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Abstract  

The current research project aims to identify the histological structures of the dorsal retina in eye of 

brown falcon (Falco berigora). The results showed an existence of blood vessels in retinal tissues 

with presence a pair of layers in dorsal retina. The retina is comprised up double mainly layers; 

outer layer as a pigmented epithelium (PE) in addition to inner layer as neural layer that 

compromised of nine layers vision cells, which are constructed up of rods and cones and outer 

limiting membrane that contains External nuclear layer (ENL), External plexiform layer (EPL), 

Internal nuclear layer (INL), Internal plexiform layer (IPL), Ganglion cell layer (GCL), Optic nerve 

fiber layer (ONFL), and Inner limiting membrane (ILM). PE comprises the cells of cuboidal 

epithelium, and cytoplasmic extensions extend from its inner surface towards the optic cells. The 

visual cell layer contains rods and cones. Outer plexiform layer (OPL) is thinner than inner 

plexiform layer (IPL), and numbers of row of outer nuclear layer is less than those found in inner 

nuclear retinal layer of falcon. As a result, we conclude that difference in visual cell density has 

been linked to improved visual acuity and sensitivity to light intensity. 
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Introduction 

The preponderance of birds is diurnal and have accommodativeness for tetrachromatic color vision 

and supernormal visual acuity in glary light. Themorphology of their eye, types of receptors and 

visual pigment spectral tuning are completely uniform: cone photoreceptors largely outnumbered 

rod photoreceptors that are used for the vision in dimer light (Hart, 2001). 

Birds outperform mammals when it comes to monitoring small objects moving quickly and 

recognizing targets in dimly lit environments. For instance, raptors may easily spot prey moving 

quickly on the ground while flying thousands of meters in the air (Fernandez-Juricic, 2012). For 

instance, eagles and falcons have twice the visual acuity of monkeys (Gaffney and Hodos, 2003). 

Birds, like other vertebrates, have three primary visual pathways: The thalamofugal route connects 

the retina to the thalamic main optic nucleus (OPT) and the visual Wulst (Reiner et al., 2005). 

When the eyes are located on both sides of the head, each eye sees the visual field facing it, giving 

binocular vision, as seen in several fishes, reptiles, amphibians, birds, and mammals (Saadatlou and 

Shahrouz, 2016). 

Materials and methods 

Samples 

The brown falcon served as a model for carnivore birds in the current inquiry. It was anesthetized 

with chloroform, and the feathers were cut with scissors before the skull was smashed with a cutter. 

The skull bones were carefully separated from one another and removed. The associated nerves to 

the brain were also cut with fine forceps and sharp scissors (Al-Nakeeb and Jasim, 2018). The eye 

was removed from orbit, washed, and kept in petridish with filter paper (Taha and Hamid, 2020).  
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Histology  

The specimens were processed for histological staining. The blocks were sectioned at 5μm 

thickness and stained with routine stain (Mayer’s Hematoxylin and Eosin) for general features study 

(Bancroft and Stevens, 2010). The layer thickness of different layers of retina was done by using 

ocular micrometer after calibration. 

Statistical Analysis 

The findings were presented as Mean SE. According to the version 23 of the Statistical Package for 

Social Science (SPSS) software, the statistical analysis was conducted using the Analysis of 

Variance (ANOVA) test at least significant differences (Gharban et al., 2023). 

Results and Discussion 

The findings of histological study showed that the dorsal retina in eye of the brown falcon was 

vascular (Figure 1), as is the case in most birds, and this is what distinguishes the retina in birds 

(Al-Sheikhly et al., 2014). It is supplied with oxygen and nutrition from a multi-fold hemoglobin 

structure rich in blood vessels, which locate upside optic nerve, extend to vitreous fluid called the 

"pectin oculi" of eye (Dayan and Ozaydin, 2013). This result was agree with the results found in 

Gallus domesticus (Abd and Abd Al Majeed, 2010; Shehan, 2012). While, the retina of humans and 

mice is characterized by vascular, complex tissue consisting of several layers of cells responsible 

for absorbing light and transmitting it in the form of signals to the brain (Treuting, and Dintzis, 

2012). The retina in the falcon compose of two major layers: (the outer layer, the pigmented 

epithelial layerandan inner nerve layerthat divides into nine layers (Figure 2). Nine layers are the 

visual cells layer consisting of rods and cones; ENL, EPL, INL, IPL, GCL, ONFL, and ILM 

(Hassan, 2023; Szabadfi et al, 2015, She et al., 2014, Saenz-de-Viteri et al, 2014, Oliveira et al, 

2014). 

 

Figure (1): Longitudinal section illustrating the histological structure of pectine in eye of 

falcon. H and E. 10X 

 

The pigmented epithelium layer is made up by unique cell rows of cuboidal epithelium and oval 

nuclei that are low and rest on a basement membrane. Numerous cytoplasmic elongations extend 

from the surface of the basement membrane between the visual cells, and the layer is distinguished 

by the presence of pigmented particles in the falcon (Figure 3), this layer absorbs the scattered light 
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passing through the neural layer and removes the roots, the free ones (Mescher, 2013; El-Beltagy, 

2014). 

