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SUMMARY: The objective of this study was to explore the relationship between the retinal structure and its life adaptation to
the environment aftenopharyngodon idell&ynops orientalis, Bufo bufo gargarizaBgkko japonicuandColumba livia. Measuring
retinal thickness of each layer, the nuclei layer, and the diameter of each nuclear layer of the five animals, thedstatiatied}sis
shows that: the nuclei layers of five animals are all 4, and their structures can be divided to 10 layers when obserpiigawith o
microscope. The retinal thickness@enopharyngodon idellwas 190.49 mmCynops orientalisvas 173.0um, and theBufo bufo
gargarizanswas 195.06um, Gekko japonicusvas 224.321m andColumba livia was 174.1Qum. The number of retinal inner nuclear
layers ofBufo bufo gargarizanandGekko japonicuandColumba livia are more than their outer nuclear layers, on the contrary, retinal
inner nuclear layers @tenopharyngodon idellandCynops orientaligre less than their outer nuclear layers. The rod and cone layer of
retina ofCynops orientalisvere more advanced, but their nerve fiber layer (NFL) degraded highly, revealing a strong photosensitivity
but a low visual sensitivity; t€olumba livia, their NFL of retina are highly developed, so as their vision. The different structures and
functions of the retina oftenopharyngodon idella&Cynops orientalis, Bufo bufo gargarizar@ekko japonicugnd Columba livia
correspond with their behavioral characteristics and the living environment’s change from aquatic to amphibious to land.

KEY WORDS: Ctenopharyngodon idellaCynops orientalis Bufo bufo gargarizans Gekko japonicasColumba livia; Retina;
Comparative histology.

INTRODUCTION

There have been some reports about research on @eeordance with the evolutionary relationship of vertebrates
morphology, structure as well as functions of animal retindkom aquatic animals to amphibians to reptiles and then to
(Zhang & Jia, 2003; Zheng & Zhang, 2005; Zhatgl, birds, in order to understand the evolutionary characteristics
2007). Zhang & Jia made comparative studies oof retinal histology in these five kinds of animals and
microstructure of retinas for 5 species of lacertillia in 2003 ccumulate relative data on morphology and histology for
Zheng & Zhang observed and compared microstructure tbie research on animal retinal system development as well
retinas foiBatrachuperus tibetaniendRana guadranuim  as ophthalmology.

2005, and Zhangt al made the histological observation

and comparison on the retina ©hrysolophus pictusnd

Jspalura splendidan 2007. All these research results shoWMATERIAL AND METHOD

that there are some differences between animal retinal

structures, which are adaptive to their habitats and life styles.

This paper selects and makes a comparison to We collectedCtenopharyngodon ideliandBufo bufo
Ctenopharyngodon idellaCynops orientalis, Bufo bufo gargarizansfrom Bai Guishan Reservoir Wetland, Ping
gargarizans, Gekko japonicusnd Columba livia in  Dingshan cityCynops orientalifrom Jigongshan, Xinyang
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city, Henan ProvinceGekko japonicuom Ye County, Ping the sections was {dm and by H-E staining; fluorescence

Dingshan city;Columba livia were purchased from inverted microscope (Nikon ECLIPSE TE2000-U) was used

downtown, Ping Dingshan city. to observe, photograph as well as to measure them, and

measured data was analyzed with T-test by SPSS17.0 software.

Ten samples from each kind of animals are taken

regardless of sex, and their left eyes were removed. AIBESULTS AND DISCUSSION

anaesthetizing and killing these animals, eyeballs were fixed

in Bouin's solution, then the part extremely near the center

front and rear the animals’ retina was transected, and The basic morphological characteristics of animal

conventional paraffin sections were made. The thickness sdmples. Is shown in Table I.

Table I. The basic morphological characteristicsCténopharyngodon idella&Cynops orientalis, Bufo bufo
gargarizansiekko japonicuandColumba livia

Ctenopharyng Cynops Bufo bufo Gekko Columba
odoniddla orientalis gargarizans japonicus livia
Weight (kg) 1.11+0.03 0.004+0.0004 0.08+0.009 0.01+0.005 0.24+0.04
Theweight of eye(g) 1.61+0.15 0.11+0.01 0.26+0.10 0.14+0.02 2.49+0.23
Front and rear diameter of eye (mm) 7.64+0.89 3.11+0.13 6.92+0.48 5.87+0.54 10.36+0.87
Horizontal diameter of eye (mm) 13.62+0.85 3.74+0.28 7.03+0.74 6.03+0.44 14.28+0.32
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Fig. 1. Comparative observation of transverse section about five kinds of animal's retinal structures. A. The retinada transve
section ofCtenopharyngodon idellgd0x10); B. The retina in transverse sectiophops orientalig40x10); C. The retina

in transverse section &ufo bufo gargarizang40x10); D. The retina in transverse sectiocekko japonicag40x10); E.

