Role of the optic tectum and general cortex

in reptilian vision'

Optokinetic performance was measured in two groups of
red-eared turtles; next, one group received bilateral ablation
of the general cortex and the other received bilateral ablation
of the optic tectum. After recovery, optokinetic performance
was measured again. Cortical ablation had no effect, whereas
tectal ablation brought about a deficit in responding ina 19-
stripe, but not in a 4-stripe drum. These results support the
traditional view that the optic tectum is a major visual center
in reptiles.

The reptilian brain is of particular interest, in an
evolutionary sense, because it is at this phylogenetic
level that a primitive neopallium or general cortex
first appears. Kappers, Huber & Crosby (1936) discuss
this primitive neopallium, but report that the optic
tectum is the main visual centerinthe reptile. Hertzler
& Hayes (1967) have recently reported that there is some
cortical involvement in reptilian vision, but that this is
evident only when the cortex is ablated along with the
tectum. Tectal or cortical lesions alone had little
effect, The lack of effect of tectal lesions is surprising,
particularly if the optic tectum serves as the main visual
center in reptiles. The present study was undertaken
to make a more detailed evaluation of the effects of
tectal lesions as opposed to cortical ones. The opto~
kinetic measures reported in the Hertzler and Hayes
study were based upon two 1 min pre-and postoperative
trials, during forward and reversed rotation of the drum.
Repeated testing with longer sessions should allow a
more reliable estimate of the average performance of
an animal, Also, testing in more than one type of
optokinetic drum may help to determine the limits of
any effect which is seen.(Ter Braak, 1936; Smith, 1937).
Subjects

Twelve red-eared turtles, pseudemys scripta , cara-
pace length 6 to 10 in. served as the Ss in the experi-
ment,

Apparatus

Cylinders of white transiucent plastic, 12 in. high and
12 in, across, were mounted on the shafts of two vari-
able speed electric motors. One cylinder had alternating
black and white stripes 1 in. wide, with a total of 19
black stripes. The other cylinder had only four black
stripes placed 90° apart within the cylinder. The
cylinders were always rotated at a calibrated 21.5 rpm
(angular velocity 128°/sec).

Procedure

Ss were placed on plastic disks and restrained with
rubber straps. They were then suspended within the
lighted cylinders in such a position that they could be
easily observed by E. E observed the animal through
a half~silvered mirror, and pressed a switch every time
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an optokinetic response (OKR) was observed, Eachtime
the switch was closed, this registered on a counter.
Five such counters were stepped at 1 min intervals,
while a sixth registered the total number of responses
for the 5 min period.

The animals were run in one drum in the morning
and the other in the afternoon, with atleast 3 h between
sessions. The order in which the drums were given was
counterbalanced. This was done for three days, and the
order was reversed from day to day. On the fourth
day, the animals were operated upon. The operative
procedures have been described previously (Hertzler &
Hayes, 1967). Two types of ablation were performed:
The optic tectum was removed in six animals, and the
general cortex was removed in the remaining six.
Assignment to the cortical or tectal condition was
random.

Postoperative testing began on the following day and
continued for three days. Upon completion of this test-
ing, the animals were sacrificed. The brains were re-
moved and placed in 10% formalin for atleast one week,
usually two. After embedding in celloidin, sections were
cut at 40p . Every 10th and 11th section was saved and
stained alternately with Nissl and Weil. Tracings of the
lesions were made using a microprojector. Examples
are shown in Fig. 1. The tectal lesions were not always
complete, but were sizeable in every case. The cortical
lesions sometimes impinged upon the adjacent piriform
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Fig. 1. Representative sections from each group.
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Fig. 2. Preoperative performance in the two drums.

cortex or hippocampus, or rarely upon the underlying
striatum.
Results

Preoperative comparisons between the two groups of
animals showed that the total number of responses of
the two groups did not differ significantly, and that the
responses for each of the 5 min, totaled over the three
days, did not differ significantly. Figure 2 shows the
preoperative performance of the two groups.

The median daily preoperative score was taken as
most representative of the average performance of each
animal, The differences between the scores on the post-
operative test days and this median were computed for
each of the drums. Mann-Whitney U tests were used to
compare the groups with each other and Wilcoxon tests
for matched pairs or Friedman analysis of variance by
ranks was used for pre- versus postoperative compari-
sons.

An examination of the total scores on the two drums
showed that performance in the 4-stripe drum was not
significantly altered by either cortical or tectal lesions,
but that the 19-stripe drum scores for the tectal animals
were significantly lower after the operation. The cortical
animals were unaffected by their surgery, regardless
of the drum used.

Comparison of the postoperative performance in the
19-stripe drum showed that tectal performance was
significantly lower than cortical on Day 1 (p=.047),
almost significant on Day 2 (p=.066), and significantly
different again on Day 3 (p=.032). Figure 3 illustrates
these results.

Ratios of the total postoperative scores over the total
preoperative scores for each of the minutes were cal-
culated. If a differential effect of tectal lesions on the
various minutes was present, these ratios should change

522

000
—— CORTICAL

—=-- TECTAL

-~

o

o
T

19 STRIPED

~n

o

Q
T

TOTAL POST-OPERATIVE RESPONSES
o
=3
o

I 2 3 4 5
MINUTE OF RUN

Fig. 3. Postoperative performance in the two drums.

in some regular way. A Friedman analysis of variance
by ranks showed that no such change was present
(.10< p< .20).
Discussion

It appears that there is an effect of tectal lesions upon
the optokinetic response, but that it can only be seen
under special conditions. Relatively long term runs in
the drum are required, and repeated measures alsoare
helpful, Further, only when the number of stripes is
high will such an effect be present. It is interesting
to note that lesions of the striate cortex in mammals
bring about a reduction or elimination of response to
single stripes with no deficit in response to multiple
stripes (Smith, 1937; Ter Braak, 1936). Cortical lesions,
on the other hand, have no effect under any of the con~
ditions of these experiments. Hertzler and Hayes have
previously shown, however, that cortical damage will
have some effect when combined with tectal damage.

It seems that the tectum can safely be considered the
primary or dominant visual center in reptiles, but the
cortex has a functional role also,

References

HERTZLER, D. R., & HAYES, W. N., Cortical and Tectal function in
visually guided behavior of turtles. J. comp. physiol. Psychol., 1967,
63, 444-447.

KAPPERS, C. U,, HUBER, G. C., & CROSBY, E. C. The Comparative
Anatomy of the Nervous System of Vertebrates. New York: Hafner,
1936.

SMITH, K. U. The relation between visual acuity and the optic pro-
jection centers of the brain. Science, 1937, 86, 564-565.

TER BRAAK, J. W. G. Untersuchungen euber optokinetischen Ny-
stagmus Arch. neerl de Physiol.,, 1936, 21, 309-376.

Notes

1. This research was supported by research Grant NB-05-001 from the

National Institutes of Health.

2. Present address: Department of Psychology, Princeton University,

Princeton, N. J.

Psychon. Sci., 1967, Vol. 9 (9)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFA1B:2005
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200039002000280039002e0034002e00350032003600330029002e000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003100200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




