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Ibbotson, Michael R. and Nicholas S. C. Price.Spatiotemporal NOT are reported and compared with Wylie and Crowder’s
tuning of directional neurons in mammalian and avian pretectuf000) pigeon data.

a comparison of physiological propertied. Neurophysiol 86:

2621-2624, 2001. Responses were recorded from 72 neurons in the

wallaby’s nucleus of the optic tract (NOT) during stimulation wittMETHOD S

drifting sinusoidal gratings at a range of temporal and spatial frequen-Recordings were made from 72 cells in the NOTSs of 18 wallabies

cies (TF and SF). Most cells (70/72) were TF tuned, but two Wefge o req for extracellular recording as described previously (Ibbotson
velocity tuned. The neurons are placed into two descriptive groupg: 5 1998). The stimuli were monochromatic spatial sinusoidal

fast and slow cells, which prefer SF/TFs of 0.06—-0.6 cpd/0.4-20 fatings moved at TFs of 0.05-24.4 Hz. The gratings had SFs of

and 0.13-1 cpdf1 Hz, respectively. 'I_'he _peak spatiotemporql tuningg 5-1.5 cpd (mean luminance 45-ati—2) and were presented on a
of the neurons are compared for motion in preferred and antl-preferrr;;I nitor subtending 90° (horizontally) by 67°.

directions with little variation observed in most cases. The spatiotem-
poral properties of wallaby NOT are compared with those of pigeon
lentiformis mesencephali: the avian homologue of NOT. The neuroRE SULTS

in the pigeon and wallaby nuclei segregate into fast and slow cells that_. .
operate in similar spatiotemporal domains. The fast and slow cellsFigure 1A shows the SF/TFs that generated the maximum

segregate largely on the basis of TF in wallabies and SF in pigeoR&eferred direction responses for the NOT cells. Cluster anal-
but their respective velocity tuning properties are very similar. In boysis using Ward's method of agglomeration with squared-
species, the mean velocity tuning for fast and slow cells is approftuclidean distance measures (Johnson and Wichern 1992) was
mately 50°/s and 1°/s, respectively. used to group the cells based on the locations of their peak
responses in the spatiotemporal domain. Cluster analysis is
used here because it allows a direct comparison with the results
INTRODUCTION of Wylie and Crowder (2000), who used it to segregate neurons
. . in the LM of the pigeon on the basis of peak spatiotemporal
The pretectal nucleus of the optic tract (NOT) in mammatﬁning. Cluster analysis searches a set of data for natural

o P kB AL W s o A9, a1 . o Srcant s v
optokinetic responses (e.g., Mustari and Fuchs 1990: Wyl] atically established, statistical significance testing is inappro-

and Crowder 2000). The LM is the avian homologue of Noﬁl iate (Johnson and Wichern 1992). Cluster analysis of the

; : OT data produced several levels of clustering that ranged
(McKenna and Wallman 1981). Neurons in both nuclei ar . .9
direction selective with most neurons preferring temporal-tg)?Om 110 72 groups. We chose a grouping that divided the cells

nazalcmotign tf(];%%%r; the contrz(ajlattﬁral eye's visualffie]d. Wyl%g ttVr\]’gtCtLL\'lzt%fglIaggpﬂ%?%%lsm:;ggeg igt]ii Sﬂiilr:t:élvgyogfeefg.a_
and Crowder measured the responses of pigeon : . : :
neurons to drifting sinusoidal gratings thaF': varied in sppgtial a&%g%s) f?:rassﬁ)iiﬂz ?ggvoen%rge:i?n\'\;ﬁ / Zt(ﬂ'iaﬂo{?y'(%ef’_ggﬁz')
temporal frequencies (SF and TF). They found th0% of 1 'a "0 057l g SR B A s respond
the 31 neurons had similar TF response profiles for all SFs ( timally at low TFs €1 Hz) and h'igher SFs (0.13-1 cpd;
tune_d), two neurons were velocity tuned, .and the others h " 1A). For comparison, Fig. @ shows the peak spatiotém—
multiple peaks in the spatiotemporal domain. The neurons f ral tuning of neurons ’in the pigeon LM (from Wylie and

into two populations based on the peak responses to the - . ,

ferred direction of motionFast cells preferred low SFs and owder 2000), which also segregate into f@) @nd slow

high TFs (0.03—0.25 cpd, 0.5-16 Hz), asidwcells preferred _(O) cells. We have plotted the image velocity (TI_:/SF) produq-
’ ’ i ' ing the largest response for each wallaby and pigeon cell (Fig.

high SFs and low TFs (0.3-2 cpd, 0.1-2 Hz). The peak spas . . S
tiotemporal tuning for preferred and anti-preferred motic?gzglgnria)'igh? r\C/)?TI]u%slozk)StatlgeZ(jS\gsrse t.)l_'ﬂge\(/je?(?cﬁ logj?]ri';hmc')?
were different for 25/31 neurons, suggesting possible diffgér— ging ) ) y 9

ences in motion coding for the two directions (Fu et al. 199 |g§or? ;n:ljo)/sva(lllz?bylcéegsm;e[)v)eals two cell populations with a
Here the spatiotemporal properties of neurons in the wallal )(7) 9 9 '
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Figure 2A shows a wallaby fast cell’s responses to prahe two motion directions; however, the cells that showed
ferred direction motion as a spatiotemporal contour plaodifferences in TF tuning also showed differences in SF
The peak response occurs at SF/TFs of 0.3 cpd and 7 kming (*).

