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Figure 1. Device used to 
release acclimated butterflies 
into experimental release 
landscapes at Ft. Bragg. 
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Figure 3. Proportion 
of butterflies that 
moved into and stayed 
in each habitat type, 
given all other choices 
of available habitat. 

Figure 4. Proportion of 
butterflies that moved 
into each habitat by 
survey end, when 
released at an edge 
between the following 
habitat combinations. “*” 
denotes X2(2df) p<0.001. 

Figure 2. Triangulation method 
used to map butterfly movements in 
wetland habitat. Observers 1 and 2 
are at fixed, known positions. 
Compass bearings to the position of 
the butterfly (B), taken at 5 second 
intervals by the two observers allow 
triangulation of butterfly positions. 
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Figure 5. Distributions 
of vector lengths and 
turning angles of all 
butterflies released in 
three habitat types. 
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Figure 6.  For 
each species, the 
bars represent the 
frequency with 
which butterflies 
that moved 
through wetland 
habitat would 
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Figure 7.  Frequency and type of social status changes associated with geographic movements of Red-
cockaded woodpeckers in Ft. Bragg and Camp McCall study population after 1990. 
 

Social Class Changes

Fledge

Helper

BreederFloater

Solitary

Fledge

Helper

BreederFloater

Solitary

J

A

G I

A

E
B L

NS

H

P M

Q

K F

C

R

O

D

  

Transition Female Male 
A 28 17 
B 16 25 
C 183 35 
D 9 75 
F 11 9 
G 4 0 
H 0 7 
I 126 36 
J 1 2 
K 6 1 
L 0 4 
M 0 3 
O 0 2 
Q 0 1 
R 0 9 
S 3 5 

 



#�������,��
;�/�-8��-�
�5/����/.�	3		7�
�����+�������
���
�����������	�	�
��!�
���
��	
�������
�����	
� ��������	���	��� ���������
�
,��������
�!�������$���������+���������	�0 ��
�����
!���	��� 3��
�9
.�A���������
����������.�
"���
���������$
������ ���	�+����
������������������	��
�%*�
��'; ����	�0!����E�<8����	�����
E�%'3� �
+������
��9� ����������!��$-����
�����
�
����
�;&;� ���$�� �	.�

���� ���	�+�������
��������
�������
���
����
����	��������
���� �
��+��
�������������	�������
�
())*�����
�

���+�
��%.(���������
���	!�

��	��+�����+����� �����
��
��� �	���
�
�����
+��
���
����
����
��
���	�09������@3.��=���

�!�
���
������
���� �������$
������ ���	��
����	
��������
�������
��������	�
���	��
�
�������� ���	�����	��������������� �
� ����
��!���������
��
!���
����
�����������B�������
�������������
��
����������  �
�
��	��	������� �������.�

�

�
�
���������	
�����+�	��

��������������������
����������+����
�� � ����+�	���������	������
�
����
��������������	.�����������!���������	��������	��������
��-��� ������2������	�����+���	�
���
�����
.������!�5�!�!���	
������
�+�����������	�����	����� ����
��
����	�
���������%$(��!.��

=��	
������!���
������ ���	��
�
������������
�����
���	!�

��	�� �����������
� �������
�����
0��E�&3���
�
������	���������0��E�&3������
�
�����
���	!�

����5�� ����0��E�83.������
��	����������	�!�������� ��������
����	���	���
���
��!�
���	
��� �����.��2�	���
+���
�
���

���� ���	�
��
���	������������������
�����
���������
��
�����
�� �!�������
�
���-�����	���
�!���
�2���.��>������ ���
��
��	������
��
������
��
����!��� 
�2����!����5������
������������
�
��	����������.��=���		�!���
��
�
���
������	����������	�+�� ����
�����
��!��
���
�� ����	��
�
��	��������
��
�
���
���	!�

��	�+����������	
����
���
��� ������� ������	�
��
����
��� ���?	�
��!���	�0����		��
�����	��
��� ��������	��������������������	
��� ��
����3.��-���������
���
 ���	�
��
���	��������������������

����
���+�
��
�������
����� ���	��	����	
����
��
�
���	!�

���

�������+�	���
�
������	������
��
�
��� ���	�������

�
�������
�� �
����
����	.�����!��$-����+��
	
������!���
������
���	�������!������� ���	��	�	�5��
�
��!������� 	���	���
�����+��
����
���	�����
���' 
� ��������	�	
��
����

����
���+�
��������
��������.������
��� 	!�

��	�����
���� 	���� �������
�����

��
	���������
�
���%@�	� ,��
	.����� ���	����������!��
���
��+�	�
����!��
����������
���	
���.�=������
���
���%@� ���	���
�
����
�<@& �
�!�	� �
����
����
�����
���
��!�
�������
������	
��	����������
�����
���	!�

��	 �������	��������.��

���	�����
�	��� �K������
������
�	�+�����������
����	�
�����
���

���+����� ���	 �����������
�

����
���+�
��
�������
���
����
����	.�����	����
��������� �0%3� ���	�+��	��	� 	�4���
�
����
���0	3�+�������+���0(3� ���	�
��
���	��������� �
�+����� ��+��
�������������

����
��+�
��

�������
��������������083� ���	�
��
���������
�����
���	!�

�� 	����������������

����
���+�
��

�������
��������	.�������
������
�	������� ����
��!�����
���%(� � ��	.��2����
�
��	����	���	��	�

Figure 8. RCW 
being outfitted with 
radio-transmitter at 
Ft. Bragg 2006. 
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Figure 10. Distribution of 
maximum foray distances 
during 149 forays observed 
for 18 tracked juvenile 
female RCWs in spring 
2006 at Ft. Bragg, NC 
 
 

Figure 9. Dates of 
departure from natal 
clusters by juvenile 
female red-cockaded 
woodpeckers. 
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Figure 11.  Locations of a 
juvenile female red-
cockaded woodpecker from 
Cluster 57.  Colored dots 
represent the locations in 
the following chronological 
order: Yellow-Orange-Red-
Purple-Blue. This bird 
forayed extensively within 
3 km of her natal cluster 
before dispersing to Cluster 
8, located 8.5 km to the 
north.  From there she 
continued to foray within 
her new neighborhood 
before settling in Cluster 4 
early in the 2006 breeding 
season as an affiliated 
floater (intruder). 
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Figure 13. The proportion of pre-
dispersal, female red-cockaded 
woodpeckers found to be in their 
natal territories or on a foray 
during daily locations.  Values 
beyond day 60 are less 
meaningful as most birds had 
dispersed by that time, reducing 
the sample size of pre-dispersal 
birds to only three.  Also shown is 
the cumulative proportion of birds 
that had dispersed over time. 
 

Figure 12.  Map of the 
locations of a juvenile 
female red-cockaded 
woodpecker from Cluster 
77.  Colored dots represent 
the locations in the 
following chronological 
order: Yellow-Orange-Red-
Purple-Blue.  This bird 
made several forays within 
3 km of her natal cluster 
before dispersing 10 km to 
the north.  In her new home 
range she did not associate 
consistently with any 
particular cluster or group 
but continued to foray 
extensively within her new 
neighborhood until she 
dropped her transmitter 
there in early May. 
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Figure 15. Violin plots showing height-frequency distributions of first- and last-pulse LiDAR 
returns for tile 70. The width of a plot at a given height shows the proportion of returns coming 
from that height, relative to the total number of returns. The area of each plot shows the 
proportional of each category of returns relative to the total returns. Most first-pulse returns 
come from between 10 and 20 m above the ground, whereas most last-pulse returns come from 
0-5 m. Few first-pulse returns hit the ground. Most bald Earth data are from last-pulse returns. 
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Figure 16. Canopy structure Plot 2 with subplots A and B. The plot and 
subplot boundaries are shown on the 1 ft resolution color aerial photograph. 
The plot location is shown on the inset map as a red dot. In the first round of 
sampling we have collected data at 14 such plots in the following vegetation 
classes: Open long-leaf pine (4), Dense long-leaf pine (2), Open loblolly 
pine (2), Dense loblolly pine (2); Open lowland hardwood (2), Dense 
lowland hardwood (2). 
 

