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Commentary on “Modeling temperature manipulation in a circular
model of birdsong production”

Y. S. Zhang!*

The paper titled “Modeling temperature manip-
ulations in a circular model of birdsong production”
by Dima et al. [1] suggests that the birdsong sys-
tem has a circular architecture in which an initiat-
ing area in the brainstem provides inputs to both
the downstream respiratory area and the upstream
vocal control area; the latter subsequently sends in-
put to the respiratory area as well. A consequence
of the proposed architecture is that the birdsong
syllables are generated by the neural commands at
two different timescales corresponding to the two
inputs. The model is successful in explaining the
syllable stretching and breaking phenomena when
an upstream vocal area is cooled down. In this
commentary, I make some remarks on the findings
of this paper and discuss how this work fits into the
current knowledge about birdsong generation.

The avian vocal production system has long been
understood as a feedforward network mainly im-
plemented by a descending motor pathway. In this
picture, a forebrain area HVC (high vocal center,
as a proper name) generates the precisely timed
sequential actions of this complex vocal behavior.
The projection neurons in HVC fire sparsely at spe-
cific time points of the song. These activities acti-
vate the downstream RA (the robust nucleus of the
arcopallium) where the motor patterns are gener-
ated by the activation of a subset of the RA neu-
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rons. The RA neurons then activate the hypoglos-
sal nerve (nXIIts) which controls the syringeal mus-
cles and the respiratory group [2]. It has also been
established that in addition to the descending path-
way, there is an ascending pathway from the brain-
stem to HVC mediated by the nucleus Uva where
the feedback from respiration is fed into HVC. The
descending and ascending pathways form a loop [3].

The circular model proposed in Dima et al. [1]
is compatible with the known architecture of the
avian vocal system. Furthermore, the authors hy-
pothesized that a slower timescale, independent of
the moment-to-moment timing control from the
HVC dynamics, exists in this architecture. In their
model, this timescale is determined by the pulse
activities of an initiating area (IA). This activity
usually signals the start of a long syllable or a bout
of brief pulses. The IA is thought to be in the
brainstem which directly provides input to the ex-
piratory related area (ER). Simultaneously, the TA
also sends information to the HVC2 via the ascend-
ing pathway and initiates the HVC activities. With
this additional degree of freedom in their model,
they can simulate the respiratory patterns of all
types of syllables present in canary songs. The
setup is further supported by the HVC cooling ef-
fects on canary respiratory patterns during singing.

Whereas this study provides further understand-
ing of the dynamics of the avian vocal production
system, it depends on a number of assumptions
that currently lack strong empirical evidence. One
major assumption is the direct input from the hy-
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pothetical TA to the ER. Anatomically, the dorsal
medial nucleus of the intercollicular complex (DM)
seems to project to both the respiratory group and
Uva. However, whether it behaves as the proposed
model has not been reported. Second, the assump-
tion that the syllable type determines the necessity
of direct input seems a bit arbitrary. Why would
the model undergo a qualitative change between
different syllable types? Third, syllable types de-
pend on very specific parameter settings of the TA
activity. If we look at the spectrogram of the canary
song shown in Fig. 1 of Ref. [1], the transforma-
tion from one type of syllable to another is rather
gradual. However, the model-predicted TA activity
exhibits quite distinct behaviors. As the model de-
pends on several parameters, such prediction may
be the result of overfitting.

One possible way to interpret the IA activity is
that it may represent the sensory feedback from
the respiratory system. The biomechanics of respi-
ration imposes a strong constraint on the song dy-
namics [4]. It is conceivable that the slow timescale
is originated from respiration. A future expansion
of the circular model to perhaps a two-loop model
with the respiratory system included may help un-
derstanding the origin and integration of the mul-
tiple timescales in the song production system.

In conclusion, this study provides a convincing
evidence for the existence of multiple timescales
in the avian song production system. On the one
hand, it is compatible with the popular models that
emphasize the role of HVC in timing control. On
the other hand, it proposes alternative generators
of song timing.
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