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Abstract
One hundred years ago, the USFS began its forest research program in a 
two-room cabin near Flagstaff, Arizona, with one staff person, Gustaf A. 
Pearson. The site became known as the Fort Valley Experiment Station and 
YCU�VJG�ğTUV�KP�C�PCVKQPCN�PGVYQTM�QH�TGUGCTEJ�UKVGU�FGXGNQRGF�VQ�CFFTGUU�
uncertainties regarding the rehabilitation and conservation for forest and 
range lands in the nation. Fort Valley’s name has changed over the century 
and for today’s reader, Fort Valley Experimental Forest (FVEF) is used. 
The conference recognized pioneering silvicultural, range, and watershed 
research and how the work continues today. Invited papers and contributed 
RQUVGT�RCRGTU�YGTG�RTGUGPVGF�FWTKPI�VJG�ğTUV�FC[�QH�VJG�EQPHGTGPEG��6JG�
UGEQPF�FC[ĀU�UEJGFWNG�KPENWFGF�ğGNF�VTKRU�CPF�VJG�FGFKECVKQP�QH�PGY�
monuments at the historic Fort Valley Experimental Forest headquarters. 
The conference consisted of USFS retired researchers, current scientists, and 
students that addressed issues affecting the perpetuation of the ponderosa 
pine forest of the Southwest.

Keywords: long-term research, ponderosa pine, range research, silviculture, 
cultural resources, Fort Valley Experimental Forest, Long Valley 
Experimental Forest, http://www.rmrs.nau.edu/fortvalley/

Cover photo: Fort Valley Experimental Forest headquarters 
in winter. The San Francisco Peaks are in the background.  

1920 photo by G.A. Pearson.

NOTE: Papers were edited to a uniform style; however, authors are 
responsible for the content and accuracy of their papers.
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Preface

The conference program committee was comprised of people long 
associated with Fort Valley and its research. Our goal was to summarize the 
important contributions to southwestern forest and range management that 
evolved from Fort Valley-based projects. We pulled folks from retirement to 
prepare the invited papers that list past and present research endeavors. We 
are extremely grateful for their willingness to, at least once more, put pen to 
paper and share their vast experiences. We also thank those who prepared 
poster papers that consist primarily of the most recent research occurring on 
the Fort Valley Experimental Forest.

Daniel P. Huebner, RMRS, provided invaluable help with the technical side 
to these proceedings. The Conference Planning committee included: Diane 
T. Jacobs, Brenda Strohmeyer, Jose Iniguez, Cody Stropki, Doc Smith, Brian 
Geils, Daniel G. Neary, Margaret M. Moore, David R. Patton, and Peter F. 
Ffolliott.
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Welcome!

Forest science has come a long way in only 100 years. 
We’ve learned much from our investigations at Fort Valley. 
Just one century ago, the horse and steam-powered timber 
industry was harvesting giant old-growth yellow pine and 
milling them as fast as the chugging locomotives could pull 
the log-laden cars down the tracks. As far as people could 
see at the time, new forests were not growing to replace the 
big yellow pines that fell to axes and misery whips. This was 
QRW�DQ�LQVLJQL¿FDQW�SUREOHP�WR� WKH�ÀHGJOLQJ�)RUHVW�6HUYLFH�
charged with conservation of the nation’s forest resources. 
The beautiful open park-like stands of giant yellow pine 
extended from Canada to Mexico, and comprised the most 
extensive coniferous forest in the West. Failing to conserve 
the yellow pine forests would be a conservation tragedy 
comparable to the worst nightmares early foresters could 
LPDJLQH��6R��KHUH�ZH�DUH�����\HDUV�ODWHU�DQG��VR�IDU��ZH�GH-
clare the mission accomplished. Lessons learned from Fort 
Valley about our nation’s ponderosa pine ecosystems give us 
reason to celebrate.

The Fort Valley Experimental Forest was established less 
than 100 years after British horticulturist David Douglas dis-
FRYHUHG�DQG�LGHQWL¿HG�WKH�VSHFLHV�FDOOHG�ZHVWHUQ�\HOORZ�SLQH�
and blackjack or bull pine by pioneers, differentiating be-
tween slow-growing and rapidly growing trees, respectively. 
6HWWOHUV�VWDUWHG�EXLOGLQJ�SHUPDQHQW�KRPHV�XQGHU�\HOORZ�SLQH�
only around 50 years before Fort Valley. About all we knew at 
the birth of Fort Valley was that yellow pine made wonderful 
lumber and the old trees were being felled at an alarming rate.

-XVW�VWRS�DQG�WKLQN��VLQFH�D�WHDP�RI�PXOHV�SXOOHG�WKH�¿UVW�
wagon load of supplies to Fort Valley, we’ve landed explora-
tion vehicles on Mars and data about Mars is streaming back 
to earth. It’s been an exciting century for scientists, and the 
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Opening Remarks for the Fort Valley Centennial Celebration

G. Sam Foster, Station Director, USFS Rocky Mountain Research Station, 
Fort Collins, CO

Abstract—The Rocky Mountain Research Station recognizes and values the contributions of 
our scientists and collaborators for their work over the past century at Fort Valley Experimental 
Forest. With the help of our partners and collaborators, Rocky Mountain Research Station is 
working to improve coordination across its research Program Areas and Experimental Forests 
and Ranges to better support an integrated landscape research platform for the Interior West 
region. Given the rich historic context of Fort Valley, and the long-term studies and data it en-
tails, together we can adapt and innovate our future research strategy to meet the challenges 
of the twenty-first century.

next 100 years promise to deliver even greater discoveries. 
7R� GHWHUPLQH� WKH� GLUHFWLRQ� RI� IXWXUH� VFLHQWL¿F� UHVHDUFK�� LW�
helps to examine where we have been. Today we are here 
to recognize the past—so that we can prepare better for an 
uncertain future.

The Fort Valley Experimental Forest Centennial Celebra-
tion provides a perfect setting for commemorating past 
successes in natural resource research in the twentieth centu-
U\�DQG�ULVLQJ�WR�WKH�QHZ�FKDOOHQJHV�RI�WKH�WZHQW\�¿UVW��)RUHVW�
6HUYLFH�5HVHDUFK�DQG�'HYHORSPHQW�KDV�D�XQLTXH�VWUHQJWK�LQ�
the ability to conduct long-term land-based research studies 
over multiple decades and scientists’ careers. The long-term 
GDWD�DQG�UHVHDUFK�VWXGLHV�IURP�)RUW�9DOOH\�DQG�RWKHU�5HVHDUFK�
6WDWLRQ�([SHULPHQWDO�)RUHVWV�DQG�5DQJHV��DQG�WKH�KDUG�ZRUN�
of our dedicated research scientists and their collaborators 
will be invaluable in meeting new research challenges.

I would like to welcome and express thanks to the sci-
entists, partners, and collaborators participating in the Fort 
Valley Experimental Forest Centennial Celebration. I want to 
extend my sincere appreciation to the host for our Fort Valley 
Experimental Forest lands, the Coconino National Forest, 
and congratulations on their centennial celebration this year. 
6LQFH�WKH�YHU\�EHJLQQLQJ��WKH�&RFRQLQR�1DWLRQDO�)RUHVW�KDV�
been a vital and important partner for forest research.

We also deeply appreciate the long-term collaboration of 
WKH�1RUWKHUQ�$UL]RQD�8QLYHUVLW\��WKH�(FRORJLFDO�5HVWRUDWLRQ�
,QVWLWXWH�� 8QLWHG� 6WDWHV� *HRORJLFDO� 6XUYH\�� $JULFXOWXUDO�
5HVHDUFK�6HUYLFH��8QLYHUVLW\�RI�$UL]RQD��6RLO�&RQVHUYDWLRQ�
6HUYLFH�� 8�6�� %LRORJLFDO� 6XUYH\�� .DLEDE� 1DWLRQDO� )RUHVW��
*UDQG� &DQ\RQ� 1DWLRQDO� 3DUN�� WKH� 1DWLRQDO� )RUHVW� 6\VWHP�
6RXWKZHVWHUQ�5HJLRQ�DQG�RWKHU�FROODERUDWRUV�DW�)RUW�9DOOH\��
Northern Arizona University also hosts our Flagstaff 
Laboratory, home to 28 of our full-time employees. Northern 
Arizona University is also a very old and valued partner in 
research at Fort Valley.



Our Celebration’s  
Historic Context

$UL]RQD� KDV� JLYHQ� ³PXOWLSOH� ELUWKV´� WR� )RUHVW� 6HUYLFH�
place-based long-term research. The story is well known of 
5DSKDHO�=RQ��:LOODUG�'UDNH��DQG�*XV�3HDUVRQ¶V�KRUVHEDFN�
ride on a hot August afternoon in 1908 to examine the site 
proposed for what was to become the Coconino Experiment 
6WDWLRQ��$IWHU�ZDLWLQJ�RXW�D�KHDY\�WKXQGHUVKRZHU�DQG�IRUG-
ing a rain-swollen and silt-choked stream, they arrived at 
D�³EHDXWLIXO� VWDQG�RI�SRQGHURVD�SLQH�´�DV�*XV�3HDUVRQ�SXW�
LW�� ³+HUH�´�=RQ� VDLG�� ³ZH� VKDOO� SODQW� WKH� WUHH� RI� UHVHDUFK´�
�*DLQHV� DQG� 6KDZ� �������$UL]RQD�ZDV� DOVR� WKH� ELUWKSODFH�
RI� WZR� RWKHU� LPSRUWDQW� )RUHVW� 6HUYLFH� ¿UVWV� IRU� ORQJ�WHUP�
UHVHDUFK��WKH�¿UVW�5HVHDUFK�1DWXUDO�$UHD��WKH�6DQWD�&DWDOLQD�
51$� LQ� ����� RQ� WKH� &RURQDGR� 1DWLRQDO� )RUHVW�� DQG� WKH�
6DQWD� 5LWD� 5DQJH� 5HVHUYH� LQ� ����� �ODWHU� WKH� 6DQWD� 5LWD�
([SHULPHQWDO�5DQJH�� LQ� VRXWKHUQ�$UL]RQD��7RJHWKHU�� WKHVH�
initiatives served to establish a main strength of Forest 
6HUYLFH�5HVHDUFK�DQG�'HYHORSPHQW�� WKH� DELOLW\� WR� FRQGXFW�
long-term land-based research studies over multiple decades 
and often across the careers of several scientists.

,Q�WKHLU����\HDU�³)RUW�9DOOH\�*ROGHQ�$QQLYHUVDU\´�6WDWLRQ�
3DSHU�� *DLQHV� DQG� 6KDZ� ������� DOVR� QRWHG� WKDW�� ³/DFN� RI�
IXQGV��HTXLSPHQW��DQG�SHUVRQQHO�KDV�DOZD\V�OLPLWHG�WKH�)RUW�
9DOOH\� UHVHDUFK�SURJUDP�´�6RPH� WKLQJV�QHYHU� FKDQJH��)RUW�
Valley lore also has it that during a visit to the Wing Mountain 
6DPSOH�3ORW��*LIIRUG�3LQFKRW�WRUH�KLV�SDQWV�FOLPELQJ�WKURXJK�
D�IHQFH��,Q�DQRWKHU�¿UVW��WKH�)RUW�9DOOH\�6WDWLRQ�ERDVWHG�WKH�
¿UVW�LQGRRU�EDWKURRP�LQ�5HJLRQ���LQ�������MXVW�D�GHFDGH�DIWHU�
*XV�3HDUVRQ�HQGXUHG�KLV�¿UVW�ZLQWHU�LQ�DQ�XQLQVXODWHG�FDELQ��
*XV�PXVW�KDYH�IHOW�KH�ZDV�OLYLQJ�LQ�WKH�ODS�RI�OX[XU\�

Fort Valley was originally established to investigate the 
ODFN� RI� SRQGHURVD� SLQH� UHJHQHUDWLRQ� LQ� WKH� 6RXWKZHVW�� ,Q�
WKHLU� ����� ³*ROGHQ� $QQLYHUVDU\´� SXEOLFDWLRQ�� (G� *DLQHV�
DQG�(OPHU�6KDZ�QRWHG� WKDW�RQO\���\HDU� WR�GDWH��������KDG�
KDG�WKH�UHTXLVLWH�FRPELQDWLRQ�RI�LQJUHGLHQWV�IRU�JRRG�UHSUR-
GXFWLRQ��6LOYLFXOWXUDO�PDQDJHPHQW�V\VWHPV�IRU�UHJHQHUDWLQJ��
growing, and harvesting ponderosa pine were developed 
at Fort Valley during this period, and up into the 1980s. 
5HVHDUFK�ZDV�DOVR�FRQGXFWHG�RQ�LQVHFWV�DQG�GLVHDVHV�DIIHFW-
LQJ�SRQGHURVD�SLQH��5HVHDUFK�DW�)RUW�9DOOH\��SDUWLFXODUO\�WKDW�
RI�*XV�3HDUVRQ��KDV�SURYLGHG�IXQGDPHQWDOV�IRU�XQGHUVWDQG-
ing what we now call ponderosa pine ecology. The long-term 
Fort Valley data sets in meteorology, ponderosa pine re-
generation, range conditions, dwarf mistletoe, and western 
conifer stress physiology provide invaluable baselines for 
new research.

The long-term weather records at Fort Valley provide 
an invaluable baseline as we begin new investigations on 
KRZ� WR� DGDSW� WR� WKH� LQÀXHQFHV� RI� FOLPDWH� FKDQJH��:H� DUH�
IRUWXQDWH� WKDW� ORQJ� DJR�*XV�3HDUVRQ� LQYHVWLJDWHG� WKH� UHOD-
tionship of moisture to ponderosa pine seedling germination 
and survival as well as the effect of elevation on ponderosa 
pine. Not only do we know that moisture and temperature 
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are related to the conservation of old yellow pine and the re-
generation of new forests, the databases from Fort Valley tell 
us the amount of moisture available throughout each year. 
At the beginning of this century, we are far better prepared 
WR�PDQDJH�WKHVH�SLQH�IRUHVWV�LQ�D�ÀXFWXDWLQJ�FOLPDWH��:H�DUH�
also better prepared to consider potential elevation changes 
in future ponderosa pine forests, because long ago in 1916 
*XV� SXW� ZHDWKHU� VWDWLRQV� DW� GLIIHUHQW� HOHYDWLRQV�� ,Q� IDFW��
Arizona’s recent prolonged drought has already added new 
FOLPDWH�FKDQJH�GDWD�DW�)RUW�9DOOH\�DQG�RQ�WKH�6DQ�)UDQFLVFR�
3HDNV��6FLHQWLVWV� DUH� DOUHDG\�EHJLQQLQJ� WR� REVHUYH� FOLPDWH�
LQÀXHQFHV�RQ�EOLVWHU�UXVW�DQG�WKH�GHFOLQH�RI�DVSHQ�VWDQGV�

Under the previous organizational structure for the 
5RFN\�0RXQWDLQ�5HVHDUFK�6WDWLRQ��GD\�WR�GD\�RSHUDWLRQV�RI�
([SHULPHQWDO�)RUHVWV�DQG�5DQJHV�ZHUH�GHOHJDWHG� WR�VFLHQ-
WLVWV�LQ�FKDUJH��ZKR�ZHUH�HLWKHU�3URMHFW�/HDGHUV�RU�5HVHDUFK�
6FLHQWLVWV�ZLWKLQ�D�ORFDO�5HVHDUFK�:RUN�8QLW��7KLV�FRQWULE-
uted to a “pride of ownership” of the Experimental Forest 
RU�5DQJH�E\�WKH�5HVHDUFK�:RUN�8QLW�UHVXOWLQJ�LQ�H[FHOOHQW�
care of the facilities and substantial investment in research 
VWXGLHV� E\� WKH� 5HVHDUFK�:RUN�8QLW� RYHU� WKH� \HDUV�� )XQGV�
IRU� WKHVH�ZHUH� LQLWLDOO\�DOO�SURYLGHG�E\� WKH�5HVHDUFK�:RUN�
Unit. Decentralized management worked well when travel 
and communications were slow and cumbersome. However, 
this was not conducive to integrated, collaborative research 
DFURVV�5RFN\�0RXQWDLQ�5HVHDUFK�6WDWLRQ�WHUULWRU\��,Q�UHFHQW�
years, corporate funds were provided for limited corporate 
data collection and archiving of the long-term databases 
deemed to have corporate value.

Our Unique Research Strength

Though the term “ecosystem” had not yet been coined 
ZKHQ�PRVW�([SHULPHQWDO�)RUHVWV�DQG�5DQJHV�ZHUH�VHOHFWHG��
the people doing the job certainly knew one when they saw 
it. Our predecessor’s foresight in establishing a system of 
([SHULPHQWDO� )RUHVWV� DQG�5DQJHV� DFURVV� WKH�8QLWHG� 6WDWHV�
SURYLGHG�WKH�XQLTXH�VWUHQJWK�RI�)RUHVW�6HUYLFH�5HVHDUFK�DQG�
Development to conduct long-term place-based research 
WR� DQVZHU� IXQGDPHQWDO� TXHVWLRQV� LQ� QDWXUDO� UHVRXUFHV��7KH�
5RFN\� 0RXQWDLQ� 5HVHDUFK� 6WDWLRQ¶V� ([SHULPHQWDO� )RUHVWV�
DQG�5DQJHV�KDYH�GHPRQVWUDWHG�WKHLU�YDOXH�PDQ\�WLPHV�RYHU��
Examples of important research from Experimental Forests 
DQG� 5DQJHV� LQ� 5RFN\�0RXQWDLQ� 5HVHDUFK� 6WDWLRQ� WHUULWRU\�
include:

�� ,Q�������:DJRQ�:KHHO�*DS�ZDV�WKH�¿UVW�SDLUHG�
watershed experiment on forested lands in the United 
6WDWHV��HVWDEOLVKHG�LQ�WKH�5LR�*UDQGH�1DWLRQDO�)RUHVW�LQ�
southern Colorado.

�� *XV�3HDUVRQ¶V������PRQRJUDSK�RQ�PDQDJHPHQW�RI�
SRQGHURVD�SLQH�LQ�WKH�6RXWKZHVW��EDVHG�RQ�KLV�ZRUN�DW�
Fort Valley, and other work on ponderosa pine at the 
Black Hills, Long Valley, and Manitou Experimental 
Forests.



�� Long-term work on western larch at Coram Experimental 
)RUHVW��ZHVWHUQ�ZKLWH�SLQH�DW�'HFHSWLRQ�&UHHN�DQG�3ULHVW�
5LYHU��DQG�ORGJHSROH�SLQH�DW�)UDVHU�DQG�7HQGHUIRRW�&UHHN�
Experimental Forests.

�� Fool Creek clearcuts at Fraser Experimental Forest 
GHPRQVWUDWHG�VWUHDPÀRZ�DXJPHQWDWLRQ�DW�VXEDOSLQH�
elevations through partial or complete overstory removal.

�� 2Q�WKH�*UHDW�%DVLQ�([SHULPHQWDO�5DQJH��HDUO\�ZDWHUVKHG�
work demonstrated important linkages between livestock 
grazing, plant cover and soil erosion.

�� $W�WKH�'HVHUW�([SHULPHQWDO�5DQJH��WKH�GHYHORSPHQW�RI�
ecologically sound domestic livestock grazing regimes 
IRU�WKH�VDOW�GHVHUWV�RI�WKH�:HVWHUQ�8QLWHG�6WDWHV�

�� The development of long-term multi-decadal data sets on 
IRUHVW�JURZWK��PHWHRURORJ\��DQG�VWUHDP�ÀRZ�DFURVV�RXU�
Experimental Forests.

5HVHDUFK� HIIRUWV� VXFK� DV� WKHVH� KHOSHG� HVWDEOLVK� )RUHVW�
6HUYLFH� 5HVHDUFK� DQG� 'HYHORSPHQW� DV� D� SUHPLHUH� ZRUOG�
FODVV�UHVHDUFK�LQVWLWXWLRQ��5RFN\�0RXQWDLQ�5HVHDUFK�6WDWLRQ�
is rightfully proud of the substantial contribution from places 
like the Fort Valley Experimental Forest.

Again using ponderosa pine as an example, when we com-
pare our data from Fort Valley with ponderosa pine studies at 
the Black Hills Experimental Forest and at the Boise Basin 
Experimental Forest our understanding deepens for conserv-
ing ponderosa pine ecosystems across their large range. Fort 
Valley is no longer isolated, but is part of a much larger learn-
ing network.

New technology adds new value to the long-term data 
DQG�SUHYLRXV�UHVHDUFK�RQ�([SHULPHQWDO�)RUHVWV�DQG�5DQJHV��
*HRJUDSKLF�LQIRUPDWLRQ�V\VWHP��JOREDO�SRVLWLRQLQJ�V\VWHPV��
multi-spectral remote sensing, and more powerful statistical 
DQDO\VLV� WHFKQLTXHV� KDYH� SURYLGHG� D� VSDWLDO� UHOHYDQFH� DQG�
context previously lacking in the long-term data sets, result-
ing in new insights. The need to access decades of research 
data for a study location highlights the necessity of consci-
entious data archiving and continuously adapting access to 
changing technology.

A Challenge for the Future

7KH� WZHQW\�¿UVW� FHQWXU\� EULQJV� ZLWK� LW� QHZ� FDSDELOL-
WLHV�DQG�FKDOOHQJHV�IRU�5RFN\�0RXQWDLQ�5HVHDUFK�6WDWLRQ¶V�
([SHULPHQWDO�)RUHVWV�DQG�5DQJHV�VXFK�DV�)RUW�9DOOH\��3HUVRQDO�
computers and laptops, data loggers, and communications 
improvements such as high-speed internet access continue 
WR� DFFHOHUDWH� WKH� ÀRZ� RI� LQIRUPDWLRQ�� ,QWHUVWDWH� KLJKZD\V�
and improved secondary roads provide speedy, year-around 
access to areas like Fort Valley that were once considered 
remote and inaccessible. At many duty stations, it is now pos-
sible to drive from a laboratory location to an Experimental 
)RUHVW�RU�5DQJH��FRQGXFW�¿HOG�ZRUN��DQG�EH�EDFN�WKH�VDPH�
or next day, if necessary. The complex research problems we 
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are facing today often can no longer be addressed by a single 
UHVHDUFK� VFLHQWLVW� DQG� UHTXLUH� D� PXOWLGLVFLSOLQDU\� WHDP� DS-
proach at multiple locations.

5RFN\�0RXQWDLQ�5HVHDUFK�6WDWLRQ�LV�DGGUHVVLQJ�VRPH�RI�
these challenges through organizational restructuring. Over 
WKH�SDVW�WZR�\HDUV��UHRUJDQL]LQJ����5HVHDUFK�:RUN�8QLWV�LQWR�
HLJKW�IXQFWLRQDO�3URJUDP�$UHDV�DGPLQLVWUDWLYHO\�VWUHDPOLQHG�
our decisionmaking and management processes, and brought 
a higher level of corporate strategic research planning. Day-
WR�GD\�PDQDJHPHQW�RQ�([SHULPHQWDO�)RUHVWV�DQG�5DQJHV�LV�
still delegated to research scientists-in-charge across four of 
WKH�3URJUDP�$UHDV��+RZHYHU��ZH�DUH�PRYLQJ�WKH�IXQGLQJ�RI�
GD\�WR�GD\�RSHUDWLRQV�IURP�ZKDW�ZDV�RULJLQDOO\�WKH�5HVHDUFK�
Work Unit level to the corporate level. All costs, other than 
those associated with individual research studies, will no lon-
JHU�EH�WKH�UHVSRQVLELOLW\�RI�D�3URJUDP�$UHD��7KLV�LV�LQWHQGHG�
to encourage a more coordinated corporate approach to re-
VHDUFK� DFWLYLWLHV� DFURVV� ([SHULPHQWDO� )RUHVWV� DQG� 5DQJHV��
ZLWK�LPSURYHG�FROODERUDWLRQ�DQG�HTXDO�DFFHVV�E\�DOO�SRWHQ-
tial researchers, regardless of location. Establishment of a 
FRUSRUDWH�OHYHO�([SHULPHQWDO�)RUHVW�DQG�5DQJH�&RRUGLQDWRU�
SRVLWLRQ�DW�5RFN\�0RXQWDLQ�5HVHDUFK�6WDWLRQ�ZLOO�IDFLOLWDWH�
interaction and coordination between Experimental Forests 
DQG�5DQJHV��DV�ZHOO�DV�WKH�FRUSRUDWH�EXGJHWLQJ�SURFHVV�

Today’s research studies address causative factors that 
are external to individual study locations, such as socioeco-
nomic and environmental change. These include the effects 
of climate change and human connections on terrestrial eco-
V\VWHPV��ZDWHU� TXDOLW\� DQG� DYDLODELOLW\�� DQG�ZLOG¿UH� LQ� WKH�
,QWHULRU� :HVW�� DV� DGGUHVVHG� LQ� RXU� GUDIW� 5RFN\� 0RXQWDLQ�
5HVHDUFK�6WDWLRQ�6WUDWHJLF�)UDPHZRUN�8SGDWH��7KHVH�FKDO-
OHQJHV� UHTXLUH� ORQJ�WHUP��ZLGH�VFDOH�DSSURDFKHV� WR�DGGUHVV�
issues affecting geographic regions.

7KH� SUHGLFWHG� HIIHFWV� RI� FOLPDWH� FKDQJH� DFURVV� 5RFN\�
0RXQWDLQ�5HVHDUFK�6WDWLRQ�WHUULWRU\�PD\�KDYH�SURIRXQG�HI-
fects on our terrestrial systems, which can be studied across 
RXU� QHWZRUN� ([SHULPHQWDO� )RUHVWV� DQG� 5DQJHV�� 7KLV� ORQJ�
term place-based network provides the opportunity for 
interlinked terrestrial ecosystems studies to address the in-
teracting components of these systems and the processes that 
control them on a region-wide basis.

Water is an integrative factor and a precious resource in 
WKH�GU\�:HVWHUQ�8QLWHG�6WDWHV� DQG� LV� FULWLFDO� WR� VXVWDLQDEOH�
populations and ecosystems. The rapidly increasing gap be-
tween water supply and demand, and potential changes in 
precipitation and temperature regimes, creates management 
challenges and research opportunities, which we have the ca-
pability to address through coordinated research across our 
([SHULPHQWDO�)RUHVWV�DQG�5DQJHV�

Human connections to Interior West landscapes have 
LQFUHDVHG� GUDPDWLFDOO\� LQ� UHFHQW� GHFDGHV�� *URZLQJ� DQG�
shifting populations have resulted in an expanding wildland-
urban interface. This potentially affects many if not all of 
RXU� ([SHULPHQWDO� )RUHVWV� DQG� 5DQJHV� DV� SHRSOH� DUH� PRUH�
mobile in their recreation and often live closer to their de-
sired recreation destinations. We must also develop studies 
WR� XQGHUVWDQG� DQG� DVVHVV� WKH� UROH� RI�ZLOGODQG�¿UH� WKDW�ZLOO�



increase ecosystem resiliency. We look forward to the op-
portunity to coordinate research throughout our Interior West 
([SHULPHQWDO�)RUHVW�DQG�5DQJH�QHWZRUN�ZLWK�RWKHUV�QDWLRQ-
wide through such efforts as the National Experimental Forest 
DQG� 5DQJH� 6\QWKHVLV� :RUNVKRS� VFKHGXOHG� IRU� 6HSWHPEHU��
2008.

Summary

We are moving away from the organizational decentral-
ization that was a necessity in the early days of the Forest 
6HUYLFH��7KLV�LV�QHFHVVDU\�LQ�RUGHU�WR�PHHW�WKH�QHZ�JHQHUDWLRQ�
of research challenges that are regional, national, and global 
in their context. New technologies allow state-of-the-art re-
search studies to build on the existing long-term data available 
DFURVV�RXU�QHWZRUN�RI�([SHULPHQWDO�)RUHVWV�DQG�5DQJHV��DQG�
DSSO\�LW�WR�DQVZHU�TXHVWLRQV�QHYHU�GUHDPHG�RI�E\�WKH�UHVHDUFK�
scientists who initiated their studies decades ago. This is the 
beauty of well conceived and executed long-term research. 
5RFN\�0RXQWDLQ�5HVHDUFK�6WDWLRQ�([SHULPHQWDO�)RUHVWV�DQG�
5DQJHV��VXFK�DV�)RUW�9DOOH\��ZLOO�PHHW�WKLV�FKDOOHQJH�WKURXJK�
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D�ZLGHQLQJ�QHW�RI�UHVHDUFK�FRRUGLQDWLRQ�WR�DQVZHU�TXHVWLRQV�
important to the Interior West.

Today managers stand at an intersection in time amid a 
growing throng of challenges. Looking in one direction we 
see climate change coming, in another an expanding wildland 
urban interface, and in still another invasive species rapidly 
spreading. We hope by continuing the work started at Fort 
Valley we can help land managers safely traverse this excit-
LQJ� LQWHUVHFWLRQ� LQ� WLPH�� )RUHVW� 6HUYLFH� UHVHDUFK� VFLHQWLVWV�
will work side-by-side with managers and policy makers to 
QDYLJDWH�WKHVH�FKDOOHQJHV��3OHDVH�MRLQ�PH�LQ�FHOHEUDWLQJ�����
years of accomplishment at Fort Valley and looking forward 
to meeting new challenges in the next century.

Reference
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'URXJKW�� ZLOG¿UH�� H[WLQFWLRQ�� DQG� LQYDVLYH� VSHFLHV� DUH�
considered serious threats to the health of our forests. 
Although these issues have global connections, we most 
UHDGLO\�VHH�WKHLU�FRQVHTXHQFHV�ORFDOO\�DQG�DWWHPSW�WR�UHVSRQG�
with management based on science. For 100 years, the Fort 
9DOOH\�([SHULPHQWDO�)RUHVW��)9()��KDV�SURYLGHG�HGXFDWLRQDO�
and experimental support for management of natural ecosys-
WHPV�LQ�WKH�6RXWKZHVW��7KLV�LQWURGXFWLRQ�SURYLGHV�D�FRQWH[W�
for how we address forest health threats through adaptive 
management.

Fort Valley is a forest-enclosed prairie in northern 
$UL]RQD��DW�WKH�EDVH�RI�WKH�6DQ�)UDQFLVFR�3HDNV��7KH�YROFD-
QLF�3HDNV�IRUP�DQ�LVRODWHG��FRPSDFW�PRQWDQH�FRPSOH[�RQ�WKH�
H[WHQVLYH�&RORUDGR�3ODWHDX��7KH�6RXWKZHVW�LQFOXGHV�VHYHUDO�
ecoregions with highland landforms in a warm-dry conti-
QHQWDO�]RQH��3UHFLSLWDWLRQ�LV�VWURQJO\�ELPRGDO�GXH�WR�ZLQWHU�

VWRUPV�DQG�VXPPHU�PRQVRRQV��DQQXDO�SUHFLSLWDWLRQ�LV�KLJKO\�
YDULDEOH��7KH�6RXWKZHVW�LQWHUIDFHV�ZLWK�VHYHUDO�ELRWLF�SURY-
LQFHV²5RFN\�0RXQWDLQ��*UHDW�3ODLQV��0H[LFDQ��&DOLIRUQLDQ��
DQG�*UHDW�%DVLQ��%HFDXVH�RI�LWV�JHRJUDSK\��WKH�UHJLRQ�KDV�D�
relatively high biodiversity and is characterized by numerous, 
isolated ‘sky islands’ with biota that are generically similar 
but locally distinct. The biological phenomena of life zones 
DUH�ZHOO�GLVSOD\HG�DV�RQH�DVFHQGV�IURP�WKH�3DLQWHG�'HVHUW�WR�
WKH�VXPPLWV�RI�WKH�6DQ�)UDQFLVFR�3HDNV��DV�¿UVW�VFLHQWL¿FDOO\�
described by C. Hart Merriam in 1890. His observations on 
WKH�GLVWULEXWLRQV�RI�ÀRUD�DQG�IDXQD�DQG�WKHLU�FRUUHODWLRQ�WR�HO-
evation, aspect, and therefore climate, demonstrate the value 
of Fort Valley as a biogeographical laboratory.

In the late 1800s, the northern Arizona forests provided 
an abundant timber supply of valuable and easily harvested 
southwestern yellow pine (Pinus ponderosa�� IRU� UDLOURDG�

Fort Valley: A Natural Laboratory for Research and Education

Brian W. Geils, Fort Valley Scientist-in-Charge, USFS Rocky Mountain 
Research Station, Flagstaff, AZ

A graphical rendition of the San Francisco Peaks, circa 1890 illustrates forest stands were composed of 
several size-classes, arranged into tree groups and openings. Because several non-forested, alpine 
slopes in the composition closely resemble what is seen today, this artwork is considered a faithful 
representation. From: C. Hart Merriam.North American Fauna No. 3. (orig. pub 1890. In: Selected 
Works of Clinton Hart Merrian, NY: Arno Press. 1974.

In: 2OEHUGLQJ��6XVDQ�'���DQG�0RRUH��0DUJDUHW�0���WHFK�FRRUGV��������)RUW�9DOOH\�([SHULPHQWDO�)RUHVW²$�&HQWXU\�RI�5HVHDUFK������������
3URFHHGLQJV�5056�3�����)RUW�&ROOLQV��&2��8�6��'HSDUWPHQW�RI�$JULFXOWXUH��)RUHVW�6HUYLFH��5RFN\�0RXQWDLQ�5HVHDUFK�6WDWLRQ������S�
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WLHV�� 7KH� KDUYHVWLQJ� SURFHVV� UHTXLUHG� WKH� KHDY\� FXWWLQJ� RI�
old-growth timber with little attention given to future pro-
ductivity. This era did, however, generate a concern for forest 
conservation and especially the local need for regeneration of 
SRQGHURVD�SLQH�RQ�FXW�RYHU�ODQGV��*�$��3HDUVRQ�TXLFNO\�GH-
termined that ponderosa pine seeds irregularly and conditions 
IRU�JHUPLQDWLRQ�DQG�HVWDEOLVKPHQW� LQ� WKH�6RXWKZHVW�DUH� LQ-
IUHTXHQW��&KDQFH�FRPELQHG�IRU�VHYHUDO�\HDUV�DURXQG������WR�
DEXQGDQWO\�UHJHQHUDWH�)RUW�9DOOH\¶V�SLQH�IRUHVW��6LOYLFXOWXUH�
research could then focus on improvement cutting and re-
duction of losses from various agents including sheep and 
mistletoe.

An extensive forest of young ponderosa pine developed. 
)LUH� VXSSUHVVLRQ� FDXVHG� D� QHDU� DEVHQFH� RI� WKH� IUHTXHQW��
VXUIDFH� ¿UHV� FRPPRQ� LQ� SUHFHGLQJ� JHQHUDWLRQV� DQG� WKH�
new forest hardly resembled the forest it was replacing. 
Technology also developed so by the time of the second 
cut on Fort Valley silviculture plots, truck logging replaced 
UDLOURDG� ORJJLQJ��6LOYLFXOWXUDOLVWV� FRXOG� FRQVLGHU�RSWLRQV�RI�
OLJKWHU�DQG�PRUH� IUHTXHQW�FXWWLQJV��$OWKRXJK�VKHHS�QR� ORQ-
ger were a menace to pine, mistletoe became an even greater 
WKUHDW��3ORW�H[SHULPHQWV�WR�FRPSDUH�DOWHUQDWLYHV�IRU�VLOYLFXO-
tural control of mistletoe were supplemented with detailed 
studies of life history and epidemiology. Other research of 
the time included continuation of meteorological observa-
tion, range investigations, studies of other tree species (e.g., 
'RXJODV�¿U�DQG�DVSHQ���DQG�H[SDQVLRQ�RI�ZRUN�WR�DGGLWLRQDO�
sites in the region.

1HZ�UHVHDUFK�PHWKRGV�DQG�TXHVWLRQV�HPHUJHG�DV�WKH�QHZ�
pine forest grew into dense stands of mostly even-aged black-
jack ponderosa pine. Technology provided mensurationists 
with electronic computers and improved statistical analysis. 
For optimizing forest productivity through density manage-
ment and sanitation, research developed growth and yield 

models. Before prescribed burning was a common manage-
PHQW�SUDFWLFH� LQ� WKH�6RXWKZHVW��)RUW�9DOOH\�UHVHDUFK�EHJDQ�
TXDQWLI\LQJ�WKH�HIIHFWV�RI�GLIIHUHQW�EXUQLQJ�UHJLPHV��7KH�GLV-
appearance of old-growth yellow pine exacerbated concerns 
over loss of wildlife species and their special habitat needs 
such as large snags.

