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Abstract. We compared the diurnal and nocturnal visual function in two tactile forag- 
ing waterbird species, the red subspecies of the American White Ibis (Eudocimus ruber 
ruber, formerly the Scarlet Ibis), which is known to feed exclusively during daytime, and 
the Black Skimmer (Rynchops niger), which forages primarily during darkness. Live birds 
were captured in coastal lagoons of northeastern Venezuela. Electroretinograms (ERGS) 
were obtained at different light intensities from anesthetized birds, and the retinae were 
subsequently processed for histological observations. The ERGS of the skimmer were of 
much larger amplitude than those of the ibis in scotopic (rod-mediated) conditions, but, 
in contrast, under photopic (cone-mediated) conditions, the amplitude of the ERGS al- 
ways was significantly larger for the ibis than for the skimmer. The scotopic : photopic 
b-wave ratio, calculated with b-waves obtained at the highest flash luminance, was 6.82: 1 
for the skimmer and 0.89 : 1 for the ibis. The retina of the ibis contained, on the average, 
18.8 rods/310 pm and 56.6 cones/310 pm, for a rod:cone ratio of 1 : 3. The retina of the 
skimmer contained 90.2 rods/310 urn and 16.8 cones/310 urn. for a ratio of 5: 1. The 
higher density of rods in the skimmer is in some way count&balanced by their thinness. 
Compared to the nocturnally active skimmer, the ibis has highly inferior rod function 
and, consequently, potentially inferior nocturnal visual capabilities. The latter would seem 
to explain the temporal differences observed in feeding behaviors of the two species. 

Key words: waterbirds, Rynchops niger, Eudocimus ruber, Black Skimmer, American 
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INTRODUCTION 

Although most bird species feed during daytime 
only, recent reviews have shown that nocturnal 
foraging is widespread among coastal, fresh wa- 
ter, and marsh birds, particularly, but not exclu- 
sively, in those that are able to forage tactilely 
(Martin 1990, McNeil et al. 1992, 1993, 1997). 
Many swimming prey of wetland and marsh 
birds such as fish, fish larvae, worms, and in- 
sects are more active, closer to the water sur- 
face, and thus more easily accessible at dusk 
and night than during daytime (McNeil et al. 
1992, 1993, 1995). Direct observations also 
confirm that polychaetes, isopods, amphipods, 
decapods, and gastropods, living in the muddy 
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areas of intertidal habitats where many water- 
birds forage, are more active or closer to the 
sediment surface at night (McNeil et al. 1992, 
1993, 1995). Consequently, it might be expected 
that waterbirds that detect their prey by touch 
would be able to feed just as fast during darkness 
as they do during daytime and without having to 
see the prey on which they feed, whereas birds 
that detect their prey primarily by sight would be 
disadvantaged at night (McNeil et al. 1992). In 
such situations, the tactile method of foraging of 
skimmers (Rynchops spp.) should allow them to 
feed at night, even under the darkest conditions 
(Tomkins 1951, Zusi 1962, 1985). Similarly, the 
blindly probing techniques of ibises also should 
allow night foraging (Hancock et al. 1992, 
Matheu and de1 Hoyo 1992). 

Skimmers do in fact feed primarily at night 
(for review, see Fasola and Canova 1993, Mc- 
Neil et al. 1993). Usually, skimmers feed in 
shallow waters in areas containing a high con- 
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centration of prey (Erwin 1977, Black and Har 
ris 1983, Zusi 1985). Skimmers are unique in 
bill structure and feeding behavior: their lower 
mandible is laterally flattened like a knife blade 
and it protrudes well beyond the upper one 
(Tomkins 1951, Zusi 1962, 1985). Skimmers 
catch their prey by skimming the water surface, 
i.e., by flying low over the water with the up- 
per jaw raised and the lower jaw open and im- 
mersed. When the sharp edge of the lower man- 
dible strikes a prey, the head doubles under the 
body of the flying bird and the jaws snap shut. 
The birds fly in a straight path, apparently with- 
out seeing individual prey, and are attracted to 
surface disturbances caused by swarms of fish 
(Zusi 1985). According to Burger and Gochfeld 
(1990), Black Skimmers (Rynchops niger) may 
forage primarily at night because fish are feed- 
ing more actively on invertebrates near the wa- 
ter surface at that time (see also McNeil et al. 
1995). Furthermore, wind is reduced at night 
and thus the water surface is smoother, which 
is advantageous to a tactile feeder. 