 
Figure (2): Longitudinal section in retina of Falco berigora, (1) epithelial pigment, (2) optic 

cell layer, (3) outer limiting epithelium, (4) outer nuclear layer, (5) outer plexiform layer, (6) 

inner nuclear layer, (7) inner plexiform layer, (8) ganglion cell layer, (9) optic nerve fiber 

layer, (10) inner limiting envelope, stained with hematoxylin-eosin. 40X 

 

In neural retina, there were 9 layers; layer of visual cells (optic layer) composed from elongated 

cells of rods and cones, each one has outer piece overlaps and extension of pigmented cells of 

epithelium and inner part. Distributing of rods and cones differs depending on area, from one 

segment to another in the retina of a falcon bird, and outer pieces of cones are conic in shape and 

more extensive than rods that having cylindrically and thinner (Figure 3). It distinguishes birds with 

diurnal activity (Jones, 2007; Alix et. al., 2017). Therefore, the falcon has eagle-eyed day time, and 

this construes its ability to prey. In the neural retina of animals with nocturnal activity, the layer of 

visual cells consists of long, thin rods and no cones (Gali, 2014). The rods' sensitivity to low light 

levels is important when distinguishing between dark and light intensities (Mescher, 2013). The 

layer of outer limiting membrane is lighter in color and inconspicuous at particular regions to 

separate outer nuclear layer from visual cells layer (Figure 3). It consists of protrusions of Müller 

cells (Mescher, 2013). An outer plexiform layer lies between outer limiting membrane and outer 

nuclear layer (López et. al., 2008). 

 

 
Figure (3): Longitudinal section shows retinal layers of falcon; (1) epithelial pigment, (2) 

visual cells layer, (3) outer limiting epithelium, (4) outer nuclear layer, stained with 

hematoxylin-eosin. 400X 
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As for the outer nuclear layer, it composes of bodies of visual cells, and number of rows of cells is 4 

in the falcon bird (Figure 4), and this variation in the number of rows reveals a variation in the 

density of the visual cells (Treuting, and Dintzis, 2012; Alix et al., 2017); which perhaps because 

the falcon depends on the bright vision for feeding. Animals with nocturnal activity depend on low 

vision for feeding, and this is associated with the presence of many rods. The outer plexiform layer 

is arrow and axons of visual cells intertwine with dendrites of both bipolar cells and horizontal cells 

(Figure 5) and this is consistent with Mescher (2013). As for the inner nuclear layer, it is 

distinguished by its compact and variety cells, consisting of horizontal cells, bipolar cells and 

amacrine cells, and the number of rows ranges from 25 in the falcon (Figure 4), and this differs 

from the number in the retina of the kestrel, magpie and bird. The collared phalanx (Al-hamadany, 

2012; El-Beltagy, 2014), and differs from its number in mice and humans (Treuting, and Dintzis. 

2012). The inner plexiform layer (IPL) is thicker than outer plexiform layer (OPL), and includes a 

network of axons of each of cells without protuberances with ganglion cells and bipolar cells 

(Figure 5). It consists of bipolar and multitubercular cells with ganglion cell dendrites (Treuting, 

and Dintzis. 2012; Park et. al., 2014). The ganglion cell layer consists of one row of ganglion cells, 

and its cells are distinguished by clear nuclei and their large size (Figure 5), this thickness depends 

upon denseness of cells in the outer and inner nuclear layers (Al-hamadany, 2012; Kim et al., 

2021). In ganglion cells, axons gather to constitute thelayer of nerve fiber, which increases in 

thickness as it back down to form the nerve that leaving eye to reaches brain. This is similar to that 

indicated by Mescher (2013) and the specific membrane layer. The inner layer that separates the 

vitreous fluid from retina, and is a basal plate of Muller cells that appear as large supporting cells 

extend within inner and outer limiting layers, with existence of nucleus situates at inner nuclear 

layer (Figure 5), and this is consistent with Treuting, and Dintzis (2012) and Beltagy (2014) in the 

Falcon. The morphological results of the thickness of the retinal layers showed that the inner 

nuclear layer is the thickest one (Figure 6). 

 

 
Figure (4): Longitudinal section shows retinal layers of eye in Falco berigora (2) optical cell 

layer, (3) outer limiting cover, (4) outer nuclear layer, (5) outer plexiform (6) inner nuclear 

layer, colored Hematoxylin-eosin. 400X 
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Figure (5): Longitudinal section shows retinal layers of falcon, (6) inner nuclear layer, (7) 

inner plexiform layer, (8) ganglion cells layer, (9) optic nerve fiber layer, (10) inner limiting 

envelope, Hematoxylin-eosin stain. 400X 

 

 
Figure (6): The thickness of the retinal layers (µm)in the brown falcon eye 
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