The 1919 pine forest has reached middle age. Dominant, 
unstressed trees are large and their growth is still accel-
HUDWLQJ�� EXW� PDQ\� WUHHV� DUH� FURZGHG� DQG� WKHLU� JURZWK� LV�
VXSSUHVVHG��:LWK� WKH� RFFXUUHQFH� RI� H[WUHPH�¿UHV� DQG� EDUN�
beetle infestations, more of the public became involved in 
forest management discussions and pressed for reduction 
RI�¿UH�KD]DUG�DQG�UHVWRUDWLRQ�RI�IRUHVW�KHDOWK��5HVHDUFK�KDV�
been established at Fort Valley to test whether re-creating a 
SUH�VHWWOHPHQW�IRUHVW�VWUXFWXUH�DQG�¿UH�UHJLPH�FRXOG�SURGXFH�
desirable forest conditions.

The lessons from Fort Valley are that forests and so-
cieties change, sometimes unexpectedly and contrary to 
control efforts. An alternative approach is adaptive manage-
ment—management as experiment, involving a diverse and 
LQIRUPHG�SXEOLF�ZLWK�ÀH[LEOH�PDQDJHPHQW�DJHQFLHV�WR�IRVWHU�
resilient, healthy ecosystems. In that regard, the Fort Valley 
Experimental Forest serves several valuable functions. Fort 
Valley is dedicated for the purpose of long-term research to 
develop better management strategies and tactics, whether 
as historically for maximizing timber productivity or cur-
rently for sustaining ecological services, or in the future 
for responding to climate change. With partners, managers, 
and stakeholders, Fort Valley researchers and professionals 
EULQJ�WKHLU�VFLHQWL¿F�H[SHULHQFH�DQG�NQRZOHGJH�WR�GHVLJQLQJ�
and conducting management experiments. Historically, Fort 
Valley had been the ranger school, now it can be a conserva-
tion education classroom and laboratory for students of all 
ages and diverse interests to learn ecosystem stewardship.

The content of this paper reflects the views of the author(s), who are 
responsible for the facts and accuracy of the information presented 
herein.
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Introduction

Nine miles separate Flagstaff from Fort Valley over a 
PHDQGHULQJ� URDG� WKDW� VNLUWV� WKH� EDVH� RI� WKH� 6DQ� )UDQFLVFR�
3HDNV� FOLPELQJ� IURP� ����� IHHW� WR� ����� IHHW� LQ� HOHYDWLRQ��
The road weaves through a stunning forest interspersed with 
small meadows, or parks. The journey provides glimpses of 
D�VSOHQGLG�SRQGHURVD�SLQH�ZLWK�D����LQFK�GLDPHWHU�DQG�¿UH�
VFDUV�WRZHULQJ�DERYH�VPDOOHU�WUHHV��7KH�¿QDO�PLOH�RSHQV�LQWR�
Fort Valley, an expansive meadow with abundant grass and 
ZDWHU�DQG�D�VHWWOHPHQW�KLVWRU\�GH¿QHG�E\�SHRSOH�ZKR�HQMR\HG�
the beauty and resources but not the extreme weather condi-
WLRQV��)LJXUH����2OEHUGLQJ�������

3URWHFWLRQ� RI� WKHVH� UHVRXUFHV� ZDV� WKH� UHDVRQ� 5DSKDHO�
=RQ�� *XVWDI� $�� 3HDUVRQ�� DQG� WKH� RWKHUV� FRQVLGHUHG� )RUW�
Valley as a research site with a mission to study and perpetu-
DWH� WKH� SUHGRPLQDQW� WUHH� RI� WKH� 6RXWKZHVW²WKH� SRQGHURVD�
SLQH� �)LJXUH� ���� 7KH� IRUHVWV� ZHUH� WKUHDWHQHG� E\� H[WHQVLYH�
logging and grazing and were not regenerating. T. A. and 
0�� -�� 5LRUGDQ�� RZQHUV� RI� )ODJVWDII¶V�$UL]RQD� /XPEHU� DQG�
Timber Company sawmill, foresaw trouble as they faced a 
IDVW�GHSOHWLQJ�UHVRXUFH��8SRQ�WKH�DGYLFH�RI�86)6�LQVSHFWRU�
)UHGHULFN�(��2OPVWHG�� WKH�5LRUGDQV�VHQW�D� OHWWHU� LQ������WR�
WKHLU�IULHQG�*LIIRUG�3LQFKRW��)RUHVWHU�RI�WKH�86'$�%XUHDX�RI�
)RUHVWU\��ODWHU�WR�EH�WKH�8�6��)RUHVW�6HUYLFH���VXJJHVWLQJ�WKDW�
WKH\� ³���GR� VRPH� H[SHULPHQWLQJ� LQ� IRUHVWU\�ZRUN�´� 3LQFKRW�
GLGQ¶W�QHHG�DQ\�HQFRXUDJHPHQW�DQG�GLUHFWHG�&KLHI�RI�6LOYLFV�
5DSKDHO�=RQ�WR�FUHDWH�DQ�RXWOLQH�IRU�H[SHULPHQW�VWDWLRQV��=RQ�
������

In: 2OEHUGLQJ��6XVDQ�'���DQG�0RRUH��0DUJDUHW�0���WHFK�FRRUGV��������)RUW�9DOOH\�([SHULPHQWDO�)RUHVW²$�&HQWXU\�RI�5HVHDUFK������������
3URFHHGLQJV�5056�3�����)RUW�&ROOLQV��&2��8�6��'HSDUWPHQW�RI�$JULFXOWXUH��)RUHVW�6HUYLFH��5RFN\�0RXQWDLQ�5HVHDUFK�6WDWLRQ������S�

=RQ�PHW�\RXQJ�IRUHVWHU�*XVWDI�$��3HDUVRQ�LQ�)ODJVWDII�LQ�
$XJXVW������WR�H[SORUH�VHYHUDO�VLWHV�UHFRPPHQGHG�E\�=RQ¶V�
DVVLVWDQW��6DPXHO�7UDVN�'DQD��IRU�WKH�¿UVW�H[SHULPHQW�VWDWLRQ�
�)U\��������3HDUVRQ��RULJLQDOO\�KLUHG�E\�WKH�86)6�LQ������WR�
work on the Wallowa National Forest, was already in north-
ern Arizona studying reproduction of western yellow pine. 
=RQ� DQG� 3HDUVRQ�PRVW� OLNHO\� HQFRXQWHUHG�86)6�$VVRFLDWH�
)RUHVWHU�$OEHUW�)��3RWWHU��RQFH�DQ�$UL]RQD�OLYHVWRFN�RSHUDWRU��
who had arrived in Flagstaff in late July (Coconino Sun July 
�����������7KH�Coconino Sun�RI�$XJXVW����������QRWHG�

Mr. Zon will establish temporary headquarters 
at Fort Valley for the purpose of making exten-
sive investigations concerning the growth of 
pines, and endeavor to ascertain what causes 
most affect the growth of seedlings. The reason 
for non-growth in localities and other interest-
ing and valuable information will be gathered 
by an exhausting study of conditions here. Mr. 
Pearson will have direct charge of the work.

)RUW� 9DOOH\� ZDV� WKH� ¿UVW� RI� QLQH� 86)6� IRUHVW� H[SHUL-
ment stations that opened between 1908 and 1914 to study 
American silviculture through ongoing research working co-
operatively with a forest’s natural cycle, yet seeking optimal 
growth for timber harvesting. Objectives were to gain knowl-
edge of timber, range, and water resources management and 
to furnish answers to technical and practical issues for both 
SXEOLF� DQG� SULYDWH� ODQGV� DGPLQLVWUDWRUV�� 6LOYLFXOWXULVWV� DQG�
other forest investigators were to appraise the relationship 
RI�WKH�HQWLUH�IRUHVW�ELRORJLFDO�XQLW�DQG�WKHQ�IXUQLVK�VFLHQWL¿F�
GDWD�WR�1DWLRQDO�)RUHVW�PDQDJHPHQW��3HDUVRQ�������

“It Was a Young Man’s Life”: G. A. Pearson

Susan D. Olberding, Historian/Archivist, USFS Fort Valley Experimental 
Forest, Rocky Mountain Research Station, Flagstaff, AZ

Abstract—The nation’s initial USFS research site commenced in a rustic cabin in the midst 
of northern Arizona’s expansive ponderosa pine forest. Gustaf A. Pearson was the first in a 
distinguished line of USFS scientists to live and study there. A visitor to Fort Valley today 
often wishes he could have stood in Pearson’s large boots (he was said to have enormous 
feet) as he and his early compatriots were true pioneers on a journey toward understanding 
nature’s methods of ponderosa pine regeneration. Over the past century, their efforts have 
been honed into an extensive foundation of silviculture, range and watershed research that 
benefits current and future researchers. The pioneering seeds of techniques they sowed and 
carefully nurtured have grown into modus operandi for scientists. The tree Raphael Zon 
planted is now a towering, stately ponderosa pine that proffers progress in science, knowl-
edge, and preservation. This historic spot and its scientific yields have earned celebration and 
acknowledgment. This paper looks at the cultural history of FVEF and provides introduction 
to the subsequent papers in these proceedings.
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Figure 1. Fort Valley park area in 1918 with the San Francisco Peaks 
in the background. The FVEF headquarters are to the left center 
in the trees. This view is looking north. USFS photo 89769 by  
G. A. Pearson.

Figure 2. G. A. Pearson in 1944 just prior 
to his retirement. This photo is taken on 
permanent sample plot 10, near FVEF 
headquarters. USFS photo 433053.

Directors of Fort Valley Experimental Forest
1908-1935 - Gustaf A. Pearson
1935-1942 - Arthur Upson (then the SWFRES)
1942-1953 - Raymond Price
(In 1953, the SWFRES merged with the RMFRES and 

Project Directors have since been in charge of Fort 
Valley/Flagstaff RMRS)
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6JG�9QTM�$GIKPU

Fort Valley provided an ideal research locale as the forest 
had not been decimated by logging because of its distance 
from the railroad. Water was readily available, and an ex-
LVWLQJ� FDELQ� JDYH� 3HDUVRQ� D� KRPH�RI¿FH� �)LJXUH� ���� 7KDW�
¿UVW� DXWXPQ�KH�SODQWHG� D� QXUVHU\�� HVWDEOLVKHG�PHWHRURORJL-
cal sites, and designed experiments. When winter came, he 
relocated to the “Hotel de Flag,” a large house in Flagstaff 
UHQWHG�E\�EDFKHORU�86)6�HPSOR\HHV� DQG�XVHG�DOVR�E\�YLV-
LWLQJ� 86)6� VFLHQWLVWV� �0DXQGHU� ������� +H� UHWXUQHG� WR� WKH�
XQLQVXODWHG� DQG� ¿UHSODFH�OHVV� FDELQ� RQFH� RI¿FLDO� ZRUG� DU-
ULYHG�WKDW� WKH�([SHULPHQW�6WDWLRQ�ZDV� WR�SHUPDQHQWO\�RSHQ�
RQ�-DQXDU\����������$UL]RQD�)DUPHU��������+H�FKLQNHG�WKH�
ZDOOV�ZLWK�ZKDWHYHU�KH�FRXOG�¿QG�DQG�EXULHG�KLV�FDQQHG�IRRG�
in the ground to keep it from freezing, but it still froze and the 
labels came off. He never knew what his meal would consist 
RI�XQWLO�KH�KDG�RSHQHG�D�IHZ�FDQV��6FKXEHUW��������3HDUVRQ��

DFFRPSDQLHG� E\� KLV� WZR� PXOHV�� 3DW� DQG� 0LNH�� FRQGXFWHG�
research within walking, snowshoeing, or riding distance 
from the cabin. Those mules could travel the nine miles into 
Flagstaff in one hour and forty minutes, when encouraged 
with a whip. Later, when more staff was on site, the mules 
HVFRUWHG�WKH�\RXQJ�PHQ�LQWR�WRZQ�IRU�6DWXUGD\�QLJKW�HQWHU-
WDLQPHQW�� 3HDUVRQ� YDOXHG� WKH�PXOHV�� EXW� RQH� VWDII�PHPEHU�
considered them grumpy, independent and more trouble than 
WKH\�ZHUH�ZRUWK��)ULW]�������3HDUVRQ�������

7KH� RI¿FLDO� RSHQLQJ� ZDV� D� EULHI� PHQWLRQ� LQ� WKH� ORFDO�
QHZVSDSHU� VWDWLQJ� WKDW�5DQJHU�:LOOLDP�:��:LOVRQ�ZDV� DV-
VLJQHG�WR�DVVLVW�3HDUVRQ�DW�WKH�([SHULPHQW�6WDWLRQ��Coconino 
Sun -DQXDU\���� �������7RZQVSHRSOH�JHQHUDOO\� UHJDUGHG� WKH�
new facility with passing interest as most were not con-
cerned about a small research lab in distant, cold Fort Valley. 
Foresters and lumbermen, and later, stock raisers, were cog-
QL]DQW�RI�WKH�6WDWLRQ¶V�ZRUN��EXW�LWV�UHPRWH�ORFDWLRQ�OLPLWHG�
visitors and curiosity seekers.

Figure 3. The ranger cabin 
that Pearson used as 
quarters when the FVEF 
first opened during the 
winter of 1908-09. USFS 
photo 89799 by G. A. 
Pearson.

Figure 3a. The ranger cabin as 
it appeared in August 1909. 
Screened planting beds and shade 
frames appear in the foreground. 
USFS photo 83522 by G. A. 
Pearson.



6 USDA Forest Service RMRS-P-55.  2008.

The Fort Valley  
Experimental Forest

,QLWLDOO\� FDOOHG� WKH� &RFRQLQR� ([SHULPHQW� 6WDWLRQ�� WKH�
QDPH�FKDQJHG�LQ������WR�WKH�)RUW�9DOOH\�([SHULPHQW�6WDWLRQ�
to avoid confusion with the Coconino National Forest. The 
area is named Fort Valley because of a stockade built in 
WKH�DUHD�LQ�WKH�����V�E\�-RKQ�:LOODUG�<RXQJ��D�VRQ�RI�/'6�
3UHVLGHQW� %ULJKDP� <RXQJ� �2OEHUGLQJ� ������� 7RGD\�� )RUW�
9DOOH\� ([SHULPHQWDO� )RUHVW� �)9()�� KHDGTXDUWHUV� LV� FRP-
monly used.

$Q� $SULO� ��� ������ DJUHHPHQW� EHWZHHQ� WKH� &RFRQLQR�
1DWLRQDO�)RUHVW�DQG�&RFRQLQR�([SHULPHQW�6WDWLRQ�H[HPSWHG�
WKH�ODQGV�QHDU�WKH�)RUW�9DOOH\�KHDGTXDUWHUV�IURP�KXQWLQJ��ORJ-
ging, fuelwood cutting, or homesteading. The only exceptions 
to these protections were to occur as part of the research plan. 
7KH�'LVWULFW���,QYHVWLJDWLYH�&RPPLWWHH�5HSRUW�RI�'HFHPEHU�
1915 stated that progress on designation as an experimen-
tal forest would not proceed until funds were allocated for 
this work. One thousand dollars was estimated as needed for 
examinations and mapping and an annual $5,000 sum was re-
TXHVWHG�³���WR�SODFH�WKH�)RUHVW�XQGHU�WKH�IRUP�RI�PDQDJHPHQW�
UHTXLUHG� WR�PDNH� LW� VHUYH� WKH� HQGV� IRU�ZKLFK� LW� LV� FUHDWHG´�
�86)6��������)LQDOO\��LQ�������WKLV�DJUHHPHQW�ZDV�PDGH�LQWR�
a Forester’s Order that permanently withdrew 2,420 acres as 
WKH�)RUW�9DOOH\�([SHULPHQWDO� )RUHVW��$PHQGPHQWV� LQ� �����
and 1941 brought the total to 4,950 acres.

7KH� ¿YH� VHSDUDWH� XQLWV� RI� WKH� )RUW�9DOOH\� ([SHULPHQWDO�
)RUHVW�RULJLQDOO\�LQFOXGHG������WKH�KHDGTXDUWHUV������RQ�8�6��
+LJKZD\�����EHWZHHQ�6QRZERZO�5RDG�DQG�+LGGHQ�+ROORZ�
DUHD�� ���� :LQJ� 0RXQWDLQ�� ���� +Z\� ��� 1RUWK� &LQGHU� 3LWV�
DUHD�� DQG� ���� &RXOWHU� 5DQFK�� VRXWK� RI�0RUPRQ� /DNH�� 7KH�
&LQGHU� 3LWV� DUHD� ZDV� UHWXUQHG� WR� WKH� &RFRQLQR� 1DWLRQDO�
)RUHVW�LQ�������7KH�FXUUHQW�WRWDO�DFUHDJH�IRU�WKH�)RUW�9DOOH\�
([SHULPHQWDO� )RUHVW� LV� ������ DFUHV�� 7KH� ����DFUH� *�� $��
3HDUVRQ�1DWXUDO�$UHD�RI�ROG�JURZWK�SRQGHURVD�SLQH�ZDV�HV-
tablished in 1951 and is included in Unit 1.

“… if regeneration worked here … it 
could be done anywhere else more 
easily.” (Fritz 1964)

)RUHVW� $VVLVWDQW� +DUULVRQ� '�� %XUUDOO�� 6WXGHQW� $VVLVWDQW�
+DUROG�+��*UHHQDP\UH��DQG�D�FOHUN�MRLQHG�3HDUVRQ�DV�VWDII�LQ�
the spring of 1909. Their ideas and experiments were restrict-
ed only by human limitations and budget restraints. They 
studied regeneration, impact of weather on seedlings, seed 
sprouting, uses of forest products, disease and insect control, 
KDUYHVWLQJ�PHWKRGV��DQG� OLYHVWRFN�HIIHFWV��5HVHDUFK� ORFDOHV�
H[SDQGHG� DURXQG� WKH� 6RXWKZHVW� DV� URDGV� DQG� YHKLFOHV� LP-
SURYHG��6HYHUDO�SHUPDQHQW�WHFKQLFDO�PHQ�DQG�WHQ�WR�WZHOYH�
temporary summer workers were assigned to Fort Valley as 
\HDUV�SDVVHG��$�FRRN�MDQLWRU�ZDV�KLUHG�DW�����SOXV�ERDUG�SHU�
PRQWK�VLQFH�3HDUVRQ�IHOW�VFLHQWLVWV�ZHUH�KLUHG�WR�GR�UHVHDUFK��

QRW�FRRN��+LV�VDODU\�ZDV�SDLG�E\�ERWK�WKH�)RUHVW�6HUYLFH�DQG�
VWDII��SURUDWHG�WR�DERXW����GD\�PDQ��)LJXUH����3HDUVRQ�������

)RUW�9DOOH\� HYROYHG� LQWR� D� ZHOO�UHVSHFWHG� VFLHQWL¿F� VLWH�
where researchers fostered innovative silviculture work. 
86)6�SLRQHHULQJ�VFLHQWLVWV�RYHUORRNHG�PDUJLQDO� OLYLQJ�DQG�
working situations and without their spirit and dedication, the 
)RUHVW�6HUYLFH�5HVHDUFK�SURJUDP�ZRXOG�QRW�KDYH�SURJUHVVHG�
as rapidly as it did. Fort Valley scientists relished walking out 
their front doors into their workplace, moonlight snowshoe-
ing, and taking long walks. Work in the forest was done from 
VXQXS�WR�VXQGRZQ��VL[�GD\V�D�ZHHN��IRU�DERXW�������SHU�GD\��
5HSRUWV�ZHUH�ZULWWHQ�EHVLGH�GLP�ODQWHUQ�OLJKW�LQ�GUDIW\�WHQWV�
RU�ZKLOH�VLWWLQJ�E\�WKH�¿UHSODFH��(DUO\�VFLHQWLVWV�ZKR�ZRUNHG�
DW� )RUW� 9DOOH\� LQFOXGH� &ODUHQFH� )�� .RUVWLDQ�� $OH[DQGHU� -��
-DHQLFNH��-DFN�%R\FH��)HUGLQDQG�6��+DDVLV��0D[�+��)RHUVWHU��
:LOEXU� 5�� 0DWWRRQ�� 5REHUW� 5�� +LOO�� +DUROG� 6�� %HWWV�� (��
M. Hornibrook, and Enoch W. Nelson, to name just a few 
�)LJXUH����*DLQHV�DQG�6KDZ��������6RPH�UHVHDUFKHUV�ZHUH�
DVVLJQHG�WR�VSHFL¿F�H[SHULPHQWV�DQG� OHIW�DIWHU�D�VKRUW�VWLQW��
others stayed for years. Families were often in residence. In 
1921, Ferdinand Haasis’ wife, when eight months pregnant, 
WUDYHOHG� WR�$OEXTXHUTXH� WR� JLYH� ELUWK� DV� )ODJVWDII� GLG� QRW�
KDYH�D�KRVSLWDO��%HDQ��������9LVLWRUV��XVXDOO\�86)6�UHODWHG��
LQFOXGHG�=RQ��DQG�D�UXPRU�SHUVLVWV�WKDW�*LIIRUG�3LQFKRW�WRUH�

Figure 4. The water tank and bath house at FVEF. The mess 
house is to the left. USFS photo 92583 by G. A. Pearson in 
1911.
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his pants on the barbed wire fence at the Wing Mountain per-
PDQHQW�VDPSOH�SORW��3HDUVRQ�QRWHG�WKDW�LQ�WKRVH�HDUO\�GD\V��
guests could stay for awhile and not have to leave right away 
IRU�DQRWKHU�DSSRLQWPHQW��3HDUVRQ�������

3HDUVRQ�ZDQWHG�WKH�KHDGTXDUWHUV�WR�EOHQG�LQ�ZLWK�WKH�IRU-
HVW�DV� LI� WKH�VWUXFWXUHV�PDJLFDOO\�DSSHDUHG��$IWHU�¿YH�\HDUV�
as FVEF Director, he wrote that construction of facilities 
VKRXOG�EH�DFFRPSOLVKHG�SULRU� WR�EHJLQQLQJ� VFLHQWL¿F�ZRUN��

DOWKRXJK�)RUW�9DOOH\�GLG�QRW�RFFXU�WKDW�ZD\��3HDUVRQ��������
A total of $500 was allotted for construction during 1909, 
DQG� D� FRPELQHG� KRPH�RI¿FH� �WRGD\¶V� 3HDUVRQ� +RXVH�� WKDW�
3HDUVRQ�PDGH� VXUH�ZDV� LQVXODWHG�ZDV� EXLOW�� ,PSURYHPHQWV�
LQ�WKH�LQLWLDO�\HDUV�ZHUH�D�JUHHQKRXVH�ODERUDWRU\��VWRUH�KRXVH��
water plant that included a well, windmill and elevated tank, 
DQG�URRW�FHOODU��UDUH�LQ�WKH�6RXWKZHVW��WR�VWRUH�SHULVKDEOHV��DV�
HOHFWULFLW\�GLG�QRW�UHDFK�WKH�VLWH�XQWLO�������3HDUVRQ�HQFRXU-
aged a neat and orderly appearance of an experiment station, 
and believed facilities should be available to the public for 
educational purposes so people could view forestry science 
LQ�DFWLRQ��)LJXUH����3HDUVRQ��������+H�KRSHG�WKDW�H[SHULPHQW�
stations would be permanent with ongoing facilities, staff 
DQG�RUJDQL]DWLRQ�WR�FDUU\�RQ�ORQJ�WHUP�ZRUN��3HDUVRQ�QRWHG�
this was most important in the southwestern forests because 
��������\HDUV�LV�UHTXLUHG�WR�PDWXUH�D�IRUHVW�DQG�WZHQW\�\HDUV�
to restock it after harvesting (Coconino Sun� 6HSWHPEHU� ���
�������)RUW�9DOOH\�FODLPV�WKH�FRQVWUXFWLRQ�RI� WKH�¿UVW�EDWK-
URRP�LQ�5HJLRQ����EXLOW�LQ�O�O���,W�DFWXDOO\�ZDV�D�EDWK�KRXVH��
EXLOW�LQFKHV�DZD\�IURP�WKH�3HDUVRQ�+RXVH�VLQFH�WKHUH�ZHUH�
FRVW�OLPLWDWLRQV�RQ�H[LVWLQJ�EXLOGLQJV��3HDUVRQ�������

%\�O�����DIWHU����\HDUV��)RUW�9DOOH\�FRQVLVWHG�RI�RQO\�IRXU�
VWUXFWXUHV��$GGLWLRQDO�IXQGLQJ�IURP�WKH�0F6ZHHQH\�0F1DU\�
Act enabled increases in construction and research projects. 
7KH� 6RXWKZHVWHUQ� )RUHVW� DQG� 5DQJH� ([SHULPHQW� 6WDWLRQ�
�6:)5(6��ZDV�FUHDWHG�DV�WKH�DGPLQLVWUDWLYH�XPEUHOOD�RYHU�
DOO�86)6�5HVHDUFK�RFFXUULQJ� LQ�$UL]RQD�DQG�1HZ�0H[LFR��
3HDUVRQ�ZDV� QDPHG�'LUHFWRU� DQG� KHDGTXDUWHUV�ZHUH� HVWDE-
OLVKHG�LQ�7XFVRQ��6WDII�PRYHG�VHDVRQDOO\�EHWZHHQ�7XFVRQ�WR�
WKH�YDULRXV�¿HOG�VLWHV��LQFOXGLQJ�)RUW�9DOOH\��ZKLFK�WKHQ�IR-
cused on forest and range investigations.

To house the extra scientists, the Civilian Conservation 
Corps built structures and worked on various projects re-
lated to silviculture research. More construction occurred 

Figure 5. 3 USFS scientists prepare for work in 1913. From 
left: Hermann Krauch, M. W. Talbot, and Reginald Forbes. 
USFS photo F16929A.

Figure 6. The FVEF headquarters as viewed from the nursery site about 1912. Note the windmill. Tents are used by 
temporary employees. USFS photo 449257 by G. A. Pearson.
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GXULQJ� WKH� ����V� WKDQ� GXULQJ� WKH� SUHYLRXV� WZR� GHFDGHV� RI�
Fort Valley’s existence and most of the extant residences are 
&&&�EXLOW��$OO� WKH�FRPPRWLRQ�FDXVHG�3HDUVRQ� WR�FRPPHQW�
that the garage built for sixteen vehicles still left some out 
LQ� WKH� UDLQ� �)LJXUH� ��� 3HDUVRQ� �������7KH�&&&� LQVWDOOHG� D�
two and one-half mile underground pipeline between Little 
/HURX[�6SULQJV�DQG�WKH�)9()��/DWHU��%LJ�/HURX[�6SULQJV�ZD-
ter came through the same pipeline.

7KH�)9()�FRPSOH[�FRQVLVWHG�RI�D�WZR�VWRU\�RI¿FH�EXLOG-
ing with a built-in safe, a laboratory, garage, workshop, 
water plant, schoolhouse, mess hall, dormitory, and seven 
IXUQLVKHG�UHVLGHQFHV�E\�WKH�HQG�RI�WKH�����V��,W�ZDV�D�EXV-
WOLQJ� FRPPXQLW\� ZLWK� DFWLYLWLHV� OLNH� VTXDUH� GDQFHV�� JURXS�
ZDIÀH�EUHDNIDVWV� DQG�7KDQNVJLYLQJ�GLQQHUV�� DQG�YROOH\EDOO�
games with twenty people on each side of the court. The so-
cial activity was short-lived as staff dwindled during World 
War II. A brief occupancy surge occurred prior to the merging 
RI�WKH�6:)5(6�LQWR�WKH�5RFN\�0RXQWDLQ�)RUHVW�DQG�5DQJH�
([SHULPHQW�6WDWLRQ��QRZ�5056�� LQ�������%XW�� LQ�������DW�
)RUW�9DOOH\¶V�¿IWLHWK�DQQLYHUVDU\��WKH�$UL]RQD�6WDWH�&ROOHJH�LQ�
)ODJVWDII��QRZ�1RUWKHUQ�$UL]RQD�8QLYHUVLW\��RSHQHG�D�IRUHVW-
U\�VFKRRO�LQ�ZKLFK�86)6�UHVHDUFKHUV�ZRUNHG�LQ�FRQMXQFWLRQ�
ZLWK�IDFXOW\�IURP�DQ�RI¿FH�EXLOGLQJ�FRQVWUXFWHG�QH[W�WR�WKH�
forestry school. Foresters then worked and lived in town and 
visited Fort Valley.

Other agencies rented many of the Fort Valley structures 
IURP� WKH� ����V�����V� WKDW� NHSW� WKH� IDFLOLW\� PRVWO\� LQWDFW��
5HVLGHQWV�KDYH�EHHQ� VSRUDGLF� VLQFH��7KH� VLWH�ZDV� OLVWHG�RQ�
WKH�1DWLRQDO� 5HJLVWHU� RI�+LVWRULF� 3ODFHV� LQ� ������7KH� KLV-
WRULF� KHDGTXDUWHUV� KDV� KDG�PLQLPDO� RFFXSDQF\� DQG�XSNHHS�
XQWLO������ZKHQ�86)6�GHIHUUHG�PDLQWHQDQFH�IXQGV�HQDEOHG�
some sorely-needed repairs to occur on four of the twelve 
buildings.

The Science of Silviculture

5HVWRFNLQJ� WKH� 6RXWKZHVW� IRUHVW� ZDV� D� NH\� HOHPHQW� LQ�
'LVWULFW��¶V� UHVHDUFK�DJHQGD��7KH�VFLHQWLVWV¶� WDVN�ZDV� WR� UH-
plant the forest so the trees could again be harvested, thereby 
supporting local economy yet also perpetuating the resource. 
Over 85 percent of the timber cut in 1908 in Arizona and New 
0H[LFR�ZDV�SRQGHURVD�SLQH��XQTXHVWLRQDEO\�WKH�PRVW�YDOX-
DEOH�PDUNHWDEOH� WUHH��3HDUVRQ��������6WXGLHV�ZHUH� LQLWLDWHG�
RQ� HYHU\� IDFWRU� WKDW�PLJKW� LQÀXHQFH� D� WUHH¶V� OLIH�� OLYHVWRFN�
JUD]LQJ��ZHDWKHU�� GLVHDVH�� DQG� URGHQWV�� 6LOYLFXOWXUH� VFLHQFH�
is the cultivation and care of forest trees. “Cultivation” re-
fers to ridding the forest of inferior products and improving 
TXDOLW\� DQG� JURZWK� DQG� ³FDUH´� UHIHUV� WR� HQFRXUDJHPHQW� RI�
natural regeneration and maintenance of all age classes. A 
balanced program between fundamental and applied research 
contained the following objectives: cutting methods, per-
petuating the forest crop, and fostering natural regeneration. 
One approach sometimes took precedence to respond to im-
PHGLDWH�GHPDQGV��(YHU\�)9()�SURMHFW�¿W� LQWR�RQH�RU�ERWK�
of these categories, i.e., pruning ill-formed stems, keeping 
livestock away from the seedlings, selective cutting, or thin-
QLQJ� RI� VWDQGV��7KURXJK� WKHVH� WHVWV�� GH¿QHG� E\� 3HDUVRQ� LQ�
1944 as a form of agriculture, scientists endeavored to learn 
methods of tending the ponderosa pine forests when Nature 
was discouraged from using her preferred managerial style 
�3HDUVRQ�������

The science was new and challenging. Every factor that 
PLJKW� LQÀXHQFH� D� WUHH¶V� OLIH� ZDV� DQDO\]HG�� 3ORWV� ZHUH� HV-
tablished to study how to thin, prune, burn, plant, harvest, 
or control disease and pests. They were fenced and then re-
fenced higher to exclude elk. Trees were planted, nurtured, 

Figure 7. CCC workers sit atop juniper 
posts at the FVEF headquarters. 
The schoolhouse shows to the 
right. USFS photo 330506 by G. A. 
Pearson in September 1936.
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DEXVHG�� RU� OHIW� DORQH�� EXW� QHYHU� IRUJRWWHQ�� 5HVHDUFK� SODQV�
ZHUH� FRQWLQXDOO\� DGDSWHG� WR� ¿W� FXUUHQW� FRQGLWLRQV� RU� WR�
follow a surprise discovery. The main research topics fo-
FXVHG� DURXQG� SRQGHURVD� SLQH�� ���� HFRORJ\� RI� IRUHVW� W\SHV�� 
����JURZWK�� UHSURGXFWLRQ�� DQG�PRUWDOLW\�� ���� DUWL¿FLDO� UHIRU-
HVWDWLRQ������VWDQG�LPSURYHPHQW������FRQWURO�RI�GDPDJH������
VDOH�DQG�ORJJLQJ�RI�WLPEHU��DQG�����PDQDJHPHQW�RI�WKH�IRUHVWV�
�3HDUVRQ�������5RQFR�������

5HVHDUFKHUV� H[SORUHG� XQHQFXPEHUHG� VSDFH� WR� UHDOO\� VHH�
ZKDW�ZDV�DIIHFWLQJ�D�WUHH¶V�OLIH��7KH\�FRXOG�¿QG�ZKHUH��D�SRU-
cupine had enjoyed a tasty meal of pine needles, an elk had 
bedded down, mistletoe had taken hold, a lightning-struck 
tree had fallen onto a neighbor, or snow pack had bent a 
tree over. This intense, on-the-ground time helped scientists 
plan their experiments and course of action. Data recording 
was meticulously scrutinized and redone when necessary. 
3XEOLFDWLRQV�GRFXPHQWLQJ�UHVHDUFK�ZRUN�UHFHLYHG�VLPLODU�LQ-
VSHFWLRQ��)LJXUH����

&RPPXQLFDWLQJ� UHVHDUFK� ¿QGLQJV� WR�'LVWULFW� ��1DWLRQDO�
)RUHVW�PDQDJHUV�ZDV�DFFRPSOLVKHG�WKURXJK�D�TXDUWHUO\�³)RUW�
9DOOH\�%XOOHWLQ�´�¿UVW�SXEOLVKHG�RQ�0D\����������LQ�HIIRUWV�WR�
SURYLGH� WKH� VFLHQWL¿F� UHVXOWV� WR� WKH� IRUHVWHUV��7KH� LQWURGXF-
tory issue mentioned the research analysis determined that 
������\HDUV�RU�PRUH�LV�QHHGHG�WR�UHVWRFN�FXWRYHU�\HOORZ�SLQH�
VWDQGV��6WXGLHV�RI�IRUHVW�W\SHV��WLS�PRWKV��EUXVK�GLVSRVDO��DQG�
'RXJODV�¿U�ZHUH�DOVR�DGGUHVVHG�

Permanent Sample Plots

'LVWULFW� �QRZ�5HJLRQ�� ��&KLHI� RI� 6LOYLFXOWXUH�7KHRGRUH�
6��:RROVH\��-U��DVSLUHG�WR�PDUN��������DFUHV�RI�ORJJHG�RYHU�

southwestern National Forest lands as permanent sample 
plots, but compromised on 2,000 acres, which still made 
'LVWULFW���RQH�RI�WKH�1DWLRQDO�)RUHVW�5HJLRQV�ZLWK�WKH�KLJKHVW�
QXPEHU� RI� UHVHDUFK� ODQGV� VHW� DVLGH��:RROVH\�� 3HDUVRQ�� DQG�
:LOEXU�5��0DWWRRQ� GHYHORSHG� WKH�PHWKRGV� DQG� LGHDV� XVHG�
RQ� WKH� VDPSOH� SORWV�� +DUULVRQ� '�� %XUUDOO� GLG�PXFK� RI� WKH�
establishment work. The initial plots were on the Coconino 
1DWLRQDO�)RUHVW��DQG�E\����������SORWV�DURXQG�WKH�6RXWKZHVW�
had been established. Lengthy instructions on how to estab-
lish a sample plot were written and revised several times 
�0DWWRRQ�������:RROVH\�������

3HUPDQHQW� VDPSOH� SORWV� PDLQWDLQHG� RQJRLQJ� H[SHUL-
ments that attempted to understand a forest’s natural growth 
F\FOH��³([WHQVLYH´�SORWV�RI���� WR�����DFUHV�FRQWDLQHG� WUHHV�
WKDW� ZHUH� QRW� WDJJHG� DQG�PHDVXUHG�� 6PDOOHU� SORWV�� NQRZQ�
DV�³,QWHQVLYH�´�UDQJHG�IURP���WR����DFUHV��2Q�WKH�,QWHQVLYH�
plots, each tree was tagged with a number and then monitored 
over its lifetime. Maps of the plots show exact locations of 
every thing on it, for example downed logs, stumps, plants, 
URFNV��8VXDOO\�D�WUHH�ZDV�PHDVXUHG�HYHU\�¿YH�\HDUV��VRPH-
times more often, and checked for disease infestation or 
damage from rodents or a number of other factors that af-
IHFWHG�JURZWK��3HDUVRQ�LGHDOO\�ZDQWHG�D�����\HDU�UHFRUG�RI�
PHDVXUHPHQW�IRU�D�FRPSOHWH�OLIH�KLVWRU\��KRZHYHU��WKH�PDMRU-
ity of the trees were not recorded after a twenty-year span 
because of changes in investigative emphasis. Most of the 
plots were remeasured in the 1990s.

Everything needed to be invented—choosing the site and 
marking it off, forms used in recording data, best use of photo-
JUDSKV��KRZ�RIWHQ�WR�H[DPLQH��DQG�ZKDW�WR�H[DPLQH��3HDUVRQ�
was a stickler for detail and documenting every particular 
element. This frustrated some co-workers, but for historical 

Figure 8. Two USFS scientists record data on seedling-count strips on the Fort Valley Experimental 
Forest, AZ. USFS photo 16931 by Hermann Krauch in 1913.



10 USDA Forest Service RMRS-P-55.  2008.

TURPENTINE
In April 1908, just prior to Fort Valley’s establishment, Royal S. Kellogg of the Department 

of Forestry called upon Flagstaff lumberman Michael J. Riordan to discuss his idea of 
developing a pulp wood operation on the Coconino National Forest and using the waste 
for turpentine and other byproducts. Kellogg was anticipating a shortage of turpentine due 
to exhaustion of the southern trees’ supply of resin. Riordan’s reply is lost to history, but 
perhaps this inquiry led to the 1910 and 1911 turpentine experiments near Fort Valley.

Harold S. Betts, Forest Service engineer for timber tests, first began a turpentine experiment 
at Fort Valley in Fall 1910. He brought laborers from the southeastern forests to tap yellow 
pines within walking distance of FVEF. Ninety trees were notched and hung with cups to 
collect the dripping resin. To tap a tree, the outer bark is removed from one side near the 
base. An incision is made and an “apron” is inserted, with a cup placed below the apron. 
The apron collects the gum that drips into the cup. A new chip is made into the tree 
each week above the previous one. Two collections of resin during a two-month period 
showed that the ponderosa pine produces an average of 23 barrels of resin per dipping. 
The southwestern trees average 25-30 barrels per dipping. These results were promising 
enough to cause Betts to plan more extensive experiments the following year, especially as 
demand for turpentine was increasing.

In April 1911, a second season of turpentining was established near FVEF in four different 
areas over 28 acres of black and yellow pine that involved 600 trees. Betts described the 
area as having little undergrowth and only a few trees less than 12 inches in diameter. 
Resin was collected every three weeks after the initial tap. The collected gum was put in 
buckets and then weighed to determine how much dip was gathered. In 1911, an average 
flow of 0.217 lbs/cup/week compared to a Florida average of 0.263 lbs/cup/week. The dip 
was comprised of 77.9% rosin and 22.1% turpentine, both of which are satisfactory for 
commercial use.

On two of the four areas, the blackjacks produced more resin than the yellow pine; while on 
the third area the opposite happened. In the fourth area, fifty trees larger than 15 inches 
in diameter were tapped with two cups—one on the north side and one on the south—to 
test the difference of production between cups. Twenty-seven south cups yielded more 
than the north while 17 north cups produced more than the south, and six trees had the 
same flow on each side. One 
occurrence unfamiliar to the 
southerners was the diurnal 
temperature ranges of at least 40 
degrees which caused the gum 
to harden overnight. After a few 
hours in the morning sun, the 
gum would melt and drip again. 
Such temperature fluctuations are 
rare in the hot and humid south.

Ponderosa pine produces about 
4/5 the quantity of southeastern 
trees when factors such as 
length of season are the same. 
The southern season lasts for 35 
weeks while northern Arizona 
lasts 26 weeks at best since flow 
corresponds to temperature 
changes. But for whatever 
reasons, the turpentine project 
did not continue and the market 
never developed.

Turpentine work on a ponderosa pine in northern Arizona  
in August 1910. USFS photo 93752.
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UHFRUGV��WKH�DWWHQWLRQ�WR�VSHFL¿FV�LV�YHU\�KHOSIXO�LQ�DOORZLQJ�
WKH�UHVHDUFK�WR�FRQWLQXH�WRGD\��/HWWHUV�EHWZHHQ�3HDUVRQ�DQG�
5HJLRQDO�VWDII�RQ�ZKDW�SDSHU�WR�XVH�IRU�IRUPV�DUH�LQGLFDWRUV�
of his exactness. The original measurements of 1909 were 
DPHQGHG� E\� WKH� ����� ���\HDU� LQFUHPHQW��PHDVXUHPHQWV� WR�
include factors missed in the initial record. Tin tree tags were 
replaced by galvanized tags and placed four and one-half feet 
above ground level, a point that was determined by actual 
measurement, not merely guessed at. Initial methods were al-
tered when a newer one presented itself to be more accurate, 
as in the 1912 change from using calipers for diameter mea-
VXUHPHQWV�WR�XVLQJ�D�VWHHO�GLDPHWHU�WDSH��6FKHUHU��������$OO�
trees were then remeasured with the steel tape. Instructions 
were prepared for newcomers who practiced on an already-
measured plot before going out on their own. These forms 
and reports are housed in the FVEF archives.

Critical to the work was the accurate measurement of trees. 
Initially, the method of measuring a tree’s diameter at breast 
KHLJKW� �GEK��ZDV� WR�EH� WDNHQ�DW� WKH� OHYHO�RI�D�PDQ¶V�FKHVW��
&KHVW�KHLJKWV�YDU\��VR�WKH�GEK�RI�D�WUHH�FRXOG�DOVR�ÀXFWXDWH�
depending upon who did the measuring. FVEF scientists re-
GH¿QHG�WKH�SURSHU�ZD\�RI�GHWHUPLQLQJ�D�WUHH¶V�GEK��LW�LV�WR�EH�
taken four feet above a nail driven into the south-facing base 
of a tree at ground level with all litter (fallen pine needles and 
JUDVV��FOHDUHG�DZD\��7ZR�WR�WZR�DQG�D�KDOI�LQFKHV�RI�WKH�QDLO�
was to be exposed so the nail wouldn’t be overgrown before 
WKH�QH[W�PHDVXUHPHQW��3HDUVRQ�������

Natural Regeneration

7KH�5LRUGDQV�KDG�JUXPEOHG�DW� OHDYLQJ� WZR� WR� IRXU� WUHHV�
per acre, and science showed four to six seed trees above 20 
LQFKHV�GEK�ZHUH�QHHGHG�WR�UHVWRFN�D�ORJJHG�DUHD��6HHGOLQJV�
became established only under favorable conditions of seed, 
moisture, loose soil in the seed ground, protection, and weath-
er and only one to two percent of germinated seeds survive. 
3HDUVRQ¶V�SUHGLFWLRQ�WKDW�OHVV�WKDQ�¿YH�SHUFHQW�RI�JHUPLQDWHG�
VHHGOLQJV�VXUYLYH�FDXVHG�=RQ�WR�FDXWLRQ�WKDW�3HDUVRQ�PD\�EH�
“digging a grave for himself instead of a monument” (Myers 
DQG�0DUWLQ�������3HDUVRQ�������5RQFR�������

1DWXUH�EOHVVHG�VFLHQWL¿F�VWXG\�LQ�����������ZKHQ�DEXQ-
dant precipitation in 1918 produced an exceptional ponderosa 
pine seed crop. An unusual rainfall of three and one-half inch-
es in late May 1919 allowed germination of the 1918 seed 
crop to take root. Cloudy skies also kept the nighttime tem-
peratures higher. These new seedlings could sink good roots 
EHIRUH�WKH�IDOO�GURXJKW�WLPH�DQG�UHVLVW�IURVW�KHDYH��6FLHQWLVWV�
ZHUH�GHOLJKWHG�ZLWK�WKLV�XQLTXH�RSSRUWXQLW\�WR�VWXG\�WUHH�VXU-
vival under superb conditions with this introduction of a new 
age class. But, the overstocking created new problems and 
foresters were soon lamenting the small-diametered, dense 
areas of spindly trees. The term “doghair thicket,” or trees as 
thick as the hair on a dog’s back, was heard. Arid conditions 
over the next decade caused high mortality rates of this crop, 
EXW�WKH�SUREOHP�RI�RYHUFURZGHG�WUHHV�VWLOO�H[LVWV��*DLQHV�DQG�
6KDZ�������0\HUV�DQG�0DUWLQ�������

#TVKğEKCN�4GIGPGTCVKQP�0WTUGTKGU

2QH� RI� WKH� ¿UVW� SURMHFWV� DW� )RUW�9DOOH\�ZDV� WR� HVWDEOLVK�
a nursery. Opportunities existed for experimental work to 
¿QG�ZKDW�PHWKRGV�RI�SODQWLQJ��JDWKHULQJ�VHHGV��PXOFK��WUDQV-
planting, etc., proved successful and what failed. Nurseries 
RSHQHG� DURXQG� WKH� 6RXWKZHVW� GXULQJ� WKH� ����V� DQG� JUHZ�
thousands of seedlings that were later transplanted. As usual, 
these efforts were sparsely staffed. Expensive attempts at ar-
WL¿FLDO�UHVWRUDWLRQ�IDLOHG�H[FHSW�IRU�WKH�NQRZOHGJH�JDLQHG��%\�
������VFLHQFH�LQGLFDWHG�DUWL¿FLDO�SODQWLQJ�ZDV�PRVW�VXFFHVV-
ful when a small plot was completely cleared of herbaceous 
vegetation and the soil raked, seeds planted in gravelly soil, 
and the area screened against rodents. But transplanting 
FRQWLQXHG�WR�KDYH�PRUWDOLW\�UDWHV�IRU�¿IWHHQ�\HDUV��)LJXUH����
3HDUVRQ�������

Meteorological Studies

6WXG\LQJ�FOLPDWRORJLFDO�HIIHFWV�RQ�SRQGHURVD�SLQH�UHJHQHU-
ation was an early Fort Valley priority. Three (later increased to 
VL[��PHWHRURORJLFDO�REVHUYDWLRQ�VWDWLRQV�ZHUH�HVWDEOLVKHG�LQ�D�
chain across the open park of Fort Valley in 1909. The stations 
FRQWDLQHG� HTXLSPHQW� WR� PRQLWRU� WHPSHUDWXUH�� SUHFLSLWDWLRQ��
relative humidity, wind movement, measurement of melting, 
soil moisture and temperature, frost, and snow accumulation. 
6WDWLRQV�ZHUH�SODFHG�LQ�YDULRXV� ORFDOHV²QHDU� WKH� WUHHV�RU� LQ�
the open, and all were subject to different wind directions 
�)LJXUH�����-DHQLFNH�DQG�)RHUVWHU�������3HDUVRQ�������

Figure 9. Transpiration pots at FVEF in 1920. USFS photo 
49175 by F. W. Haasis.
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The data collected for this experiment indicated small, but 
important, differences in climactic variations. Additional re-
search on forest cover in relation to temperature needed to be 
conducted and it was determined that the park area would not 
be a prime location for forest nursery development. A more 

extensive weather study from November 
1916 to January 1, 1920, provided data for 
the purpose of identifying ecological dif-
ferences in changes of vegetation as an aid 
WR�¿UH�SURWHFWLRQ��6FLHQWLVWV�EHOLHYHG� WKDW�
forest types varied depending on when 
¿UH�ZDV�PRVW�OLNHO\�WR�RFFXU�EHFDXVH�WKH\�
dried out at different times. With the data, 
¿UH� ORRN�RXWV� FRXOG� WKHQ�ZDWFK� IRU� LQGL-
cators that a particular area was dry and 
VXVFHSWLEOH� WR� ¿UH�� $� FRPSRQHQW� RI� WKLV�
project was to determine the point at which 
litter and ground cover will ignite and the 
effect of brush in various conditions as a 
¿UH�KD]DUG��=RQ�DQG�3HDUVRQ�������

Instruments placed at various locations 
and altitudes recorded physical condi-
tions that measured air temperature, soil 
temperature and moisture, precipitation, 
DQG�ZLQG��7KLV�SURMHFW� DPSOL¿HG�&��+DUW�
Merriam’s earlier work in 1889 that iden-
WL¿HG�OLIH]RQHV��6WDWLRQV�ZHUH�VHW�IURP�WKH�
woodland range of 5,100 feet to timberline 
at 11,500 feet in elevation. Forest rangers at 
Ash Fork and Walnut Canyon kept data for 
their locales. The weather stations placed 
DW�SRLQWV�XS�WKH�6DQ�)UDQFLVFR�3HDNV�LQ�WKH�
]RQHV�RI�\HOORZ�SLQH��'RXJODV�¿U��/LPEHU�
pine-Bristlecone pine, Engelmann spruce, 
and timberline were monitored by FVEF 
VFLHQWLVWV�� <RXQJ� VLOYLFXOWXULVW� (PDQXHO�
Fritz was involved in this project as he 
and co-workers installed the spruce loca-
tion at 10,500 feet in mid-November when 
the ground was already frozen solid and 
they had to chip out ice and dirt to create a 
support hole for the station. They gathered 
data weekly from the stations, regardless 
of the weather. Departing from FVEF on 
foot at 5 a.m. with snowshoes, lunch, dog, 
and a snow measuring tube, they climbed 
������IHHW�LQ�HOHYDWLRQ�EHIRUH�WKH\�UHDFKHG�
WKH�¿UVW� VWDWLRQ��7KH\�KDG� WR�EUXVK� VQRZ�
away from the instruments, take the mea-
VXUHPHQWV� ZLWK� KDOI�IUR]HQ� ¿QJHUV� DQG�
then hike up to the next sites. When they 
¿QLVKHG�WKH\�UDQ�EDFN�GRZQ�WKH�PRXQWDLQ�
via moonlight �)ULW]�������

3XEOLFDWLRQV�ZULWWHQ� DERXW�)RUW�9DOOH\�
weather always noted the importance of climatic factors in 
relation to ponderosa pine regeneration. Lack of heat in the 
KLJKHU�DOWLWXGHV�DIIHFWV�SLQHV�ZKHUH�VSUXFH�DQG�¿U�GRPLQDWH��
and water was the limiting factor toward growth in the desert 
regions.

Edward C. Martin and Florence Cary Martin
Edward C. Martin (1902-1972), considered by his peers as the 

“world’s strongest mortal,” was hired by Pearson to build fence 
in 1932. He later supervised the Fort Valley CCC camps and 
eventually was named Station Superintendent. Ed’s formal 
schooling ended at the sixth grade as his father wanted him to 
take over the family farm, but Ed’s ambitions led elsewhere. He 
pitched baseball for a Chicago Cubs farm team but declined a 
spot on the major league roster because of no money. He ended 
up in Arizona where he and a partner kept mustangs in Sycamore 
Canyon one winter and sold them the next spring. He then 
accepted a position at FVEF. For the next 40 years, Ed worked 
either at Fort Valley or Tucson. He was amiable, proficient with 
tools, and well-respected as a firefighter (it is said he worked two 
shifts to everyone else’s one during a fire).

Florence Cary (1904-2001 arrived at FVEF in May, 1933 to work 
as G.A. Pearson’s secretary. She recalled driving from Tucson on 
that spring morning wearing sandals and stepping out into snow 
at FVEF. Her coworkers, including her future husband, chuckled 
at her. Florence worked in the office building on the Silvics side 
while the other side held the staff of the Range Division.

Single women lived in the apartment (known as the penthouse) 
above the office. After a several year courtship, Florence Cary 
and Edward C. Martin married in 1938 and soon moved into 
the Krauch residence. She went into Flagstaff about every three 
weeks for supplies on the very rocky and unpaved road which 
would later become Highway 180. Their daughter, Maybelle, aka 
Marty, was born in 1940 and raised at FVEF. Marty enjoyed an 
idyllic childhood with pet Abert squirrels and forts built amongst 
the rocks. She recalled swinging in a tree swing built by her 
father and hearing a mountain lion scream. She bolted to the 
ground and ran home with her feet barely touching the ground.

The Martin family were the only people living all year at Fort Valley 
during World War II. Florence planted a Victory garden and 
grew carrots, turnips, potatoes, lettuce, and beans in a flat area 
east of the nursery and stored the produce in the root cellar. She 
eventually had to quit her gardening because of rules regarding 
such activities on federal property. At one point during the War, 
she and Ed drove to the Coulter Sample Plot cabin where she 
knew some sugar was kept. With sugar being in short supply 
then, she didn’t want it to go to waste.

