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For the viral transfection study, sample size was determined based on previously published viral transfection studies that have been published
in other species such as mice (Taymans et al., 2007), rats (Burger et al., 2004), primates (Markakis et al.,2010) and cats (Vite et al.,2003). For
all viral vectors, a minimum of five injections were performed in separate hemispheres of at least three pigeons.For the behavioral analysis,
sample size was determined on previously published entopallium lesion studies that investigated visual discrimination in pigeons (Nguyen et
al., 2004; Cook et al., 2013). Six control and six experimental pigeons were tested in five sessions. Furthermore, we calculated the effect sizes
for our main findings. The obtained effects of our study were all large according to Cohen (1988). Therefore, we are convinced that the
obtained results are robust and reliable.

For the behavioral experiments, pigeons were tested in sessions with 600 trials in total that contained stimulated and unstimulated trials of all
five stimulus classes. Only sessions where the pigeons engaged in at least 50 % of trials were considered for the further analysis to make sure
that pigeons were paying attention and that a reliable amount of trials was gathered per condition. Only sessions where the pigeons reached
a criterion of 75% correct responses in at least one stimulus class were considered for further analysis to make sure that pigeons had
successfully learnt the discrimination as their performance was significantly above chance level.For AAV9-hSyn only qualitative findings are
presented. This serotype was not included in the statistical analysis as it did not result in ChR2 expression. Apart from that, no data was
excluded.

All stainings were performed twice with separate brain series to qualitatively confirm the reproducibility of stainings .For the behavioral study,
six pigeons were retested in five sessions to show that the effect of stimulation is reliable, robust and can be replicated. We could not find a
main effect of session (F(4,40) = .802, p = .531, !p2= .074) nor an interaction of stimulation and session (F(4,40) = .626, p = .647, !p2= .059)
indicating that optical stimulation had similar effects in all tested sessions. Furthermore, the stimulation effect in SC5 was present in 4 out of 5
sessions (session 1 SC5 (t(5) = 4.126, p = .009), session 2 SC5 (t(5) = 2.832, p = .037), session 3 SC5 (t(5) = 2.935, p = .032), session 4 SC5 (t(5) =
1.029, p = .351), session 5 SC5 (t(5) = 5.616, p = .002). However, even though in session 4 SC5 was not significant, in this session a significant
effect was seen in SC4 (t(5) = 2.661, p = .045).

Pigeons were assigned to the experimental and control groups in a randomized order.

The quantification of ChR2 expressing cells and the measurement of ChR2 expressing area was performed blinded. The experimenter was not
aware of the serotype they investigated. Furthermore, the behavioral performance of both experimental and control pigeons was recorded in
MATLAB and was thus not subject to observation (blinded). Furthermore, the experimenter that trained and tested the pigeons was not
aware of the group allocation.

Antibodies including their supplier name are all specified at the specific location in method section of the manuscript

Primary antibody specificity was either evaluated with western blots, based on previously published literature or investigated with
immunhistochemical stainings in negative control samples. For anti-ChR2, brain sections with injections of AAV1-CAG-ChR2, AAV1-