However, contrary to expectation, there is as 
yet little or no evidence that any ibis species 
feeds at night with any regularity (McNeil et al. 
1993, 1997). For example, the South American 
race of the American White Ibis (Eudocimus ru- 
ber ruber), formerly known as the Scarlet Ibis 
because of its red color, feeds during daytime, 
primarily by nonvisual probing. It uses its long 
decurved bill to probe in the shallow waters of 
marshes, coastal lagoons, and mangrove 
swamps, but also uses such techniques as head 
swinging, groping and pecking when appropri- 
ate (Kushlan 1977, Hancock et al. 1992). In 
fact, this ibis appears to be quite blind at night, 
seldom doing anything but perching after dark. 
It is possible that ibises do not have the visual 
capabilities needed to fly safely in the dark, and 
therefore are unable to access the feeding 
grounds or escape danger (McNeil et al. 1997). 

The retinal receptors of birds, as in all verte- 
brates, are the rods and cones (Meyer 1977, 
Tansley and Erichsen 1985). Nocturnal birds 
have a great preponderance of rods in their reti- 
nae, whereas up to 80% of photoreceptors in di- 
urnal birds are cones (see Tansley and Erichsen 
1985, Waldvogel 1990). Rods generally are as- 
sociated with night vision because they are sen- 
sitive to low levels of illumination, but rods 
demonstrate poor discriminative abilities (vi- 

sual acuity) and imperfect or no color vision 
(Tansley and Erichsen 1985). Cones, on the 
other hand, are associated both with good vi- 
sual acuity at high light levels and with color 
vision, but have a low light-sensitivity and poor 
dark adaptation (Tansley and Erichsen 1985). 

If American White Ibises do not forage dur- 
ing nighttime because of poor night vision, then 
they should have a cone-dominated retina, 
whereas the retina of the largely nocturnal 
Black Skimmers should be rod-dominated. We 
tested this hypothesis by using physiological 
and morphological techniques that allowed us 
to verify the rod and cone functions of the reti- 
nae of these two bird species. 

MATERIALS AND METHODS 

Twelve American White Ibises (scarlet race) 
and nine Black Skimmers were mist-netted in 
Laguna de Patos and Chacopata Lagoon, re- 
spectively, in northeastern Venezuela. The birds 
were brought alive to the laboratory of the Uni- 
versidad de Oriente, in Cumana, Venezuela. 

ERG RECORDING 

The electroretinogram (ERG), widely used in 
human and veterinary medicine, is the record- 
ing of electrical potentials produced by the 
retina in response to a light stimulus, and which 
can be recorded at a distance, i.e., at the cornea 
(see Ikeda 1993 for review). ERGS consist of 
various waves which arise in different layers of 
the retina, reflecting light-evoked potentials 
generated by different retinal cells. The wave- 
form of an ERG and its components exhibit 
changes depending on the intensity and wave- 
length of the stimulating flash, as well as the 
state of retinal adaptation (i.e., photopic or 
cone-mediated, scotopic or rod-mediated), and 
thus can be used to compare the retinal sensi- 
tivity of different animal species. 

ERGS were recorded in a dark room with the 
use of a LKC EPIC-2000 visual electrodiagnos- 
tic system (LKC Technologies Inc., Gaithers- 
burg, MD, USA), comprising a 41-cm diameter 
Ganzfeld full-field stimulator (LKC Ganzfeld- 
2503B stimulator), equipped with a Grass PS22 
white xenon strobe, allowing maximum lumi- 
nance flashes of approximately 3.3 1 cd m-’ 
set-’ and of 20 p,sec in duration. A filter wheel 
assembly provided luminance control in 0.2 
log-unit steps over a 4.8 log-units range, with 
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combinations of 0.0, 0.2, 0.4, 0.6, 0.8, 1.0, 2.0, 
3.0, and 4.0 log-units Kodak Wratten neutral 
density filters. The background light could be 
controlled between 0 and 150 cd. m-* with a 
variable aperture. 