Figure 17. LiDARfirst-pulse return (blue dots) for a 
single 20x50 m field-sampled subplot. Vertical bars 
show geographic position of individual trees 
mapped in the field with DBH > 10 cm. Blue and 
orange lines indicate field-measured height to 
bottom and top of leaf canopy, respectively. There 
are approximately 1000 first-pulse returns within 
this 0.1 ha subplot. 
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Figure 18. Sample tile number 70 with five 50x50 m subplots shown in yellow on the aerial 
photograph. The three panels above show the relative-frequency quantiles of LiDAR first-pulse 
returns within each of three height categories (1-5 m; 1-10 m; >10m). For example, on the upper 
left panel, a bright value indicates that, within the 50x50 m grid cell, a large percentage of returns 
are coming from the 1-5 m height stratum (e.g. cell 27250).  Note that cell 25861 is nearly barren, 
and that no return come from any height category above 1 m, as seen in the top panels. Compare 
sample locations in the aerial photograph with their relative height-frequency quantiles seen in the 
three panels at the top of this image, and the height distributions for the same five plots in Figure 
19. See descriptions of these plots in Table 2. 



�
�
�
�

#������ .���	����
���	��
�
���
����<)�5�<)�!�	�!���� ����	�	��+�����9 �����	�%@�����%;.�

�������=� �-�� �$9�������-/�-�/ �
88;&&� ����	���!����!������
�
��������������

�����+$	
�
 ����+���������
�
����
8(&%8� ���������	��
���	
�����������

�����+$	
�
����+���� �����
�
����
('(<)� ���	��
���	
���������	� 	
��
������+$	
�
����+���� �����
�
�����	����
����
���
���	��
�����


����������
����		�	����9������%@�
(<@*%� 6�

���+��������������
�+�
���	C����	����
����
���
� ����
����������
����		����9������%@�
(@'%8� ��!�������
����
���	�����	��
���	
���������
��������
�� ����
����		�	��	�!����+$	
�
����

+���������
�
����
�

&��3�� �(���#�%�� � %��)�� �'%�� � ��!�"���� ! �"�#�#� 5/����/.�	3�7�
�������
����
�	��
���������
����!��������+�	�
������������!�����
 ��
������
��
�����!��� ����
 ��������	�
�	����������������	��
��!�����
��������
������
��0 9������()3.������������	�����
����!�������������
���	�
�	�
��
�������
�������
���
��������� �����+�
�������	�.��������!����
��	���	�����
���
���
��!��� ���	��	�
������
��!�
��	��	�
�	.��

>������
����!������
� ���������� �
�
�����
�
��	�	���	����
����� �����	��
����	�

�����
�
��
�������������������	��	������	������������
�!���������
�������� 
��������
����!�����09������
()3.�=������
�	
����
��	�
�����
�!������	����
�������

����
���� �
��������
����!����	1�%<)�

�
����()�

��"-	�� 
������
��!�6��2#���
�������		��� ��
������
������ �����9����������
-�������������!C�������	�!�����
�
���	�
��!�
���%�!��"-���������
�� !�6��2#�
��+��
���

��	����,��
.�>������
������	��
	����������	����+�
��
���� ����������	��������
��� ��
���9
.�A�����
"������!��
���A�������������	��������
������
������	�
�	�
��
� �������
� ��������
�
�������
!�������������	���09������()3.�=������������
���������
��� �
�������	�
	�
��
��	��	�
�	��+�����

������������		� ����
������
��
�����	
�
�	.�=��+������	
 ���������	�
��!��	����
���������������

Figure 19. Violin plots of a) first return, and b) last return extracted features for the 5 randomly 
selected 50 x 50 m cells shown in Figure 18. 
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Figure 20. Modeled depressions (color-shaded areas) compared to field delineated 
vernal pools (blue lines) and wetlands (yellow lines). Note that the vernal pools 
delineated by Ft. Bragg Environmental Branch are mapped well by our model. In 
addition, a number of potential vernal pool sites are identified. 
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development of gridded environmental data, as well as a fuller integration of animal 
behavior and landscape data to model and map landscape connectivity for animal 
dispersal.�


