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Response to Reviewers Comments: 
 
[Editors] Comments for the author: 
  
One reviewer was happy with the paper.  The other 
reviewer gave the paper a low priority and wanted major revisions.  But the 
comments of this 2nd reviewer were, in my opinion, were of the following sorts: 
1) A demand for what would amount to a new paper or 2 papers; this on the overall 
methodology, and reflecting only the point of view of the referee. 
2) concern about semantic issues 
3) minor (to me) issues on how the data should be presented 
4) calls for clarifications. 
  
I think that the methodological questions can be dealt with by a careful rebuttal 
written to the Editors, and perhaps some expansion in the Methods section.  The 
other issues are straightforward. 
 
 
We are grateful to the editor for his thoughtful handling of our manuscript.  Rather than a 
separate rebuttal, we believe we have effectively dealt with each of the Reviewer’s 
comments individually as detailed below. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Reviewer #1: I have no further comments.  I think the authors did a reasonable job 
in addressing my concerns on the original ms. 
 
 
Reviewer #2: 
 
Specific Comments  
 
 1. The method used by the authors, the "spike time response curve (STRC)", can be   
     viewed as a method to represent simulation results, and can sometimes be useful     
     in order to study the effect of delay when all the other parameters remain fixed.   
     It  is not, however, a "theory" because it is uncontrolled.   
 
We agree with the reviewer that STRCs are useful for studying the effect of delay 
between coupled systems.  In fact, we use the STRCs precisely in this way, i.e. to 
understand the ability of oscillators to synchronize in the presence of coupling delays 
under different conditions.   
 
The specific objection of the reviewer, we believe, has three parts which we will address 
individually. 
 
A)  The assumption that each cycle is independent is not satisfied. 
 
In subsection 3.2.1, the authors try to describe conditions for the theory can work. 
The first one is that "oscillators approximately return to their periodic waveform 
within one cycle after an external perturbation". Under this assumption, slow 
currents such as the AHP current cannot be treated, especially not for the "gamma 
oscillations" in the range of 20-50 Hz.  
 
It is not true that the assumption precludes the presence of slow currents in order for the 
analysis to be valid.  First, it is necessary only that each individual current 
"approximately" return to rest within one cycle.  Admittedly, any remaining deviation 
will weaken and possibly negate the results of the STRC, a point which we address with 
part C), below.  Second, specifically regarding the slow AHP current, during gamma 
oscillations the AHP current is either inactive or very weak and has a negligible effect on 
the behavior of the network.  Moreover, increasing the strength of the AHP current 
results in longer cycle periods, allowing more time for the current to approximately return 
to rest before the start of the next cycle. 
 
All of these points have now been included in the text of subsection 3.2.1 
 
 
 
 
 
 



B) The method only applies in the weak coupling limit. 
 
The second assumption is:  "the effect of a perturbation depends only of the time 
that it is received within a given cycle". This means that the effect of a perturbation 
does not depend on the coupling strength, namely that the method is valid only in 
the weak coupling limit!  
 
The effect of a perturbation most certainly depends on the coupling strength and we have 
now more precisely state the assumption to read: "the effect of a *given* perturbation 
depends only on the time that it is received within a given cycle."  Indeed, changes in 
coupling strength result in different STRCs.  However, within the parameter ranges 
described in the Methods section, all of the STRCs were qualitatively similar.   
 
These points also have been added to the text if the same subsection. 
 
 
C) STRC analysis is obtained numerically and is therefore redundant given that the full  
     system must also be simulated for each case. 
 
There is no parameter regime for strong coupling in which the theory is assumed to 
work. In each case, one should simulate the system to see whether it yields correct 
results or not.  
.... 
The paper can therefore be misleading. The only way to present the STRC is as a 
graphical method to summarize simulation results, together with a clear statement 
that it is mathematically wrong to relate to it as a theory. 
 
The STRC analysis is valid only to the extent that its underlying assumptions are 
satisfied.  As described above, the validity of the first assumption depends on how closely 
each current approaches to rest before the start of the next cycle.  Before using the 
STRCs to understand the networks behavior, therefore, we must check that any remaining 
difference from rest is small enough so that the STRC analysis remains valid.  To do this, 
we compare the results obtained using the STRCs to results obtained using the full 
model.  If the two match, then we can be reasonably sure that our understanding of the 
networks behavior, derived using the STRCs, will be valid as well. 
 
STRC analysis contributes beyond simply summarizing the results of the full model in 
two important ways.  First, it provides a means of understanding the networks behavior 
by examining a relatively small and simple subset of simulations, i.e. the time delay of a 
single spike.  Second, it provides a simple link between the intrinsic and synaptic 
properties of the network and the network’s global behavior.  That is, to understand the 
behavior of the full network, we need only understand how the intrinsic and synaptic 
properties contribute to the shape of the STRC. 
 
 
 



2. The definition of the "alpha", "beta" and "gamma" rhythms (subsection 3.3)  
    belong only to the authors. They should write clearly in the text that the  
    definitions are not related to the "alpha", "beta" and "gamma" rhythms  
    observed in experiments. 
 
 
We have added a sentence to the first paragraph of subsection 3.3 clarifying the 
relationship between our definition of each rhythm and the standard descriptions given in 
the literature. 
 
 
3. Subsection 4.3.2, beside being full with details and hard to read, is also wrong.  
    This is because the author study the effect of slow AHP currents, which cannot be  
    studied with the STRC method. Please omit this subsection, together with Fig. 6.  
    Subsection 4.4 does not have any new results, so it should be omitted as well. 
 
 
The validity of the STRC method in the presence of slow currents is addressed above. 
 
Regarding subsection 4.4:  While it is true that the behavior of the heterogeneous and 
layered networks is similar to that of the two-oscillator model, we feel the results provide 
important controls in support of our overall findings.  First, the data demonstrate that our 
results are robust in the presence of noise.  Second, the data demonstrate that the same 
behaviors are observed with the cortex more properly modeled as a layered structure, 
with hyperpolarization-activated currents localized to the deep layers.    
 
 
 
4. Despite the fact that the authors acknowledge that they treat "delay" and not  
    "distance", they still use the word "distance" throughout the paper (P. 7 line 12,  
    P. 22, 3rd paragraph). Please correct. 
 
We have replaced the remaining references to "distance" with a reference to "delay" on 
p.23 (previously p. 22) and also on page 13.  On p. 7, our reference to cortical distance is 
clarified in the following sentence wherein we state, "... physical separation between 
oscillators is modeled using a time delay, /delta > 0, with longer delays corresponding to 
greater distances."      
 
 
 
 
 
 
 
 
 



5. Fig. 3 should be replaced by a contour plot or by a 3-dimensional curve. The  
    boundaries between the rhythmic states can be plotted as well.  The table is hard  
    to interpret. 
 
 
We appreciate the reviewers difficulty with Figure 3.  We attempted to represent our data 
using a 3-D plot, but found that the added dimension simply made interpretation even 
more difficult.  We also attempted to use a contour plot, but mapping the contours with 
lines made it difficult to distinguish the boundaries between rhythmic states while 
mapping the contours with shading confounded our use of shading to distinguish between 
synchronous versus asynchronous states.   
 
To better distinguish between the frequency values, boundaries, and synchronization 
properties, we have remade the graph using a different combination of typefonts.  We 
hope our new choices make the table easier to interpret. 
 
 
6. Abstract: "We find that state-dependent transition in the type of rhythm and its  
    ability to synchronize between separate cortical regions emerge from the same set  
    of biophysical mechanisms". Does this sentence have meaning?  
 