After a 4-hr period of dark adaptation, birds 
were anesthetized with a 1: 1 mixture of keta- 
mine and xylazine (0.0044 cc/kg injected in the 
pectoral muscle), immobilized on a home-made 
recording holder with the head inside the Ganz- 
feld and the left eye kept open upwards. The 
eyelids and nictitating membrane were kept re- 
tracted with a speculum, the pupil was dilated 
with 1% tropicamide, and the cornea anesthe- 
tized with 0.5% proparacaine hydrochloride. A 
fine coated conductive yam (Sauquoit Indus- 
tries, Scranton, PA) was placed over the cornea 
and used as the recording electrode (Lachapelle 
et al. 1993). Subdermal needle electrodes (Grass 
Instruments, Astro-med Inc., Warwick, RI), in- 
serted under the skin on top of the head and in 
the pectoral muscle, were used as reference and 
ground, respectively. Under scotopic (rod me- 
diated) conditions, averages of 6 responses per 
trial were obtained to flashes of constant lumi- 
nance delivered at lO.l-set intervals. These 
ERGS were obtained, in increasing order of lu- 
minance, to light intensities of -3.8, -3.0, 
-2.6, -2.0, -1.4, -1.0, and 0.0 log-units, re- 
spectively. Thereafter, the birds were light- 
adapted for 10 min at a background luminance 
of 35.7 cd’rn-*. Under photopic (cone medi- 
ated) conditions, averages of 10 responses were 
obtained to flashes of constant luminance de- 
livered at 4.1 sec. These ERGS were evoked to 
flashes of decreasing luminance of 0.0, -0.6, 
- 1.0, and - 1.4 log-units, respectively. Less 
stimuli were used in scotopic than in photopic 
conditions and they were separated by a longer 
interval to ensure that the retina did not lose its 
adaptation to darkness and that a sufficient time 
was given for the rod photopigment to regener- 
ate (Ikeda 1993). 

HISTOLOGICAL PROCEDURES 

Once the ERG recordings were completed, 4 
skimmers and 4 ibises were given a lethal dose 
of sodium pentobarbital. The left eye was in- 
jected with 2.5% glutaraldehyde in 0.1 M phos- 
phate buffer (pH = 7.2), dissected out, punc- 
tured at the cornea, and placed in the same fixa- 
tive for 30 min. While the eye was in the fixa- 

FIGURE 1. Schematic representation of the nine 
retinal sectors. D, N, T, and V correspond to the dor- 
sal, nasal, temporal, and ventral sectors, respectively. 

tive, the retina, still attached to the choroid, was 
cut into nine sectors, using the pecten as a land- 
mark (Fig. 1). This division is the same as that 
of Rojas de Azuaje et al. (1993), and corre- 
sponds to that of Meyer and May (1973) and 
Begin and Handford (1987), although the sec- 
tor numbering is different. While in the fixative, 
each sector was subdivided into 2-mm* por- 
tions, of which only two were retained for 
analysis. After 3 hr in the fixative, the retinal 
portions, separated from the choroidal layer, 
were washed with phosphate buffer for 10 min, 
postfixed in 1% 0~0, in 0.1 M phosphate buffer 
for 1 hr, rinsed in phosphate buffer followed by 
distilled water, for 10 min each, dehydrated in 
graded ethanol (10 min per step), and bathed in 
propylene oxide for 15 min. The tissues were 
successively infiltrated with a 1 : 1 mixture of 
propylene oxide and Epon for 6 hr, and pure 
Epon medium for another 2 hr. Finally, they 
were embedded in silicone rubber molds filled 
with Epon and polymerized at 60°C for 48 hr. 

Sections (0.7 pm) were obtained with a 
Reichert ultramicrotome and 15 of them (one 
every 30-40 sections) were mounted on glass 
slides and stained with toluidin blue and exam- 
ined with a Zeiss-Axiomat photomicroscope. 
Rods and cones as well as ganglion cells were 
counted in one field, 310 Frn wide, for a total 
of 15 counts for each of the nine sectors per eye. 
As in other avian retinae (Meyer and May 1973, 
Meyer 1977, Tansley and Erichsen 1985, Wald- 
Vogel 1990), single and double cones were 
present in the retinae of both species. Double 
cones were counted as two cones. In addition, 
the following parameters were measured: the 
length and diameter of the outer and inner seg- 
ments of rods and cones, and the thickness of 
each retinal layer. 
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FIGURE 2. ERG responses of the American White 
Ibis under (A) scotopic and (B) photopic conditions. 
Nomenclature: a, peak of the a-wave; b, peak of the 
b-wave. The figures on the left represent light inten- 
sity values (Log-units). The amplitude and time 
scales correspond to 100 ~LV and 30 msec. 