The family moved between Fort Valley and Tucson and retired in 
Flagstaff. In 1995, a birthday lunch for Florence was held in her 
work space at the FVEF office building. She entertained her hosts 
with stories of the past. Florence turned 91 years young that day.
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The Science of Range Research

The southwestern range was as jeopardized as the forest 
when scientists began studying its perpetuation. Enormous 
numbers of grazing sheep, cattle, horses, and goats mowed 
down the native grasses in the late 1800s. The establishment 
RI�)RUHVW�5HVHUYHV�LQLWLDOO\�SURKLELWHG�DFFHVV�WR�SXEOLF�ODQGV�
grazing, but ranchers objected and lobbied Washington of-
¿FLDOV�IRU�D�SROLF\�FKDQJH��)LQDOO\��WKH�$UL]RQD�:RROJURZHUV�
$VVRFLDWLRQ��$:*$��LQYLWHG�*LIIRUG�3LQFKRW�WR�VHH�¿UVW�KDQG�
the effects of livestock grazing on public lands in northern 

$UL]RQD��,Q�-XQH�������3LQFKRW�DQG�86'$�ERWDQLVW�)UHGHULFN�
J. Coville were met in Winslow by local hosts that included 
SRSXODU� +ROEURRN� UDQFKHU�$OEHUW� )�� �%HUW�� 3RWWHU�� WKHQ� DQ�
$:*$�RI¿FHU��7KH\� MRXUQH\HG�VRXWK� WR�6KRZ�/RZ�GXULQJ�
the typical dry and dusty June and noted the few water holes 
were polluted and noted erosion on excessively overgrazed 
DUHDV��3RQGHURVD�SLQH�VHHGOLQJV�KDG�EHHQ�HDWHQ�DQG�WUDPSOHG��
%\�WKH�HQG�RI�WKH�WULS��3LQFKRW�UHDOL]HG�WKH�QHHG�IRU�OLYHVWRFN�
operators to have access to the public lands grass to stay in 
EXVLQHVV��+H�QH[W�IRUPHG�WKH�86)6�%UDQFK�RI�*UD]LQJ�DQG��
knowing he needed a man who knew his way around both the 
UDQJHODQGV�DQG�WKH�KDOOV�RI�&RQJUHVV��DVNHG�3RWWHU�WR�KHDG�WKH�
QHZ�GLYLVLRQ��3RWWHU�FUDIWHG�D�JUD]LQJ�SROLF\� WKDW�SURWHFWHG�
the local stockmen as well as the forage, and implemented 
UDQJH� UHVHDUFK�RQ� VSHFL¿F� VLWHV� �3LQFKRW� �������%XW� LW�ZDV�
�����EHIRUH�DGHTXDWH�VWUXFWXUH�DQG�IXQGLQJ�ZDV�LQ�SODFH�IRU�
D�VROLG�5DQJH�5HVHDUFK�SURJUDP�

6RXWKZHVWHUQ� VFLHQWLVWV�KDG� WR�NHHS� LQ�PLQG� WKDW�E\� WKH�
time research plots were established, the range was so severe-
ly overgrazed that, in many areas, the grasses would never 
recover to pre-European conditions. This must be remem-
EHUHG� ZKHQ� LQWHUSUHWLQJ� GDWD� IURP� SURWHFWHG� SORWV�� 5DQJH�
VWXGLHV� ZHUH� ¿UVW� GLUHFWHG� IURP� 'LVWULFW� �� KHDGTXDUWHUV� LQ�
New Mexico where they had been a part of the curriculum 
VLQFH�WKH�EHJLQQLQJ�RI�WKH�)RUHVW�5HVHUYHV��*HQHUDO�DGPLQ-
istration for the range studies came from the Washington 
'&��2I¿FH�RI�*UD]LQJ�6WXGLHV�DQG�WKHQ�ODWHU�WKH�'LYLVLRQ�RI�
5DQJH�5HVHDUFK�

Grazing Effects on Tree Regeneration

,Q�)RUW�9DOOH\��3HDUVRQ�RSSRVHG�DQ\�OLYHVWRFN�JUD]LQJ�RQ�
WKH�IRUHVWV��EXW�GLVFHUQHG�KH�ZDV�¿JKWLQJ�D�ORVLQJ�EDWWOH��DQG�
proceeded with studies to best determine how young seed-
lings could be protected from domestic graziers. In 1910, 
range research began in two areas near the FVEF, both upon 
WKH�7XVD\DQ��ODWHU� WKH�.DLEDE��1DWLRQDO�)RUHVW� �)LJXUH������
One range, known as the Wild Bill (also called the Fort Valley 
([SHULPHQWDO�5DQJH���LQFOXGHG��������DFUHV�DQG�ZDV�JUD]HG�
by cattle. The other was 8,000 acres known as the Willaha 
VKHHS�UDQJH�QHDU�.HQGULFN�3HDN��%RWK�UDQJHV�DUH�RI�ZRRG-
land and ponderosa pine forest types, which comprise 88 
SHUFHQW�RI�WKH�VRXWKZHVWHUQ�IRUHVW�W\SHV��6WXGLHV�KDYH�RQFH�
again begun on these areas.

7KH�¿YH�+LOO�3ORWV��QDPHG�IRU�'LVWULFW���&KLHI�RI�*UD]LQJ�
6WXGLHV� 5REHUW� 5�� +LOO�� ZHUH� HVWDEOLVKHG� RQ� WKH� &RFRQLQR�
National Forest in 1910 to study the effects of intense live-
VWRFN� JUD]LQJ� RQ� WUHH� UHJHQHUDWLRQ� �+LOO� ������� ,Q� ������ D�
secondary study of the recovery of understory vegetation 
when protected from livestock grazing began. These areas 
ZHUH�H[DPLQHG�XQWLO�������WKHQ�QRW�DJDLQ�XQWLO������

Initial evidence showed that grazing impacted tree re-
generation and stockmen, especially sheep raisers, naturally 
resented hearing that overgrazing was hazardous to range 
health. Efforts to discredit the scientists and their work and 
VXSSUHVV�WKH�¿QGLQJV�OHG�WR�SROLWLFDO�SUHVVXUH�WR�FORVH�)9()��
'XULQJ�D�MRLQW�PHHWLQJ�RI�WKH�$:*$�DQG�WKH�$UL]RQD�&DWWOH�

Figure 10. A USFS scientist gathers weather records from the 
Campbell’s Camp area during the San Francisco Peaks 
study, 1917-20. USFS photo 31948A taken in February 
1917.
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*URZHUV� $VVRFLDWLRQ� �$&*$�� LQ� -XO\� ������ D� 5HVROXWLRQ�
passed by the conference members said the Fort Valley 
([SHULPHQW�6WDWLRQ�ZDV�FRQVLGHUHG�ZRUWKOHVV�EHFDXVH�³���WKH�
work has been an entire failure and a use-less expense to the 
amount of approximately $20,000 per annum,” and recom-
mended that it be abandoned and that the lands occupied by 
it be restored to entry...” as reported in the Coconino Sun of 
-XO\����������$�OHWWHU�IURP�6HFUHWDU\�RI�$JULFXOWXUH�(GZLQ�7��
0HUHGLWK�WR�$&*$�SUHVLGHQW�&KDUOHV�0XOOHQ�DVNHG�IRU�VSH-
FL¿FV�DV� WR�ZKHUH�)9()�KDG�IDLOHG��$Q�DSRORJHWLF�UHVSRQVH�
EODPHG�WKH�5HVROXWLRQ�RQ�³VRPH�VKHHSPHQ´�WKDW�ZDV�DSSURYHG�
by weary, uninterested cattlemen who passed it without real-
izing what they were saying. FVEF remained open.

,Q� ������ ZLWK� WKH� FUHDWLRQ� RI� WKH� 6:)5(6�� UDQJH� UH-
VHDUFK�ZDV� DGGHG� WR�)RUW�9DOOH\¶V� VFRSH��6FLHQWLVWV�� OHG�E\�
&KDUOHV�.��³&RRS´�&RRSHUULGHU��FRQGXFWHG�VWXGLHV�RI�UDQJH�
resources, domestic livestock, wildlife, and forest and range 
LQÀXHQFHV��7KHLU�SXUSRVH�ZDV�WR�GHYHORS�PHWKRGV�WR�HQVXUH�
sustained yield of forage, develop livestock management pol-
icies to stabilize range industry, and to modify these methods 
to serve the maximum proper use.

0DMRU� ¿QGLQJV� RI� )RUW�9DOOH\� UDQJH� UHVHDUFK�ZDV� QRWHG�
E\�7XFNHU���������³&RRS�DQG�RWKHU�5HVHDUFK�PHQ�IRXQG�WKDW�
in several plots that had been under fence for a good many 

years, death from drouth, mice and other rodents was almost 
HTXDO�WR�WKH�GDPDJH�RXWVLGH�RI�WKH�SORWV�´

(GZDUG� &OD\WRQ� &UDIWV� EHJDQ� KLV� 86)6� FDUHHU� DW� )RUW�
9DOOH\�LQ������RQ�ERWK�WLPEHU�DQG�UDQJH�VWXGLHV�DQG�HYHQWX-
DOO\�EHFDPH�86)6�$VVRFLDWH�&KLHI��+H�VDLG�D�GH¿QLWH�GHFLVLRQ�
was never reached about grazing’s impact on regeneration and 
wildlife grazing had more effect on timber management than 
GRPHVWLF�JUD]LQJ��)LJXUH�����&UDIWV�DQG�6FKUHSIHU�������

%QPĠKEV

“Full crops of timber and forage can not grow 
on the same ground at the same time. The two 
may thrive side by side for a few years, but 
sooner or later one or the other must decline” 
(Pearson 1927).

%\� ������ DQ� LUUHSDUDEOH� EUHDFK� EHWZHHQ� VHQLRU� VFLHQWLVW�
3HDUVRQ�DQG�UDQJH�VWDII�FDXVHG�DGPLQLVWUDWLRQ�WR�VHSDUDWH�VLO-
vicultural and range. Mudslinging, accusations, suppression 
RI�VFLHQWL¿F�IDFWV��DQG�RWKHU�KDUPIXO�DFWV�ZHUH�RFFXUULQJ�IURP�
ERWK�VLGHV��%\�������3HDUVRQ�ZDV�LQVWUXFWHG�WR�OLPLW�KLV�ZRUN�
to only pine reproduction before his 1945 retirement and to 
summarize his three decades of research into a manuscript 
that was published posthumously in 1950 as “Management of 
3RQGHURVD�3LQH�LQ�WKH�6RXWKZHVW�´

Figure 11. Steers at the edge of Deer 
Mountain tank on the Tusayan 
National Forest, AZ (now part of the 
Coconino National Forest). Note 
the browse line on the aspens. USFS 
photo 269371 by C. K. Cooperrider 
in 1929.
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The Science of Watershed 
Studies

)RUW� 9DOOH\� UHVHDUFK� FRQFHQWUDWHG� RQ� UHJHQHUDWLRQ��
KRZHYHU�� SDUW� RI� WKH� 6:)5(6� PDQGDWH� ZDV� WR� VWXG\�
ZDWHUVKHGV� DW� VLWHV� OLNH� WKH� 6LHUUD�$QFKD� ([SHULPHQWDO�
Forest in eastern Arizona and later, Beaver Creek in cen-
WUDO�$UL]RQD��,Q�������3HDUVRQ�DQG�³&RRS´�FRUUHVSRQGHG�
with Washington office staff Earle H. Clapp, formerly of 
'LVWULFW����DQG�:�5��&KDSOLQH�RQ�ZRUGLQJ�IRU�DQ�DSSURSUL-
ation for watershed research. A watershed is an upstream 
GUDLQDJH� DUHD� WKDW� IHHGV� D� ODUJHU� ULYHU� EDVLQ�� 6FLHQWLVWV�
began watershed management investigations on the im-
SRUWDQFH�DQG�HIIHFW�RI�YHJHWDWLYH�FRYHU�WR�WKH�TXDQWLW\�DQG�
TXDOLW\�RI�VWUHDP�IORZ��DORQJ�ZLWK�WKH�LQGLUHFW�VWXGLHV�RI�
reforestation that affect watersheds.

Summary

Even after a century, efforts toward the goal of 200 years 
worth of tree records are only half attained. The lands and 
UHVRXUFHV�RI�WKH�WZHOYH�86)6�5HJLRQ���1DWLRQDO�)RUHVWV�VWLOO�
have much of their research value. Ecological distinctions 
or lifezones, initially described by C. Hart Merriam, and de-
veloped further by FVEF scientists, contain numerous study 
projects. The papers and poster papers included in these 
3URFHHGLQJV�FRQWDLQ�PRUH�LQIRUPDWLRQ�RQ�PDQ\�RI�WKH�FRP-
ponents to Fort Valley-based research over the past century.

Edward C. Crafts, among others, believed that research-
ers should live in the forest instead of in town and that 
researchers were hampered and frustrated because their 
projects were planned by administrators subject to political 
ZKLPV� IDU� IURP� VDPSOH� SORWV� �&UDIWV� DQG� 6FKUHSIHU� �������
Methods of conducting research changed when a scientist 

Figure 12. USFS scientist Edward C. Crafts 
holds a measuring stick as part of the 
Cooperrider/Cassidy grazing study at FVEF. 
USFS photo 319004 by W. J. Cribbs in 
1935.
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ZRXOG�GULYH�WR�WKH�RI¿FH�LQ�D�SHUVRQDO�YHKLFOH��WKHQ�GULYH�WR�
the forest in a government vehicle, gather data, and return 
WR�WKH�RI¿FH�WR�FRPSLOH�UHVXOWV�ZKLOH�ORRNLQJ�DW�D�FRPSXWHU�
screen. Originally, researchers would walk from home to 
WKH�RI¿FH�� WKHQ�ZDON� LQWR� WKH� IRUHVW�DQG�JDWKHU�GDWD�� UHWXUQ�
WR�WKH�RI¿FH�DQG�SRQGHU�WKH�GDWD�ZKLOH�ORRNLQJ�DW�WKH�IRUHVW�
outside the window, and then walk home in the evening. A 
forester should instinctively consider all options—altitude, 
H[SRVXUH��ZLOGOLIH��ÀRUD��ZDWHU�WDEOH��DQG�XQGHUVWRU\²LQ�DQ�
attempt to determine tree growth success or failure (Figure 
�����7KH\�VKRXOG�DOVR�UHVHDUFK�DQG�DQDO\]H�H[SHULPHQWV�RQ�
a given study in more than one area before making blanket 
UHFRPPHQGDWLRQV��HVSHFLDOO\�LQ�WKH�GLYHUVH�6RXWKZHVW�ZKHUH�
climate, soil types, and conditions change so rapidly.

&RRSHUULGHU�� .UDXFK�� 3HDUVRQ�� =RQ�� DQG� WKH� 5LRUGDQV�
EHOLHYHG� WKH�XVH�DEXVH�RI� WKH�6RXWKZHVW� IRUHVWV�DQG� UDQJHV�
detrimental to future generations. They saw beyond imme-
diate greed and wastefulness and on to the importance of 
conservation and fought for it. Their efforts continue today 
by scientists and students with the same vision: perpetuation 
RI�WKH�PDJQL¿FHQW�SRQGHURVD�SLQH�IRUHVW�DQG�H[SDQVLYH�UDQJH�
ODQGV�RI� WKH�6RXWKZHVW��)RUW�9DOOH\¶V� VFRSH�RI�ZRUN� IRU� LWV�
VHFRQG�FHQWXU\�KDV�D�VWURQJ��¿UP�IRXQGDWLRQ�IURP�ZKLFK�WR�
build upon because of the pioneering scientists of yesterday, 
today, and those yet to come.
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Introduction

Early Cutting Experiments

Early cutting experiments at Fort Valley were largely 
partial timber harvests aimed at initiating the conversion of 
virgin stands to managed stands. Three timber management 
objectives were the primary underpinnings in planning these 
FXWWLQJV²KDUYHVWLQJ�D�FURS�RI�PHUFKDQWDEOH�WLPEHU�IRU�VDOH��
retaining growing stock capable of providing “satisfactory” 
IXWXUH�FURSV�RI�WLPEHU��DQG�HQFRXUDJLQJ�QDWXUDO�UHJHQHUDWLRQ�
RQ�VLWHV�ZKHUH�JURZLQJ�VWRFNLQJ�ZDV�GH¿FLHQW� �*DLQHV�DQG�
6KDZ�������3HDUVRQ�������� ,QWHUPLQJOLQJ�VDSOLQJ�DQG�SROH�
stands received less attention than sawtimber stands, because 
of the pressing need to obtain better silvicultural information 
on sawtimber and a lack of market outlets for the smaller 
PDWHULDOV��7KH�¿YH�FXWWLQJ�PHWKRGV�WHVWHG�LQ�WKHVH�HDUO\�H[-
periments spanning the period from 1919 to 1945 were group 
selection, favoring dominants, favoring subordinates, sal-
YDJH�� DQG� LPSURYHPHQW� VHOHFWLRQ� �3HDUVRQ� DQG�:DGVZRUWK�
������3HDUVRQ��������������$Q�XQKDUYHVWHG�VWDQG��WKH�SUHV-
HQW�*�$��3HDUVRQ�1DWXUDO�$UHD��ZDV�LQFOXGHG�IRU�FRPSDULVRQ�
purposes.

Descriptions of Cutting Methods

Cutting of larger sawtimber trees for railroad construction 
at the time removed nearly 65 percent of the merchantable 

In: 2OEHUGLQJ��6XVDQ�'���DQG�0RRUH��0DUJDUHW�0���WHFK�FRRUGV��������)RUW�9DOOH\�([SHULPHQWDO�)RUHVW²$�&HQWXU\�RI�5HVHDUFK������������
3URFHHGLQJV�5056�3�����)RUW�&ROOLQV��&2��8�6��'HSDUWPHQW�RI�$JULFXOWXUH��)RUHVW�6HUYLFH��5RFN\�0RXQWDLQ�5HVHDUFK�6WDWLRQ������S�

Historical Review of Fort Valley Studies on Stand Management

Peter F. Ffolliott, Professor, School of Natural Resources, University of 
Arizona, Tucson, AZ

Abstract—One hundred years ago, the U.S. Forest Service launched a research program on 
the Fort Valley Experimental Forest to enhance the management of southwestern ponderosa 
pine (Pinus ponderosa) forests. This research program was the first scientific venture of its 
kind in the United States at the time it was initiated in 1908—and it is now the oldest in the 
country. Much of the early research was undertaken by G. A. “Gus” Pearson, who established 
the experimental forest in 1908 and guided its research program until his retirement in 1945. 
Research conducted at Fort Valley can be grouped into the general categories of ecology 
and silvical characteristics to provide a foundation for management; obtaining successful 
regeneration, which was a main reason for beginning research at Fort Valley; stand manage-
ment including conversion of the original (virgin) stands to a condition of improved growth 
and quality; and control of damaging agents to maintain stands in a healthy and productive 
status (Gaines and Kotok 1954, Pearson 1942, 1950, Schubert 1974, and others). This histori-
cal review focuses mainly on the research efforts aimed at stand management with a lesser 
emphasis on the control of damaging agents.

sawtimber volume in the group selection method of cutting. 
Intermingling groups of smaller sawtimber trees were mostly 
undisturbed. A partial harvest of trees in lower crown classes 
provided growing space for selected dominant trees in the 
cutting experiment favoring the dominants. Most of the trees 
ODUJHU�WKDQ����FP�����LQFKHV��LQ�GLDPHWHU��GEK��DQG�VPDOOHU�
trees of poor form and high risk of not surviving were also 
cut. Dominants were cut where “good subordinates” could 
be liberated in the cutting experiment favoring subordinates. 
$GGLWLRQDOO\��PRVW�RI�WKH�WUHHV�ODUJHU�WKDQ����FP�����LQFKHV��
in dbh were cut. Harvesting of larger trees not expected to 
OLYH� ��� \HDUV� LQWR� WKH� IXWXUH� UHPRYHG� DERXW� ��� SHUFHQW� RI�
the merchantable sawtimber volume in the salvage cutting. 
6XERUGLQDWH�WUHHV�ZHUH�QRW�LQWHQWLRQDOO\�UHOHDVHG�

Improvement selection was developed at Fort Valley be-
FDXVH�WKH�RWKHU�FXWWLQJV�WHVWHG�ZHUH�³VLOYLFXOWXUDOO\�GH¿FLHQW´�
DFFRUGLQJ� WR� 3HDUVRQ� ������� ������ DQG� *DLQHV� DQG� 6KDZ�
��������,PSURYHPHQW�VHOHFWLRQ�ZDV�DLPHG�DW�SODFLQJ�D�VWDQG�
in a “vigorous growing condition” and building up effective 
growing stock by improving the spacing of trees in sawtim-
EHU�JURXSV�WR�LQFUHDVH�WKHLU�JURZWK��UHWDLQLQJ�WKH�EHVW�TXDOLW\�
WUHHV� IRU� IXWXUH�JURZWK��DQG�UHPRYLQJ�SRRU�IRUP�DQG�KLJK�
risk trees. These intentions took precedence over immediate 
timber sales and planning for future timber yields.