The retina in transverse sectiorCQiflumba livia (40x10); F. Present the part A of transverse section in image B of this figure,
and G. Present the part B of transverse section in image B of this figure. PEL= pigment epithelium layer; RCL= rods and
cones layer; OLM= outer limiting membrane; ONL= outer nuclear layer; OPL= outer plexiform layer; INL= inner nuclear
layer; IPL= inner plexiform layer; GCL= ganglion cell layer; NFL= nerve fibers layer and ILM= inner limiting membrane.
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Table II.Ctenopharyngodon idell&ynops orientalis, Bufo bufo gargarizans, Gekko japorémdéColumba livia retinal each layer thickness measuring results (umij:
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Retinal histological structure characteristics of animal samplesThe
retinal histological structures d@tenopharyngodon idellaCynops
orientalis, Bufo bufo gargarizans, Gekko japonicasdColumba livia

are shown in Figure 1. They resemble each other, from the outside to the
inside are divided into 10 layers, which are listed as follows: pigment
epithelial layer (PEL), rod and cone layer (RCL), outer limiting membrane
(OLM), outer nuclear layer (ONL), outer plexiform layer (OPL), inner
nuclear layer (INL), inner plexiform layer (IPL), ganglion cell layer (GCL),
nerve fiber layer (NFL), and inner limiting membrane (ILM). In the 5
kinds of animals, all the central parts of retina are thick while the
surrounding parts are thin.

The result of measuring each layer thickness in five animals retina
can be seen in Table Il, and the measured data are analyzed with T-test by
SPSS17.0 software, shown in Table Il1.

The measurement results of retinal histological structures in each
animal sample show that: (i) It can be seen from the ratio of the thickness
of rod and cone layer accounting for the total thickness of retina (the res-
pective ratio ofCtenopharyngodon ideljaCynops orientalis, bufo bufo
gargarizans,Gekko japonicasandColumba livia is 50.74%, 25.65%,
30.87%, 17.13% and 23.03%) that photosensitivitgekko japonicas,
Columba livia, Cynops orientalis, Bufo bufo gargarizaasd
Ctenopharyngodon idells enhanced in sequence. (ii) In the retinas, the
INL and IPL constitute the secondary neurons, while the GCL and NFL
form the third neurons. The NFL is closely related to visual development
degree.

In the measurement results, the respective proportions of NFL in
each animal sample accounting for retinas are 0.&4tdps orientalis
3.60% @ufo bufo gargarizans 4.32% Gekko japonicas 5.71%
(Ctenopharyngodon idel)aand 12.47% Columba livia), and the
proportion reveals a gradual increasing trend, which shows that the
development degree of the visual sense of these animals increases gradually.

The comparison of retina between each nuclei layer and the diameter

The cell nuclei of each nuclear layer near the central portion of retinal
front and rear axle was observed in 5 kinds of animals under the microscope,
statistical analysis on the layer number of cell nuclei in 3 nuclear layers
was carried out and the diameters of cell nuclei measured. The results are
shown in Table IV. The results show that: (i) The layer number of cells in
retinal inner nuclear layer &ufo bufo gargarizans;ekko japonicuand
Columba liviais more than that in outer nuclear layer and the layer number
of cells in outer nuclear layer is more than that in ganglion cells. That
retinal structure achieves the aims that multiple input signals of visual
cells gather to a ganglion cell, so that each ganglion cell has a larger
receptive field so as to improve the light sensitivity as well as visual
sensitivity (Zhang & Jia; Zheng & Zhang) and to adapt to the terrestrial or
crepuscular predatory activities; (ii) the maximum layer number in outer
nuclear layer o€ynops orientaliss 6 to 9 and its thickness accounts for
the largest proportion of retina (35.60%) with largest nuclei diameter (8.45
um), while the diameter of cell nuclei in inner nuclear layer is g8

the outer nuclear layer @tenopharyngodon idelles divided into 5 to 6
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% layers, and it has the least number of inner nuclear layer (2 to 3 layers)
& % LAV R Yow while its thickness accounts for the least proportion in retina (7.58%). It
{5 g2z SX § § o § g has the highest degree of photosensitivity and lower degree of visual
= Q sensitivity, which are suitable to nocturnal activities; the layer number in
-% inner nuclear layer dufo bufo gargarizans 5 to 8, the diameter of cell

% wl. .. ) nuclei (5.11um) is smaller than that @ynops orientalieind the diameter

> |z 888 083 § g §| o sg of nuclei in outer nucl_ear Iaye_r is 5.}3]111_; the layer number in inner nu-

= 8639 ccooo a9 clear layer of terrestrigdbekko japonicuss 8 to 9 and the outer nuclear

S oeee °° layer is 2 and the ganglion cell layer is divided into 2 layers; the cells in
E‘* outer nuclear layer aolumba livia are small with high density and the

) al. .. o ) inner nuclear layer is divided into 8 to 10 layers, therefore, the capability
v 218888588388 of receiving visual information and analyzing visual information is
g E 333ococg335g enhanced with a high degree of visual resolving power, which lays the
2 structural foundations for their reliance on visual terrestrial predation (She
g et al, 2011).

> Blegbdbasbsd

T 8538585885888

] n®“®°ccoc®ocococo CONCLUSIONS

4=

5 . . .
g Q5w bbb bbb Through the Qbservatlon and measurgment, ;tausucal anaIyS|§ as
= c‘éﬁ 8888888888 well as comparative study of retinal histological structures in
% n©®“ocococococococo Ctenopharyngodon idell&€ynops orientalisBufo bufo gargarizan&ekko

s japonicusandColumba livia, the paper draws the following conclusions:

g Ctenopharyngodon idellaas more outer nuclear layers and the least inner
@ Ok & ottt t 1 3 nuclear layers with its thickness accounting for the least proportion in re-
E % § § N § § § § § § § tina, furthermore, it has the highest degree of photosensitivity and lower
.g nmSS°cSccccoo degree of visual acuity, which is suitable to crepuscular activ@aspps

@ orientalishas the most outer nuclear layers, whose nuclei diameter is also
£ the largest, and its thickness accounts for largest proportion, while it has
v g S8 Sne ek Iargest_ nuclei diameter of inner nuglear layer and. less number of layers,
£ |g¥828s885833 which is close t€tenopharyngodon idelldts nerve fiber layer degrades

= <" ° ©ccceocoo highly with lower visual sensitivity and extremely strong photosensitivity,
E which forms the lifestyle of relying on olfactory sense to prey in weak
2 o Iight environ.ment;Bufo bufo gargarizgnspas less ou_ter nuclear layers

b= = % 8 g% g 8 8 8 = 8 with Iar_ger diameter of cell nuc!g|,_wh|le it has more inner r!qc.lear Iayers_,
3 S5 2 2 2 2229 a 2. hence it has strong photosensitivity and weak visual sensitivity, which is
] < % suitable to crepuscular activiti€dekko japonicubas fewer outer nuclear

a = layers with small diameter of cell nuclei while it has more outer nuclear
ﬂ;{ ol. . . o e layers with its thickness accounting for the largest proportion. It has strong
‘E" o |8 383939388k © photosensitivity as well as strong visual sensitivity, hence it is suitable to
) 5gge2e59599 8|5 crepuscular activities; retinal histology @blumba livia has small cells

I SRR R=-R=-R=-R=-R-dk: p ' gy

(;'; < £ in the outer nuclear layer and many layers in inner nuclear layer with the
= & thickness of IPL accounting for large proportion and nerve fiber layer
f{ .g 0 4 developed highly, and it has strong capability of receiving and analyzing
; = E 2 888588588 5] visual information. It has a high degree of tolerance to strong light as well
é» g S 23s383ss28s é as strong visual resolving power, and it is suitable to terrestrial flying life.
o = )

ﬁ § % To sum up, the retina @tenopharyngodon idella suitable for

= 'I'/i = nocturnallggtivities; the.retina oitlyn.ops ori.enFaIishast strong

= 3 |y é photosensmv_lty bgt weak visual sensitivity, and its I|festyle is noctu.rnal,
25 3g 3 =34 2 - oo =2 furthermore, it mainly relies on olfactory sense for predation; the retina of
gg HrEoo00==0z=], Bufo bufo gargarizanandGekko japonicuss suitable for nocturnal and
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Table IV. The comparison between retinal nuclei layer and the diam&gsrtopharyngodon idell&ynops orientalis, Bufo
bufo gargarizans, Gekko japonicaedColumba livia

GCL INL ONL
Nuclei Nudei diameter Nuclei Nucle diameter Nuclei Nucle diameter
layer (um) layer (M) layer (um)
Ctenopharyngodon idella 1 2.40 2~3 257 5-6 2.47
Cynopsorientalis 1 1.08 3 8.78 6~9 8.45
511 5~8 453 2 531
Bufo bufo qarcarizans 1 (theround nucl &) (the round nuclei) (the round nuclei)
urobutogarg 7.15/4.55 6.61/3.78 7.68/4.47
(the oval nuclei) (the oval nuclei) (the oval nuclei)
Gekko japonicus 2 3.56 8~9 3.30 2 364
Columba livia 1 2.35 8~10 222 3 2.36
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