RESULTS 

ELECTRORETINOGRAPHY 

Representative electroretinograms obtained in 
scotopic and photopic conditions for an Ameri- 
can White Ibis and a Black Skimmer are pre- 
sented in Figures 2 and 3. Comparative 
luminance-response functions for amplitude (A) 
and peak time (B) measurements are graphically 
reported at Figures 4 and 5, respectively. Peak 
time and amplitude measurements obtained for 
the brightest stimulus are given in Table 1. 

The scotopic ERGS obtained from the ibis are 
characterized by the presence of small oscilla- 
tions on the rising phase of the b-wave (Fig. 
2A). Such oscillations are not observed in the 
skimmer (Fig. 3A). Analysis of the intensity- 
response function (Fig. 4A) reveals, for the 
skimmer, a rapid growth in the amplitude of the 
scotopic b-wave from intensity -3.8 to -2.6, 
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FIGURE 3. ERG responses of the Black Skimmer 
under (A) scotopic and (B) photopic conditions. No- 
menclature as in Figure 2. 

which is followed by a saturation from inten- 
sity -2.6 to 0.0. In contrast, for the ibis, the 
amplitude of the scotopic ERGS regularly in- 
creases with progressively brighter flashes. It 
should be noted that the scotopic ERGS of the 
skimmer are always of larger amplitude than 
those of the ibis, the difference between the two 
species reaching significance at flash lumi- 
nances comprised between - 3 .O and - 1 .O (Fig. 
4A). Similarly, while the peak time of scotopic 
b-waves of both species shortens with increas- 
ing flash luminance, the timing of the scotopic 
ERG b-waves of the ibis, as shown by the 95% 
confidence limits for the mean peak time varia- 
tions (Fig. 5A), is always significantly faster 
than that of the skimmer. 

In the photopic ERG waveforms, a more ro- 
bust signal is obtained for the ibis, with easily 
identifiable a- and b-waves at all the flash in- 
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FIGURE 4. Mean amplitude variations (295% 
confidence limits) in the b-waves of the Black Skim- 
mer and the American White Ibis as a function of 
light intensity under (A) scotopic and (B) photopic 
conditions. 

tensities used (Fig. 2B), whereas, for the skim- 
mer, identifiable a- and b-waves only are 
present in responses obtained to the brightest 
flash (Fig. 3B). The 95% confidence limits of 
the corresponding luminance-response curves 
(Fig. 4B) reveal that, for all the intensities used, 
the amplitude of the cone ERG obtained from 
the ibis is always significantly larger than that 
from the skimmer. The peak time of the 
b-waves does not vary significantly as a func- 
tion of light intensity (Fig. 5B). However, as un- 
der scotopic conditions, as shown by the 95% 
confidence limits for the mean peak time varia- 
tions (Fig. 5B), the timing of the photopic ERG 
b-waves of the ibis is always significantly faster 
than that of the skimmer. Based on the 95% 
confidence limits for the means (Table I), the 
amplitude of the photopic ERG b-wave ob- 
tained at the brightest luminance is significantly 
lower than that measured under scotopic condi- 
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-1.4 -1 0 -0.6 00 

Intensity (Log. units) 

FIGURE 5. Mean peak time variations (295% con- 
fidence limits) in the b-waves of the Black Skimmer 
and the American White Ibis as a function of light 
intensity under (A) scotopic and (B) photopic condi- 
tions. 

tions with the same flash luminance in the skim- 
mer, but not in the ibis (Table 1). Indeed, from 
data of Table 1, the scotopic : photopic b-wave 
ratio, with b-waves obtained at the brightest lu- 
minance, is 6.82 : 1 for the skimmer, and 0.89 : 1 
for the ibis. Whereas the b:a-wave ratios are 
similar for the skimmer and the ibis (1.41 vs. 
1.28, respectively) under scotopic conditions, 
they tend to differ in photopic conditions, with 
values of 2.39 for the ibis and 0.73 for the skim- 
mer. 