Yes.  We have reworded our statements in the abstract to be more clear. 
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�·~����5~"~��C�¢���*�~7����� �¡  �<�C�*�¢�����9�����¤~O�������C�¿���£���<�����������
���[�C�j���9��~   �C�������¨��¨�����   ��� � 'J�<���®��~O�����������O� }   �5~����<���9�9�����T�<�C�9�<�C}�~O��������~��%Á�� ����Ã'��~O�~!ª�����}�����T�������$���T�C�<���<¦ # , '�À � )	� ) ��*"$ �P) �%$ ��¦
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�<����������~��'�C�����~O�C�<�9��� 'l���]���<�����C�5�¨�   �]��¦ ��¦6|b���$��   ��¦ , �   �������<�W¦ � � ��) Å �P� ��Å ¦
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�¯���=�<��� , ©6�(�����<�+�����   � � � ©!´½}C����������������� ¹A'�©>°±��~   � Â � Á���������Ã �·~��®�®~
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°����®�����9�9�®§© �¯���<�����<� &0© � ~�«9}C�<���_�"¹Y© � �   ª0�<�����C� '8Â¿© ÀT� ���C�jª���¾¡�6°���©=ÀT���<����~��C�

¹ÄÁ �!���%��Ã,ÀT}C�����¨��~��C�·���<�C�   �1�F���9��� �C�¤~��¨�����<�����8~������T�<�¤~R���<�¯ª�����}¿~   �����<�+�����C����<���=���C���<�¯���7�<���¨������~��'����~��C��~O�C�w���C���C�C���<�8���7���+��~��9�8�<���¨���*¥������<~O��� JLF H JLH�N ¦
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°'��~   �wÂ � © ���9¬��<�¨�T� �%�¿Â·©=´½}����������C�O������¹A'ÄÁ Å ����� Ã & ~���� �����<������~O�������C�����w|b���¨�
������~O�6|b�����   �����<¦�¹"§�° # ���9��� �|~����C�����C����¦

°'��~   �µÂ � © ���9¬��<�¨�T� �%�¿Â·©!´½}����������C�O����� ¹A' Á Å ��� )�Ã"À]���   �¤~O�������½���1��~��®�®~��}¡�¡��}C�®�1���²���9��ª0����¾¡�����8���+���<���C�   �����C��~����`�+�T��~������C~��b�9�<�����<¦ ��¦�|b���®�   ��¦
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°'��~   �¢Â � ©�´½}C���������C�������£¹A'�© �   }C� � � © ���9¬��<�¨�]� �%�·Â·©>& ~   ��¾¡�C�<� � �¢Á Å ����� Ã
���3��}����®�9�}�~��C����� ���6��}C� ��� � ����� �¡  �<�C�*�
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°'��~   �3Â � ©¡´½}����������C�O�����5¹A'�©]|b���������C��À � Á Å+���	� Ã�'8�C~����T�����0�O���+~����5~¯��}¡�¡��}C�®�
���3��}C����~O��}C���C�=�]�<~��®�   ����3�T�������K~��C�����3�T�����C¦ ��¦ # }+�T�������F¦ �����C�C��� *%� ��Á ��Ã��
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����� À¡���<���I'�©6Â!~��C�=�<�������9�����9� # ©6À�~O���+��}C�9��� ��© # �*�����}�� � Á Å ����� Ã�ÀT�T�C�}������C��«�~R�
���������=�9��ª0�<�9�g���9�®�=����~���~���� �C~������9�~O���<���¨���)¥½�   �����C�£�   �������®�T��~������ ���<�9��C���]�9�<���������®���#�®~��,¦C|b�<���<�C��~��±|b�������*¥ � Á ��Ã�� Å �%)�� Å $ ��¦
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´;~��C� � ��©!�¯��������� � ©_Â!���C«<�9� ��Á Å+���%$ Ã �(�®�9�����9�+�±���C�����C���������<�����¤~O����������~��C�¿���+���9�¨�
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# , '�À � �	� $�$ )�)_� $�$ � Å ¦
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� �
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