Timber Yields Following the Cuttings

3HDUVRQ��������DQG�RWKHU�VLOYLFXOWXUDOLVWV�ZRUNLQJ�DW�)RUW�
Valley anticipated that timber yields following the cuttings 
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ZRXOG�EH�UHÀHFWHG�E\�WKH�VXEVHTXHQW�JURZWK��PRUWDOLW\��DQG�
UHSODFHPHQW� RI� WUHHV� LQ� WKH� WUHDWHG� VWDQGV�� *URZWK� ZRXOG�
manifest itself by increased diameter and height increments 
WKDW� �LQ� WXUQ�� FRXOG� EH� WUDQVODWHG� LQWR� YROXPH�� 0RUWDOLW\�
would eliminate trees and, in doing so, lower aggregate 
increments of the stands. It was felt, however, that replace-
ment by regeneration and the movement of smaller trees into 
merchantable size classes would balance mortality to some 
extent. Therefore, measurements of growth, mortality, and 
replacement were taken following the cuttings to evaluate 
the “effectiveness” of each of the experiments in satisfying 
WKH�WLPEHU�PDQDJHPHQW�REMHFWLYHV��*DLQHV�DQG�.RWRN�������
3HDUVRQ��������6LPLODU�PHDVXUHPHQWV�ZHUH�DOVR�PDGH�LQ�WKH�
virgin stand.

Analyses and summaries of the growth, mortality, and re-
placement measurements obtained are too extensive to present 
in this paper. However, in addition to the publications cited 
above, information on the progression of growth, mortality, 
and replacement patterns in the cut stands in comparison to 
WKH�YLUJLQ�VWDQG�DUH�IRXQG�LQ�HDUO\�SDSHUV�E\�.UDXFK��������
�������������/H[HQ���������������3HDUVRQ���������������DQG�
others.

Second Cutting Experiments

3HDUVRQ�DQG�WKH�RWKHU�VLOYLFXOWXUDOLVWV�IHOW� WKDW� WKH�LQLWLDO�
cutting experiments at Fort Valley often failed to place the 
treated stands in a “desired state” for future timber production. 
A predominance of older sawtimber trees remained and there 
ZDV�D�GH¿FLHQF\� LQ� LQWHUPHGLDWH�DQG�VPDOOHU� WUHHV� LQ�PDQ\�
of the treated stands. Also, the advanced reproduction fol-
lowing the cuttings did not always bridge the gap of missing 
DJH�FODVVHV��$V�D�FRQVHTXHQFH��D�VHFRQG�F\FOH�RI�H[SHULPHQ-
tal cuttings, focusing mainly on salvage and improvement 
selection, were imposed to rectify these shortcomings. 
Measurements of growth, mortality, and replacement were 
DJDLQ�REWDLQHG��*DLQHV�DQG�.RWRN�������0\HUV�DQG�0DUWLQ�
����D������E��3HDUVRQ�������DQG�RWKHUV��

Treated stands were far from their virgin condition follow-
ing these second cuttings. The numbers of high-risk trees were 
OHVV��GHQVLWLHV�RI�LPPDWXUH�JURXSV�RI�WUHHV�KDG�EHHQ�UHGXFHG��
and thinned stands of saplings and poles had been established 
to provide growing stock for future timber harvests. Marking 
rules for the initial one or two cuttings in virgin stands and 
WKH�¿UVW�UH�FXWWLQJ�LQ�ROGHU�FXWRYHU�VWDQGV�ZHUH�REWDLQHG�IURP�
the results of the second cutting experiments.

A process of converting virgin stands to managed stands 
HYROYHG�IURP�WKH�¿QGLQJV�REWDLQHG�IURP�WKH�DVVHPEODJH�)RUW�
9DOOH\�FXWWLQJ�H[SHULPHQWV��0\HUV�DQG�0DUWLQ�����D��3HDUVRQ�
������� ,W�ZDV�GHWHUPLQHG�� IRU� H[DPSOH�� WKDW� LQLWLDO� FXWWLQJV�
VKRXOG� UHPRYH� SRRU�TXDOLW\� DQG� KLJK�ULVN� WUHHV� DQG� UHGXFH�
the densities of immature sawtimber groups where necessary. 
Dense sapling and pole stands should be thinned as soon as 
possible to increase the growth of this needed growing stock. 
Non-stocked sites should be planted where natural regener-
ation had failed or occurred at irregular and unpredictable 
intervals. Conventional cutting systems resulting in either 

uneven-aged or even-aged stands should be scheduled after 
a second or third cutting in previously unharvested stands.

Silvicultural Control of  
Dwarf Mistletoe

Dwarf mistletoe (Arceuthobium vaginatum var. cryptopo-
dum���D�GHVWUXFWLYH�GLVHDVH�RI�VRXWKZHVWHUQ�SRQGHURVD�SLQH��
often infects virgin stands with diseased groups of trees inter-
mingling with healthy groups. The spread of dwarf mistletoe 
is typically from large sawtimber trees to smaller trees within 
the overstory. A number of silvicultural treatments to reduce 
or eliminate dwarf mistletoe had been tested for many years 
RQ� WKH� )RUW� 9DOOH\� ([SHULPHQWDO� )RUHVW� �+HUPDQ� �������
+HLGPDQQ��������VXPPDUL]HG�WKH�LQIRUPDWLRQ�REWDLQHG�IURP�
a large-scale study on Fort Valley to silviculturally control 
dwarf mistletoe in heavily infected stands. Whether heavily 
infected stands can be controlled by harvest cuttings and stand 
LPSURYHPHQW�DQG�ZKDW�LV�WKH�LQÀXHQFH�RI�VWDQG�LPSURYHPHQW�
selection cuttings on the incidence of dwarf mistletoe were 
DPRQJ�WKH�TXHVWLRQV�WKLV�VWXG\�ZDV�GHVLJQHG�WR�DQVZHU�

Study Design

A virgin stand of ponderosa pine trees that had been heav-
ily infected with dwarf mistletoe was the study area. The 
control treatments were limited control by harvest cutting 
DQG� VWDQG� LPSURYHPHQW�� FRPSOHWH� FRQWURO�� DQG� OLJKW� VWDQG�
improvement selection cutting. Each of the three treatments 
ZDV� UHSOLFDWHG� WKUHH� WLPHV� RQ� QLQH� ���KD� ����DFUH�� SORWV��
The objective of limited control was to reduce the intensity 
of dwarf mistletoe infection to a level considered by silvi-
FXOWXUDOLVWV� WR�EH�³XQLPSRUWDQW´� WR� WLPEHU�PDQDJHPHQW�� WKH�
objective of complete control was to eliminate the infection 
WR� WKH�H[WHQW�SRVVLEOH�� DQG� WKH�REMHFWLYH�RI� WKH� OLJKW� VWDQG�
improvement selection was to establish a standard of control 
practices for comparative purposes. The initial harvest cut-
tings to remove infected sawtimber trees were completed in 
1951. Follow-up silvicultural treatments to remove or reduce 
the level of infection in the smaller trees were carried out in 
������7KH�SORWV�ZHUH�UH�WUHDWHG�LQ������DQG�PDUNHG�IRU�WKH�
VHFRQG�UH�WUHDWPHQW�LQ������DOWKRXJK�WKH�WUHHV�ZHUH�QRW�FXW��
It was assumed, however, that the marked trees mimicked the 
anticipated post-treatment stocking and infection.

6SHFL¿FDWLRQV�RI� WKH�KDUYHVW� FXWWLQJV� DQG� WKH�JXLGHOLQHV�
for the stand-improvement selection are too detailed to sum-
marize in this paper. However, this information can be found 
LQ�+HUPDQ���������+HLGPDQQ���������DQG�RWKHUV�

Results

2YHU����SHUFHQW�RI� WKH�RULJLQDO�VDZWLPEHU�ZDV�UHPRYHG�
by both the limited and complete control treatments in the 
study period. Infected stocking was reduced from 46 to 
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��SHUFHQW�E\�OLPLWHG�FRQWURO�DQG�IURP����WR���SHUFHQW�E\�FRP-
SOHWH�FRQWURO��+HLGPDQQ��������7KH�OLJKW�VWDQG�LPSURYHPHQW�
WUHDWPHQW�UHPRYHG����SHUFHQW�RI�WKH�VDZWLPEHU�YROXPH��EXW�
it did not reduce the proportion of infected stocking. Before 
re-treatment in 1958, the guidelines for cutting the limited 
FRQWURO�SORWV�ZHUH�PRGL¿HG�WR�³ZLGHQ´�WKH�GLIIHUHQFH�LQ�LP-
pact between the limited and complete control treatments. As 
D�UHVXOW��WKH�VWRFNLQJ�RI�LQIHFWHG�WUHHV�ZDV����SHUFHQW�KLJKHU�
on the limited control plots than the complete control plots 
LQ�������6WRFNLQJ�IRU�DOO�RI�WKH�WUHDWPHQWV�LQFUHDVHG�EHWZHHQ�
�����DQG�������ZLWK�WKH�JUHDWHVW�LQFUHDVH�RQ�WKH�OLPLWHG�FRQ-
trol plots.

+HLGPDQQ��������FRQFOXGHG�WKDW�GZDUI�PLVWOHWRH�LQ�KHDY-
ily infected ponderosa pine stands could be controlled by 
almost complete removal of the trees in the original stand. 
Because partial clearing of trees leaving a relatively “open 
stand” can cause windthrow of the residual trees, clearcut-
ting was the treatment suggested. Limited control appeared 
impractical, while the light stand-improvement selection 
treatment had little effect on the occurrence of infected trees.

Growing Stock Levels

The early cutting experiments conducted at Fort Valley 
GLG�QRW�SURYLGH�DOO�RI� WKH� LQIRUPDWLRQ� UHTXLUHG�E\�PDQDJHUV�
to prescribe appropriate growing stock levels for even-aged 
VWDQGV�� KRZHYHU�� 7KLV� GH¿FLHQF\� RI� NQRZOHGJH� EHFDPH� LQ-
creasingly apparent as the conversions to managed stands 
continued. There had been little attempt to evaluate the “low-
reserve densities” that might be retained in thinned stands. 
Largely because of this lack of information, a large-scale study 
of growing stock levels in even-aged stands of western pon-
derosa pine was designed to obtain growth information over a 
UDQJH�RI�VWDQG�DQG�VLWH�FRQGLWLRQV��0\HUV��������7KH�&RFRQLQR�
3ODWHDX�RI�QRUWK�FHQWUDO�$UL]RQD�ZDV�VHOHFWHG�DV�RQH�RI�WKH�¿YH�
provinces for this study, with Taylor Woods, part of the Fort 
Valley Experimental Forest, the site for this phase.

Study Design

Densities to be retained in thinned even-aged stands at 
7D\ORU�:RRGV�ZHUH�VSHFL¿HG�LQ�WHUPV�RI�JURZLQJ�VWRFN�OHY-
HOV� WKDW�ZHUH�GH¿QHG�E\� D� VHULHV�RI� UHODWLRQVKLSV�EHWZHHQ�
basal area and average stand dbh. Numerical designation 
of the growing stock level for a stand represented the level 
of basal area per acre that should remain following thin-
ning when the average diameter of trees in the stand is 
���FP�����LQFKHV��LQ�GEK�RU�PRUH��0\HUV��������7KH�GHQ-
VLW\� RI� D� VWDQG� OHVV� WKDQ� ��� FP� ���� LQFKHV�� LQ� GEK�ZDV� D�
“perspective density level” that was designated by the re-
lationship between basal area and stand diameter for the 
selected growing stock level. For example, a stand with an 
DYHUDJH� GEK� RI� ��� FP� ����� LQFKHV�� WR� EH� ³PDQDJHG´� DW� D�

JURZLQJ�VWRFN�OHYHO�RI������P2�KD�����IW2�DFUH��ZRXOG�KDYH�
11.8 m2�KD� ������ IW2�DFUH�� RI� EDVDO� DUHD� IROORZLQJ� D� WKLQ-
QLQJ�WUHDWPHQW��)LJXUH�����7KH�WKLQQLQJ�VFKHGXOH�VKRZQ�E\�
WKH� UHODWLRQVKLSV� LQ� ¿JXUH� �� IRU� D� JURZLQJ� VWRFN� OHYHO� RI�
�����P2�KD� ���� IW2�DFUH�� VSHFL¿HV� UHVLGXDO� WUHH�GHQVLWLHV� WR�
be obtained through the thinning treatments. More than one 
thinning might be necessary to “keep” the stand on the pre-
scribed path.

6L[� JURZLQJ� VWRFN� OHYHOV� LQYHVWLJDWHG� DW�7D\ORU�:RRGV�
ZHUH������������������������������DQG������P2�KD��������������
100, 120, and 150 ft2�DF���7KHVH�JURZLQJ�VWRFN�OHYHOV�ZHUH�
selected for study on the basis of earlier silvicultural experi-
HQFH��EDVHOLQH�LQIRUPDWLRQ�REWDLQHG�IURP�WHPSRUDU\�JURZWK�
SORWV�� DQG� WKH� UHVXOWV� IURP� WKH� HDUOLHU� )RUW�9DOOH\� FXWWLQJ�
experiments. The highest and lowest growing stock lev-
els were considered to be beyond the “desirable range” of 
growing stock for timber production, but they were included 
in the study to provide a range of management alternatives 
�0\HUV��������(DFK�RI�WKH�JURZLQJ�VWRFN�OHYHOV�VWXGLHG�ZDV�
UHSOLFDWHG�WKUHH�WLPHV��6WDQGV�ZHUH�PDUNHG�DQG�WKLQQHG�LQ�
late summer to early fall of 1962. Implementation of the 
study was largely a low thinning operation with the smallest 
trees and “rough dominants” removed.

Results

,QLWLDO� UHVXOWV� DW�7D\ORU�:RRGV� REWDLQHG� ¿YH� \HDUV� DIWHU�
thinning indicated that periodic annual diameter, basal area, 
and volume growth of residual trees in the thinned stands 
increased in varying magnitudes throughout the range of 
JURZLQJ� VWRFN� OHYHOV� �6FKXEHUW� ������� )XUWKHUPRUH�� WKH�
increases in growth were concentrated in few and higher 
TXDOLW\�WUHHV��+RZHYHU��VWDQGV�ZLWK�WKH�KLJKHU�JURZLQJ�VWRFN�
levels remained understocked according to the designated 
EDVDO� DUHD� OHYHOV� UHTXLUHG� IRU� WKH� DYHUDJH� VWDQG� GLDPHWHUV�
measured. It was concluded, therefore, that slower growth 
at the higher levels had “prevented” these stands from over-
coming their original understocked conditions.

7KH����\HDU�¿QGLQJV�RI�WKH�VWXG\�UHSRUWHG�E\�5RQFR�DQG�
RWKHUV� ������� GLIIHUHG� VRPHZKDW� IURP� WKH� HDUO\� UHVXOWV� RI�
6FKXEHUW���������:LWK�WKH�H[FHSWLRQ�RI�KHLJKW�JURZWK��DOO�DY-
HUDJHV�RI� WKH�RWKHU� WUHH� FKDUDFWHULVWLFV�PHDVXUHG�E\�5RQFR�
and others exhibited a negative relationship with increasing 
stand densities. A two- to three-fold increase in periodic annu-
al diameter growth and the two-thirds increase in the average 
stand diameter between the highest and lowest growing stock 
OHYHOV�FRQ¿UPHG�HDUOLHU�REVHUYDWLRQV�RI�WKH�JURZWK�SRWHQWLDOV�
of ponderosa pine stands. In contrast to tree characteristics, 
however, stand characteristics such as basal area and volume 
increments showed a positive relationship with increasing 
stand densities. Intervening tree mortality had little effect on 
WKH�RYHUDOO�UHVXOWV�IRU�WKH�¿UVW����\HDUV�RI�WKH�VWXG\�

A 40-year update of the study of growing stock levels at 
Taylor Woods is presented by John Bailey elsewhere in the 
proceedings of this conference.
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A Status-of-Knowledge Report

Technical information and observations on stand man-
DJHPHQW�WKDW�KDG�DFFXPXODWHG�WKURXJK�WKH�HDUO\�����V�ZHUH�
summarized in a “status-of-knowledge report” on the sil-
viculture of southwestern ponderosa pine forests prepared 
E\�6FKXEHUW���������7KLV�UHSRUW�EURXJKW� WRJHWKHU� LPSRUWDQW� 
timber-oriented facts to provide a reference for managers. 
Much of the knowledge presented had been gained from the 
¿QGLQJV�IURP�WKH�)RUW�9DOOH\�FXWWLQJ�H[SHULPHQWV��,QFOXGHG�
in the report was a review of silvicultural treatments to ma-
nipulate stands to create either even-aged or uneven-aged 
VWUXFWXUHV�� 5HVHDUFK� DW� )RUW� 9DOOH\� DQG� HOVHZKHUH� LQ� WKH�
region suggested that depending on the management objec-
tives, many stands could be managed as either one structure 
or the other. However, if the conversion from one structure 
to the other was deemed advisable, it was stressed that the 
conversion process should be made without destroying the 
residual growing stock. Furthermore, it was suggested that 
the conversion process be accomplished by combining 
groups of stands of similar condition classes. Also, retaining 
size classes of trees beyond their “normal rotation” or stimu-
lating growth rates of smaller size classes to accelerate their 
HQWU\�LQWR�ODUJHU�VL]H�FODVVHV�PLJKW�EH�UHTXLUHG�

Figure 1. Residual basal area of a stand after thinning in relation to average stand diameter (from 
Myers 1967). The relationships shown are thinning schedules for selected growing stock levels in 
southwestern ponderosa pine stands.

Intermediate cuts to be made following the establish-
ment of a managed stand until it was time to replace it with 
a regeneration cut were outlined in the report. Among the in-
termediate cuttings were thinnings to improve tree spacing, 
release cuttings, improvement cuttings, sanitation cuttings, 
DQG�VDOYDJH�FXWWLQJV��6WDQGDUG�UHJHQHUDWLRQ�FXWWLQJV�LQFOXG-
ing the shelterwood, seed-tree, clearcutting, and selection 
methods were also reviewed with reference to their applica-
tions in southwestern ponderosa pine forests.