HISTOLOGICAL OBSERVATIONS 

Overall, the photoreceptor density of the skim- 
mer is higher than that of the ibis by a factor of 
1.4 : 1, and this difference is due mainly to rod 
density (Table 2). In the skimmer, rod density 
is roughly 4.8 times higher than in the ibis, and 
exceeds that of cones by a factor of 5 to 1. In 
the ibis, cone density is roughly 3.4 times higher 
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TABLE 1. Mean amplitude (pV) and peak time (msec) and the a- and b-waves of scotopic and photopic 
ERGS for the 11 Black Skimmers and the 9 American White Ibises. 

a-wave 

Peak time’ 

b-wave 

Peak timea 

Scotopic 

Skimmer 157.9 ? 40.7 24.1 t 6.8 223.0 ? 82.3 79.2 2 16.0 
Ibis 165.3 ? 41.9 16.5 ? 1.4 212.9 + 67.8 46.9 2 8.6 

Photopic 

Skimmer 44.2 ? 13.5 31.4 * 8.0 32.7 ? 15.8 56.9 ? 7.1 
Ibis 99.5 ? 22.8 17.0 ? 1.1 238.0 ? 84.2 39.8 * 4.5 

a X -C 95% confidence interval. 

than in the skimmer, and exceeds that of rods 
by a factor of 3 to 1. In the skimmer, rod den- 
sity and rod:cone ratio tend to be higher in the 
central (5), dorsal (1 and 4) and temporal (2 and 
3) sectors, and lower in the nasal (7) and ven- 
tral (6, 8 and 9) sectors, and cone density tends 
to be higher in the nasal (7), central (5), and 
lower (6 and 9) sectors than in the dorsal (1 to 
4) ones (Table 2, Fig. 1). In the ibis, rod den- 
sity is higher in sector 5 than in most other ones, 
but cone density tends to be higher in sector 5 
and lower in sector 1 (Table 2). 

A section of the retina of each species is shown 
in Figure 6 and measurements of photoreceptors, 
average ganglion cell density, and thickness of 
retinal layers are given in Table 3. For both spe- 

ties, there is no clear trend in the sectorial varia- 
tions of these measurements. However, on the 
average, the Black Skimmer tends to have longer 
rod outer segments but thinner rods than the 
American White Ibis, and the cone outer seg- 
ment of the ibis almost doubles in length that of 
the skimmer. Differences between the two spe- 
cies based on the 95% confidence intervals of 
the means (Table 3), although significant in 
many cases, are not so striking in other cone 
measurements. On the other hand, the skimmer 
has thicker outer nuclear and outer plexiform 
layers than the ibis. Ganglion cells are more 
abundant per unit area, and the inner nuclear, in- 
ner plexiform, ganglion cell, and optic nerve fi- 
ber layers are thicker in the ibis. 

TABLE 2. Mean rod and cone relative density in the Black Skimmer and the American White Ibis. IZ = 4 
in all cases. 

American White Ibis 

SeCtOd Rod&’ C0l& Rods : Conea 

Black Skimmer 1 92.8 2 14.1 15.0 * 0.9 6:l 
2 97.7 z 15.4 16.1 ? 2.6 6:l 
3 92.5 + 15.1 16.3 ? 1.2 6:l 
4 96.1 & 14.0 15.7 2 0.3 6:l 
5 118.1 ? 19.4 17.6 -c 2.3 7:l 
6 81.8 * 6.6 17.7 + 1.4 5:l 
7 76.1 5 16.0 18.7 ? 3.5 4:l 
8 78.5 2 13.5 16.1 ? 3.1 3:l 
9 77.7 2 15.5 18.0 -t 5.2 4:l 

All 90.2 + 8.8 16.8 ? 0.8 5:l 

1 16.6 + 4.0 51.2 + 3.4 1:3 
2 21.1 5 2.3 59.0 + 4.6 1:3 
3 18.6 ? 2.7 58.9 ? 6.2 1:3 

s 23.8 18.9 + ? 3.1 1.8 54.6 60.6 ? rt 3.9 3.9 1:3 1:3 
6 18.0 + 2.0 57.4 2 2.5 1:3 
7 19.0 + 2.5 55.3 + 1.7 1:3 
8 17.5 2 1.7 56.6 2 3.0 I:3 
9 16.0 t 3.0 56.1 2 5.4 1:4 

All 18.8 + 1.7 56.6 ? 1.8 1:3 

a Sectors 1 and 4 dorsal, 2 and 3 temporal, = = 5 = central, 7 nasal, = 6, 8 and 9 = 
bT/310 pm 2 95% confidence interval. 

