird-
world, Surrey. We are grateful to Hana Merchant for useful discussions.

Author contribution Conceptualization, E.A.L and S.J.P.; methodol-
ogy, E.A.L., G.R.M., G.R., and S.J.P; data collection, E.A.L., G.R.,
and S.J.P,; formal analysis, E.A.L.; interpretation, E.A.L., G.R.M., and
S.J.P.; visualisation, E.A.L. and G.R.M.; resources, G.R. and S.J.P;
writing—original draft, E.A.L. and S.J.P.; writing—review and editing,
E.AL., GRM, GR,, and S.J.P.

Data availability All data are available in the Supplementary
information.

Declarations
Conflict of interest The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Bhagavatula PS, Claudianos C, Ibbotson MR, Srinivasan MV (2011)
Optic flow cues guide flight in birds. Curr Biol 2:1794-1799
Burton RF (2008) The scaling of eye size in adult birds: relationship to

brain, head and body sizes. Vis Res 48:2345-2351

@ Springer

Cantlay JC, Portugal SJ, Martin GR (2019) Visual fields and forag-
ing ecology of Blacksmith Lapwings Vanellus armatus. Ibis
161:895-900

Cantlay JC, Bond AL, Wells-Berlin AM, Crawford R, Martin GR,
Rouxel Y, Peregoy S, McGrew KA, Portugal SJ (2020) Inef-
fectiveness of light emitting diodes as underwater deterrents for
Long-tailed Ducks Clangula hyemalis. Glob Ecol Con 23:e01102

Cantlay JC, Martin GR, McClelland SC, Potier S, O’Brien MF, Fernan-
dez-Juricic E, Bond AL, Portugal SJ (2023) Binocular vision and
foraging in ducks, geese and swans (Anatidae). Proc Roy Soc B
290:20231213

Duffy DC (1983) The foraging ecology of Peruvian seabirds. Auk
100(4):800-810

Fernandez-Juricic E, Erichsen JT, Kacelnik A (2004) Visual perception
and social foraging in birds. Trends Ecol Evol 19:25-31

Gochfeld M, Burger J (1996) Family Sternidae (Terns) pp. In: del Hoyo
J, Elliott A, Sargatal J (eds) Handbook of the Birds of the World,
vol 3. Lynx Edicions, Barcelona, pp 624-667

Guillemain M, Martin GR, Fritz H (2002) Feeding methods, visual
fields and vigilance in dabbling ducks (Anatidae). Fun Ecol
16:522-529

Haney JC, Stone AE (1988) Seabird foraging tactics and water clarity:
are plunge divers really in the clear? Mar Ecol Prog Ser 49:1-9

Martin GR (1998) Eye structure and amphibious foraging in alba-
trosses. Proc Roy Soc B 265:665-671

Martin GR (2007) Visual fields and their functions in birds. J Ornithol
148:547-562

Martin GR (2009) What is binocular vision for? A Birds’ Eye View
Jvis 9(11):14

Martin GR (2012) Through birds’ eyes: insights into avian sensory
ecology. J Ornithol 153:23-48

Martin GR (2017) The sensory ecology of birds. Oxford University
Press

Martin GR, Piersma T (2009) Vision and touch in relation to foraging
and predator detection: insightful contrasts between a plover and
a sandpiper. Proc Roy Soc B 276:437-445

Martin GR, Portugal SJ (2011) Differences in foraging ecology deter-
mine variation in visual fields in ibises and spoonbills (Threskior-
nithidae). Ibis 153:662-671

Martin GR, Prince PA (2001) Visual fields and foraging in procel-
lariiform seabirds: sensory aspects of dietary segregation. Brain
Behav Evol 57:33-38

Martin GR, Wanless S (2015) The visual fields of Common Guillemots
Uria aalge and Atlantic Puffins Fratercula arctica: foraging, vigi-
lance and collision vulnerability. Ibis 157:798-807

Martin GR, Young SR (1984) The eye of the Humboldt penguin, Sphe-
niscus humboldti: visual fields and schematic optics. Proc Roy Soc
Lon B 223:197-222

Martin GR, Jarrett N, Williams M (2007) Visual fields in Blue Ducks
Hymenolaimus malacorhynchos and Pink-eared Ducks Mala-
corhynchus membranaceus: visual and tactile foraging. Ibis
149:112-120

Martin GR, White CR, Butler PJ (2008) Vision and the foraging tech-
nique of Great Cormorants Phalacrocorax carbo: pursuit or close-
quarter foraging? Ibis 150:485-494

Martin GR (1994) Form and function in the optical structure of bird
eyes. In: Davies MNO, and Green PR (eds) Perception and motor
control in birds: an Ecological Approach. Springer-Verlag, Berlin,
pp 5-34

Martin G (1999) Optical structure and visual fields in birds: their rela-
tionship with foraging behaviour and ecology. In Adaptive mecha-
nisms in the ecology of vision (pp. 485-508). Springer

Portugal SJ, Murn CP, Martin GR (2017) White-headed Vulture Trigo-
noceps occipitalis shows visual field characteristics of hunting
raptors. Ibis 159:463-466


https://doi.org/10.1007/s00114-024-01926-4
http://creativecommons.org/licenses/by/4.0/

The Science of Nature (2024) 111:40

Page70f7 40

Portugal SJ, Ozturk R, Potier S, Murn CP, Martin GR (2023) Anom-
alous binocular vision in African Harrier-hawks. Curr Biol
33:R1127-R1143

Potier S, Bonadonna F, Martin GR, Isard P, Dulaurent T, Mentek M,
Duriez O (2018) Visual configuration of two species of Falconidae
with different foraging ecologies. Ibis 160:54-61

Potier S, Roulin A, Martin GR, Portugal SJ, Bonhomme V, Bouchet
T, de Romans R, Meyrier E, Kelber A (2023) Binocular field
configuration in owls: the role of foraging ecology. Proc Roy Soc
B 290:20230664

Regular PM, Hedd A, Montevecchi WA (2011) Fishing in the dark: a
pursuit-diving seabird modifies foraging behaviour in response to
nocturnal light levels. PLoS ONE 6:e26763

Slack KE, Jones CM, Ando T, Harrison GL, Fordyce RE, Arnason
U, Penny D (2006) Early penguin fossils, plus mitochondrial
genomes, calibrate avian evolution. Mol Biol Evol 23:1144-1155

Tobias JA, Sheard C, Pigot AL, Devenish AJM, Yang J, Sayol F,
Neate-Clegg MHC, Alioravainen N, Weeks TL, Barber RA (2022)
AVONET: morphological, ecological and geographical data for
all birds. Ecol Lett 25:581-597

Waldvogel JA (1990) The bird’s eye view. Am Sci 78:342-353

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer



	A seabird’s eye view: visual fields of some seabirds (Laridae and Procellariidae) from tropical latitudes
	Abstract
	Introduction
	Materials and methods
	Visual field measurements

	Results
	General features of the visual fields
	Interspecific differences in visual fields

	Discussion
	General characteristics of the visual fields
	Interspecific differences in visual fields

	Acknowledgements 
	References