There is a distinct vertically oriented ridge in the contour

plot showing similar sized responses for a TF of 7 Hz acrogss - yssion

a range of SFs, so the cell is TF tuned. In contrast, the

responses of a wallaby slow cell form a diagonal ridge (Fig. Neurons in the wallaby NOT and pigeon LM segregate
2B), where the TFs generating peak responses equate wittp fast and slow cells with a dividing velocity of approx-
approximately the same velocity for a range of SFs (peakately 4°/s. In wallaby NOT the separation between fast
responses occur at approximately 1°/s). Only 2/72 (3%)nd slow cells is mainly due to differences in TF tuning,
wallaby neurons were velocity tuned, while most were T®hereas in pigeon LM the separation is due to SF tuning.
tuned (Fig. 2A andC). Some (12/31) fast cells had multipleDespite these differences, the peak velocity tuning (TF/SF)
excitatory peaks, but one peak was always dominant, e.ig.similar in the two species. The mean peak velocity tuning
the fast cell in Fig. 2 has a second region of excitation afor the fast and slow cells in the NOT are 0.79 and 50°/s,
SF/TFs of 0.5 cpd/0.4 Hz. compared with 0.93 and 56°/s in LM. These are remarkably

Figure D shows the spatiotemporal tuning for anti-presimilar values for species from different phylogenetic orders
ferred motion from the slow cell in Fig.@ The primary and might indicate similarities in the visual environment
inhibitory region occurs at similar SF/TFs to the excitatorguring eye movements, which could have driven convergent
region in the preferred direction (Fig.C2. However, the evolution. Alternatively, the spatiotemporal tuning proper-
anti-preferred tuning function has a second area of suppréies of the oculomotor nuclei could represent a conserved
sion at high TFs and low SFs, which occurred in 30% «fystem of ancient origin. Studies on other species using
slow cells. The TF producing the maximum or minimundrifting sinusoidal gratings and comparisons with the statis-
response for preferred and anti-preferred motion, respdiss of natural moving scenes are needed to decide between
tively, is plotted for 20 wallaby cells (Fig.R2 points over- the possibilities. Indications from experiments using random
lap). The peak TF tuning is similar for both directions oflot patterns show some similarities between the present data
motion in 18 cells. For two neurons (*), the maximunand other species. For example, 35 and 39% of wallaby and
suppression of spontaneous firing for anti-preferred motigmigeon fast cells prefer velocitiex65°/s, while 33% of
occurred at higher TFs than the peak excitation for preferretbnkey neurons tested with velocities4°/s prefer the
direction motion. Figure B plots the peak SF tuning for same speeds (from FigC8 Mustari and Fuchs 1990).
preferred direction motion against the SF producing maxi- Wylie and Crowder (2000) found that LM neurons rarely
mum suppression for anti-preferred motian 20). Most (6/31) had identical peak spatiotemporal tuning for anti-
cells show small differences in optimum SF tuning fopreferred and preferred motion, possibly because the exci-
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FIG. 2. Spatiotemporal tuning for preferred direction motion for a fast @gllapd 2 slow cellsB andC). D: spatiotemporal
tuning foranti-preferred motion (same slow cell@}s Yellow is excitation above the spontaneous level (30—66 spildeggnding on
the cell), red-brown is the spontaneous rate, and black is suppression below spontaneous (15-46 spikes/s below spontaneous). The
spatiotemporal plots were smoothed using a thin plate spline method to interpolate across SFs and TFs (Ibbotson etal. 1994).
anti-preferred peak TFs and preferred direction peak TFs for 20 newfoas.inE but for SF. The cells marked (*) show large
differences in peak tuning for opposite motion directions. Diagonal lines represent equal peak tuning for both motion directions.

tation arises from retinal inputs while the inhibitory input isaccade-like displacements of the visual scene (Price and
extra-retinal (e.g., Brecha et al. 1980; Fu et al. 1998bbotson 2001).Such inputs would suppress NOT neurons
Wallaby NOT neurons showed a closer match between pe@iking saccades and prevent inappropriate optokinetic responses.
preferred and anti-preferred SF/TF tuning. It is possible thbjpndire_ctional neurons have also been obseyvegi in the pretectum
similarities between spatiotemporal tuning for preferred arf the pigeon (Fu et al. 1998), and suppressive inputs from these
anti-preferred motion in wallabies could partially aris&ells may explain some of the inhibitory regions observed in LM
through reciprocal connections between the NOTs in eaBgurons (Wylie and Crowder 2000).
hem!Sphere' The apprc_)prlate connections ha\./e been Ide.m{ﬂ/e thank Prof. Richard Mark and Dr. Lauren Marotte for assistance during
fied in another marsupial, the opossum, and in that specig§eriments. Helpful comments on the manuscript came from Drs. Ted Mad-
excitation generated by preferred direction motion in ongss and Colin Clifford.
NOT is converted into inhibition in the other nucleus
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