ventral. 
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FIGURE 6. Photomicrographs showing the principal layers of the central retina of (A) the Black Skimmer 
and (B) the American White Ibis. C and D are enlargements of the photoreceptor layer of A and B, respec- 
tively. Nomenclature adapted from Kare (1965), Dowling (1970), Fein and Szuts (1982), Ali and Klyne 
(1985), and Martin (1985): c, cone; e.l.m., external limiting membrane; g.c.l., ganglion cell layer; i.n.l., in- 
ner nuclear layer: i.p.l., inner plexiform layer: o.f.1, optic fiber layer; o.n.l., outer nuclear layer; o.p.l., outer 
plexiform layer; p.e., pigmented epithelium; r, rod; v.c.i.s.l., visual cell inner segment layer; v.c.o.s.~., visual 
cell outer segment layer. The scale in B equals 20 pm and is valid for A, and that in D also equals 20 pm 
and is valid for C. 
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TABLE 3. Overall mean rod and cone measure- 
ments (bm), mean ganglion cell density ($310 pm), 
and mean thickness (km) of the retinal layers of the 
Black Skimmer and the American White Ibis (see 
Fig. 6). II = 4 in all cases. 

Black Skimmer 

x + 95% 
confidence 

interval 

AtIlfXkltl 
White Ibis 

x -t 95% 
confidence 

interval 

Outer segment length 
Outer segment 

diameter 
inner segment length 
Inner segment 

diameter 

Cone 

Outer segment length 
Outer segment 

diameter 
Inner segment length” 
Inner segment length” 
Inner segment 

diameter” 
Inner segment 

diameterb 

Outer nuclear layer 
Inner nuclear layer 
Outer plexiform layer 
Inner plexiform layer 
Ganglion cell layer 
Ganglion cell density 
Optic nerve fiber layer 

25.2 ? 5.9 20.4 -c 0.6 

1.9 * 1.1 4.1 * 0.3 
24.9 t 2.3 26.4 2 1.6 

1.9 t 1.1 3.9 It 0.2 

8.2 + 0.9 14.0 * 1.5 

1.3 I+_ 0.1 1.3 I+_ 0.1 
34.9 + 1.4 34.3 * 1.1 
27.0 2 0.2 28.1 2 0.7 

4.6 ? 0.2 3.7 5 0.2 

4.7 t 0.1 6.4 t- 0.1 

28.8 ? 1.4 20.8 2 0.1 
26.7 + 2.0 42.3 ? 1.8 
6.8 t 0.4 5.4 t 0.2 

33.5 I+_ 2.5 53.4 I+_ 1.6 
8.2 ‘-+ 0.3 11.1 2 1.0 

13.5 ? 4.6 26.7 t 2.4 
12.3 2 1.1 27.5 2 4.6 

; For all cone types, except accessory cones. 
For accew.xy cones. 

DISCUSSION 

Contrary to most studies which were based al- 
most exclusively on morphological observa- 
tions and lacked physiological data, our study 
has the advantage of comparing two bird spe- 
cies by considering both morphological and 
physiological aspects of the retina. Our study 
shows that the retina of the Black Skimmer is 
well adapted for night vision, whereas that of 
the American White Ibis is clearly adapted for 
daytime vision. Each species exhibits distinct 
ERG responses which differ from each other 
under the tested conditions (i.e., -3.8 to 0 log- 
units). The ERG responses indicate that, under 
scotopic conditions, the retinal sensitivity of the 
skimmer to low light intensity (e.g., -3.8 to 
-2.0 log-units) is always higher than that of the 
ibis. This feature can be correlated with the 
measured differences in the photoreceptor ratios 
and densities. 

The rod : cone ratio of the ibis is roughly com- 
parable to that of the Northern Fulmar (Fulma- 
rus glacialis) and the Manx Shearwater (Pufsi- 
nus pu$%rus), but is higher than that of the 
strictly diurnal House Sparrow (Passer domes- 
ticus) (Lockie 1952). Both the fulmar and the 
shearwater are known to forage at night, and the 
shearwater is particularly noted for its noctur- 
nal attendance at breeding colonies (McNeil et 
al. 1993). The ibis rod : cone ratio also is lower 
than that of the Greater Yellowlegs (Tringa 
melanoleuca) (1 .O : 1.42), a visual feeder during 
daytime that mostly switches to tactile foraging 
(side-sweeping) at night (Robert and McNeil 
1989, Rojas de Azuaje et al. 1993). The 
rod: cone ratio of the Black Skimmer is less 
than half that of the nocturnal Great Homed 
Owl (B&JO virginianus) where values range 
from 11.6:1 to 13.4:1 (Fite 1973). 

Because of higher rod density, the rod : cone 
ratio tends to be higher in the central, dorsal and 
temporal sectors of the skimmer retina. This 
may play a role in seeing the water surface and 
lower horizon when the bird is skimming the 
water surface during darkness. 

Rod density in the skimmer is in some way 
counterbalanced by their thinness. Their outer 
segments, however, are shorter than those of 
some shorebirds such as the Grey Plover (Plu- 
vialis squaturola), the Short-billed Dowitcher 
(Limnodromus griseus) and the Greater Yellow- 
legs, which all forage both at night and during 
the day (Rojas de Azuaje 1991, McNeil et al. 
1992). They also may be shorter than those of 
the nocturnal Tawny Owl, however those mea- 
surements were obtained from fresh tissue 
(Bowmaker and Martin 1978). Contrary to the 
assertion of Walls (1942) that rods can lower 
their thresholds during evolution (thus increas- 
ing their sensitivity) by lengthening their outer 
segments, the increased sensitivity exhibited by 
the Black Skimmer over that of the American 
White Ibis and the above-mentioned species is 
probably the result not of exceptionally long rod 
outer segments, but of a greater area covered 
by rods. This may be due to their large number 
and packing (Bowmaker and Martin 1978). 
However, rod sensitivity is not solely deter- 
mined by their length or diameter, but also by 
the density of the visual pigment they contain, 
a factor not examined in the present study. 

In both species, and under both scotopic and 
photopic conditions, the a- and b-waves in- 
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crease in amplitude with increasing light inten- 
sity. In addition, the peak time of scotopic 
b-waves decreases with increasing luminance 
intensity. The same occurs in the Little Owl 
(Athene noctua) (Porciatti et al. 1989), the Com- 
mon Pigeon (Columba Zivia) (Porciatti et al. 
1991), and in humans (Weleber and Eisner 
1988). 

The small oscillations observed in the rising 
phase of the ERG b-wave under scotopic con- 
ditions, particularly under the highest lumi- 
nance values in the ibis, but not in the skim- 
mer, are usually referred to as oscillatory po- 
tentials (Speros and Price 198 1). They are 
believed to originate either from the amacrine 
cells in the inner plexiform layer or the optic 
nerve fibers in the optic fiber layer (Ikeda 
1993). Both of these layers were found to be 
thicker in the ibis than in the skimmer. 

Comparison of the rod : cone ratios of the two 
species, as well as the amplitudes of their pho- 
topic ERG responses, which are significantly 
larger in the ibis than in the skimmer, suggests 
that the ibis is better suited for daytime vision. 
This also is indicated by the fact that ganglion 
cells are twice as abundant per unit area in the 
ibis as in the skimmer. Accordingly, the optic 
nerve fiber layer is twice as thick in the ibis as 
in the skimmer. It has been shown that ganglion 
cells are found in higher density in the retinal 
area subserving visual acuity such as the fovea 
(Binggeli and Paule 1969, Ikushima et al. 1986, 
Hayes and Brooke 1990, Inzunza et al. 1991, 
Suburo et al 1991). 

The skimmer’s retina is sensitive to low lev- 
els of illumination and might need special pro- 
tection during occasional daytime foraging. 
Skimmers are the only birds known to close 
their pupil into the form of a vertical slit (Zusi 
and Bridge 1981). Zusi and Bridge (1981) 
found that the Black Skimmer has a relatively 
larger maximum pupil size than that of the di- 
urnally active Common Tern (Sterna hirundo), 
and accomplish a greater reduction in its pupil- 
lary area from darkness to bright light than does 
the tern. We observed that the skimmer’s maxi- 
mum pupil size, varying between 6 to 9 mm de- 
pending on the size of the bird, is roughly half 
the diameter of the full eye ball. These features 
of the skimmer’s eye may serve to enhance noc- 
turnal vision and to protect the retina during oc- 
casional daytime feeding and other activities in 
bright light. 

In conclusion, and in accordance with our ini- 
tial hypothesis, the retina of the Black Skimmer 
is rod-dominated and corresponds to that of a 
nocturnal bird, and that of the American White 
Ibis is cone-dominated and corresponds to that 
of a diurnal bird. These features are reinforced 
by their very distinct ERG responses under 
scotopic and photopic conditions. As a conse- 
quence, the ibis appears to have a night vision 
capability considerably lower than that of the 
skimmer, and therefore can be viewed as being 
less capable of safe flights to access feeding 
grounds, or escape predators when on foraging 
ground during darkness. 
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