A Changing Situation

Following increases in allowable timber harvesting into 
the 1960s, when removals were generally one-third to two-
thirds of the merchantable volume, the levels of harvesting in 
WKH�UHJLRQ�UHPDLQHG�UHODWLYHO\�ÀDW�LQWR�WKH�����V��+RZHYHU��
timber harvesting operations and silvicultural treatments to 
improve stand structures began to decline in the early 1990s 
DIWHU�D�QXPEHU�RI�ODZVXLWV�¿OHG�E\�HQYLURQPHQWDO�RUJDQL]D-
tions challenged many of the sales. These challenges were 
based on a perceived failure—in the opinion of the envi-
URQPHQWDO� RUJDQL]DWLRQV²WR� DGHTXDWHO\� SURWHFW� ELRORJLFDO�
diversity and the habitats of rare, threatened, and endangered 



22 USDA Forest Service RMRS-P-55.  2008.

species. A lack of merchantable trees and unfavorable market 
conditions also contributed to this situation. With the curtail-
PHQW�LQ�WLPEHU�KDUYHVWLQJ�KDYH�EHHQ�FRQVHTXHQW�DOWHUDWLRQV�
in the structure, stocking, and growth of the region’s forests. 
The earlier emphasis that managers often placed on obtaining 
and maintaining even-aged stand structures has been largely 
replaced with a gradual movement to more natural uneven-
aged structures.

,QFUHDVHV� LQ� ODUJH�ZLOG¿UHV�KDYH�DOVR�DOWHUHG�WKH�FKDUDF-
WHU�RI�WKH�UHJLRQ¶V�IRUHVWV��6WDQGV�H[SHULHQFLQJ�KLJK�VHYHULW\�
¿UH�KDYH�EHHQ�GDPDJHG�RU�GHVWUR\HG�RU�WKHLU�HFRORJLFDO�IXQF-
tioning has been disrupted, while the stands burned by lower 
VHYHULWLHV�¿UH�DUH�RIWHQ�LPSDFWHG�OHVV��6XFK�VWDQG�DOWHUDWLRQV�
RFFXUUHG�IROORZLQJ�WKH�5RGHR�&KHGLVNL�:LOG¿UH�RI�������WKH�
ODUJHVW�NQRZQ�ZLOG¿UH�LQ�$UL]RQD¶V�KLVWRU\��1HDU\�DQG�RWKHUV�
�������$�PRVDLF�RI� VWDQGV�EXUQHG�DW�YDU\LQJ�¿UH� VHYHULWLHV�
with intermingling unburned stands was created following 
WKLV�¿UH�

6WDQG�OHYHO� H[SHULPHQWV� DW� )RUW�9DOOH\� DQG� VLOYLFXOWXUDO�
research elsewhere in the southwestern region have been 
UH�RULHQWHG��WR�VRPH�H[WHQW��LQ�UHVSRQVH�WR�WKLV�FKDQJLQJ�VLWX-
ation brought about by the curtailment of timber harvesting 
DQG� LQFUHDVHV� LQ� ODUJH�ZLOG¿UHV��7ZR�HIIRUWV�RI�QRWH� LQ� WKLV�
UHJDUG�KDYH�EHHQ�WKH�LQLWLDWLRQ�RI�UHVWRUDWLRQ�VWXGLHV�DQG�¿UH�
DQG�¿UH�VXUURJDWH�VWXGLHV�

Restoration Studies

&RQFHUQV�DERXW�WKH�LQFUHDVLQJ�¿UH�GDQJHU�WR�SHRSOH¶V�OLYHV�
and property because of the increasingly larger fuel loads and 
�SRVVLEOH��FKDQJLQJ�FOLPDWLF�UHJLPHV�OHG�WR�WKH�HVWDEOLVKPHQW�
RI�WKH�*UDQG�&DQ\RQ�)RUHVWV�3DUWQHUVKLS�LQ�����²UHQDPHG�
WKH�*UHDWHU�)ODJVWDII�)RUHVWV�3DUWQHUVKLS�LQ�������7KH�DLP�RI�
this partnership of public agencies and private organizations 
KDV�EHHQ�ODUJHO\�LPSOHPHQWLQJ��RQ�D�ODUJHU�VFDOH��WKH�¿QGLQJV�
REWDLQHG�IURP�D�NH\VWRQH�UHVWRUDWLRQ�H[SHULPHQW�RQ�WKH�*��$��
3HDUVRQ�1DWXUDO�$UHD�DW�)RUW�9DOOH\��7KHVH�¿QGLQJV�VKRZHG�
the response of trees, herbaceous plants, and soils to an ar-
ray of thinning and burning treatments (Covington and others 
�������,GHDOV�RI�HFRORJ\��FRPPXQLW\�FROODERUDWLRQ��DQG�HFRQ-
omy were the collective visions to be realized in these larger 
experiments to be placed on demonstration plots.

Study Design

Twelve blocks within Fort Valley were the demonstra-
tion areas for the studies. Nine of these blocks were thinned 
DQG�RU�EXUQHG�WR�YDU\LQJ�SUHVFULSWLRQV��ZKLOH�WKH�UHPDLQLQJ�
blocks remained untreated controls. The idea was that the 
thinnings would create stand structures emulating those rep-
resentative of presettlement conditions, allowing ecosystem 
SURFHVVHV�LQFOXGLQJ�UHFXUULQJ�³ORZ�OHYHO´�¿UH�WR�EH�VXVWDLQHG�
�&RYLQJWRQ�DQG�RWKHUV�������0DVW�DQG�RWKHUV�������0RRUH�
DQG� RWKHUV� ������� 2OG�JURZWK� WUHHV� ZHUH� FRQVLGHUHG� WR� EH�
largely of presettlement origin and, therefore, generally left 

VWDQGLQJ��$� VSHFL¿HG� QXPEHU� RI� \RXQJHU� WUHHV�ZHUH� GHVLJ-
nated “replacement trees” to also be left following thinning. 
The thinning treatments were completed in 1998, with the 
slash piled and burned after which the treated blocks were 
broadcast burned in 2000 and 2001.

Initial Results

Initial results of the treatments studied revealed restora-
tion opportunities. Tree densities of treated stands have been 
reduced by up to 85 percent. Blocks with old-growth trees 
are looking like the open forests of presettlement times. 
However, many younger trees left in these blocks were small 
in size and surrounded by “fresh” stumps, bare soil, and in-
YDVLYH�SODQW�VSHFLHV��)ULHGHULFL�������)XOp�DQG�RWKHUV��������
2Q�D�SRVLWLYH�QRWH��ÀDPPDEOH�IXHOV�LQ�WUHH�FDQRSLHV�KDG�EHHQ�
reduced by the thinning treatments and the burning of slash 
piles and the imposed broadcast burning reduced fuels on the 
IRUHVW�ÀRRU��,W�KDV�EHHQ�JHQHUDOO\�FRQFOXGHG�WKDW�LW�ZLOO�OLNHO\�
take decades or even centuries before the stands attain a con-
dition approximating the presettlement era.

Fire and Fire Surrogate Study

(YHQ�LQ�WKH�IDFH�RI�PRUH�IUHTXHQW�ZLOG¿UHV��PDQ\�XQEXUQHG�
stands have become increasingly dense over the last century, 
ZLWK� H[FHVVLYH� DFFXPXODWLRQV� RI� ÀDPPDEOH� IXHOV�� 7KH� HV-
FDODWLQJ�RFFXUUHQFHV� RI� FDWDVWURSKLF�ZLOG¿UHV� LQ� WKH� UHJLRQ�
KDYH�RIWHQ�EHHQ��DW�OHDVW�SDUWLDOO\��DWWULEXWHG�WR�WKLV�FRQGLWLRQ��
Managers, therefore, need better information on the appropri-
DWH�VWDQG�PDQDJHPHQW� WR�DYRLG� IXWXUH�ZLOG¿UHV�DQG� UHVWRUH�
WKH�GHQVHO\�VWRFNHG�VWDQGV�WR�D�³PRUH�QDWXUDO´�VWDWH��$�TXHV-
WLRQ�DVNHG�E\�WKH�PDQDJHUV�LV��&DQ�³¿UH�VXUURJDWHV´�VXFK�DV�
varying combinations of tree cuttings and mechanical fuel 
WUHDWPHQWV�UHSODFH�WKH�HFRORJLFDO�UROH�RI�QDWXUDO�¿UH�LQ�UHWDLQ-
ing the health of these stands? In attempting to answer this 
TXHVWLRQ��D�VHW�RI�LQWHUGLVFLSOLQDU\�VWXGLHV�IXQGHG�E\�WKH�-RLQW�
)LUH�6FLHQFHV�3URJUDP�ZDV�LQLWLDWHG�LQ������WR�HYDOXDWH�WKH�
HFRORJLFDO�DQG�HFRQRPLF�FRQVHTXHQFHV�RI�WKH�DOWHUQDWLYH�IXHO�
reduction treatments available to managers.

6HYHQ�RI�WKH����VWXG\�VLWHV�DUH�ORFDWHG�LQ�ZHVWHUQ�FRQLI-
erous forests where ponderosa pine is a main component 
�(GPLQVWHU� DQG�RWKHUV��������2QH�RI� WKHVH� VLWHV� LV� VLWXDWHG�
close to the Fort Valley Experimental Forest. Fuel reduction 
treatments on this site include mechanical only, prescribed 
¿UH�RQO\��PHFKDQLFDO� DQG�SUHVFULEHG�¿UH�� DQG� D� �XQWUHDWHG��
FRQWURO��7KH�UHVSRQVH�YDULDEOHV�PHDVXUHG�RQ�WKH�VLWH�UHÀHFW�
IXHOV�DQG�¿UH�EHKDYLRU��YHJHWDWLYH�FRQGLWLRQV��VRLOV�DQG�IRUHVW�
ÀRRU� FKDUDFWHULVWLFV�� K\GURORJLF� SURFHVVHV�� ZLOGOLIH� FRQGL-
tions, occurrences of insects and diseases, treatment costs, 
and social values. While the measurement of these variables 
continues, it is anticipated that the results obtained will lead 
to management prescriptions that will reduce the threat of 
GHYDVWDWLQJ�ZLOG¿UH�LQ�WKH�IXWXUH�DQG�HQKDQFH�WKH�KHDOWK�RI�
the managed stands.
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Summary

6WXGLHV� RQ� VWDQG� PDQDJHPHQW� DW� WKH� )RUW� 9DOOH\�
Experimental Forest and surrounding areas have largely par-
alleled management needs in southwestern ponderosa pine 
forests. Initial emphasis was placed on converting virgin 
stands to management stands through partial timber har-
vesting. Cuttings to sustain the conditions achieved in the 
PDQDJHG�VWDQGV�ZHUH�WKHQ�WHVWHG��,QVXI¿FLHQW�NQRZOHGJH�RI�
the low-reserve densities to retain in even-aged stands to be 
thinned led to a regional study of growing stock levels, with 
one of the study sites located at Fort Valley. More recently, 
studies on stand management have changed in their focus in 
response to the curtailment of timber harvesting and increas-
LQJ�RFFXUUHQFH�RI�ZLOG¿UHV��5HVWRUDWLRQ�VWXGLHV�DQG�VWXGLHV�RI�
¿UH�DQG�¿UH�VXUURJDWHV�KDYH�EHHQ�LQLWLDWHG�DV�D�UHVXOW��$�WKHPH�
of the recent research has been to provide a better foundation 
to the planning for sustainable forest management practices 
WR� DFKLHYH� HFRV\VWHP�EDVHG�� DQG� PXOWLSOH�EHQH¿W� JRDOV� LQ�
ponderosa pine forests.
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The content of this paper reflects the views of the author(s), who are 
responsible for the facts and accuracy of the information presented 
herein.
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Introduction

5HJHQHUDWLQJ�SRQGHURVD�SLQH�LQ�WKH�:HVWHUQ�8QLWHG�6WDWHV�
LV�GLI¿FXOW��7KH�SULPDU\�REVWDFOH�WR�UHJHQHUDWLRQ�RI�WKLV�VSH-
cies throughout its natural range is drought (Curtis and Lynch 
�������$QQXDO�SUHFLSLWDWLRQ�LQ�WKH�ZHVWHUQ�DQG�VRXWKZHVWHUQ�
8QLWHG�6WDWHV�LV�JHQHUDOO\�DGHTXDWH�IRU�WUHH�JURZWK��EXW�HUUDW-
ic distribution during the year makes seedling establishment 

In: 2OEHUGLQJ��6XVDQ�'���DQG�0RRUH��0DUJDUHW�0���WHFK�FRRUGV��������)RUW�9DOOH\�([SHULPHQWDO�)RUHVW²$�&HQWXU\�RI�5HVHDUFK������������
3URFHHGLQJV�5056�3�����)RUW�&ROOLQV��&2��8�6��'HSDUWPHQW�RI�$JULFXOWXUH��)RUHVW�6HUYLFH��5RFN\�0RXQWDLQ�5HVHDUFK�6WDWLRQ������S�

Forest Regeneration Research at Fort Valley

L. J. (Pat) Heidmann, (ret.), USFS, Fort Valley Experimental Forest, Rocky 
Mountain Research Station, Flagstaff, AZ

Abstract—When G. A. Pearson arrived at Fort Valley to establish the first Forest Service 
Experiment Station he found many open park-like stands similar to those in Figure 1. Within 
two years, Pearson had outlined the major factors detrimental to the establishment of pon-
derosa pine seedlings (Pearson 1910). During the next almost 40 years, he wrote many 
articles on methods of cutting, tree planting, thinning, raising seedlings, natural regeneration 
and other aspects of forest management. His findings are contained in his landmark treatise, 
“Management of Ponderosa Pine in the Southwest” (1950). Gaines and Shaw (1958) sum-
marize the first fifty years of research at Fort Valley. The following reviews Pearson’s findings 
along with discoveries made since 1958.

GLI¿FXOW�� ,Q� WKH�VRXWKZHVWHUQ�8QLWHG�6WDWHV��DQQXDO�SUHFLSL-
WDWLRQ� LQ� WKH� SRQGHURVD�SLQH� W\SH�YDULHV� IURP���� WR� ��� FP�
������� LQFKHV�� �6FKXEHUW� �������$ERXW� KDOI� RI� WKLV� RFFXUV�
as snow during the winter months and half as rainfall, pri-
marily during a summer “monsoon” season during July and 
$XJXVW��6SULQJ�DQG�IDOO�GURXJKWV�DUH�FRPPRQ��6KRUWO\�DIWHU�
tree planting in the spring, a drought period of up to 60 days 
or more may occur.

Figure 1. Open 
park-like stand of 
ponderosa pine in 
1909. USFS photo 
89806 by G. A. 
Pearson.
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Figure 2. Dense stand of 
Arizona fescue (Festuca 
arizonica) and mountain 
muhly (muhlenbergia 
montana) at Wing 
Mountain, AZ, in 1962. 
USFS photo by L. J. 
Heidmann.

Dry conditions coupled with competition from various 
KHUEDFHRXV� VSHFLHV�� SULPDULO\� SHUHQQLDO� JUDVVHV�� �)LJXUH� ���
effectively lowers soil water potential (Ψ�� WR�D�SRLQW�ZKHUH�
SLQH� VHHGOLQJV� KDYH�GLI¿FXOW\� H[WUDFWLQJ�PRLVWXUH� IURP� WKH�
soil. Natural seedlings that do not germinate until summer 
rains begin in late July and August face a very short period 
during which to become established before a fall drought. 
*URZWK�RI�VHHGOLQJV�RQ�YROFDQLF�VRLOV�LV�YHU\�VORZ��$V�D�UHVXOW�
seedlings are very susceptible to drought and frost heaving 
�+HLGPDQQ�������/DUVRQ�������

Obstacles to Regeneration

Soils

5HJHQHUDWLRQ� SUREOHPV� DUH� FORVHO\� UHODWHG� WR� VRLOV� W\SH��
,Q�WKH�6RXWKZHVW��IRUHVW�VRLOV�DUH�SULPDULO\�YROFDQLF�RU�VHGL-
mentary in origin. Volcanic soils, derived from basalt rocks 
and cinders (throughout this paper volcanic soils will be 
UHIHUUHG�WR�DV�EDVDOW�VRLOV��FRQWDLQ�KLJK�DPRXQWV�RI�VLOW�����
�����ZLWK�WKH�UHPDLQLQJ�IUDFWLRQ�FRPSRVHG�SULPDULO\�RI�FOD\�
�+HLGPDQQ�DQG�7KRUXG��������2Q�WKHVH�VRLOV��VHHG�JHUPLQD-
WLRQ�LV�XVXDOO\�DGHTXDWH��EXW�VHHGOLQJV�DW�WKH�HQG�RI�WKH�¿UVW�
JURZLQJ�VHDVRQ�DUH�YHU\�VPDOO������FP�WDOO��)LJXUH�����6PDOO�
seedlings on these soils are highly susceptible to frost heav-
LQJ� �+HLGPDQQ� DQG� 7KRUXG� ������ /DUVRQ� ������ 6FKUDPP�
�������,Q�DGGLWLRQ��RQ�EDVDOW�GHULYHG�VRLOV��PRLVWXUH�EHFRPHV�
OLPLWLQJ�ZKHQ�VRLO�PRLVWXUH�FRQWHQW��60&��GURSV�EHORZ�����
and (Ψ��LV�DSSUR[LPDWHO\������03D������EDUV��+HLGPDQQ�DQG�

.LQJ�������)LJXUH�����)URVW�KHDYLQJ�DQG�PRLVWXUH�VWUHVV�HI-
fectively prevent natural regeneration on these soils. There 
DUH�LQGLFDWLRQV��KRZHYHU��WKDW�¿UVW�\HDU�VHHGOLQJV�JURZLQJ�RQ�
basalt soils on which litter has been burned are much larger in 
VL]H�DQG�GR�QRW�KHDYH�DV�UHDGLO\�DV�VPDOOHU�VHHGOLQJV��6DFNHWW�
������

6HGLPHQWDU\�VRLOV��GHULYHG�IURP�OLPHVWRQH�DQG�VDQGVWRQH�
parent material, in contrast, are much coarser in texture, often 
FRQWDLQLQJ�����RU�PRUH�VDQG�VL]HG�SDUWLFOHV��,Q�WKHVH�VRLOV��
PRLVWXUH�GRHV�QRW�EHFRPH�OLPLWLQJ�XQWLO�60&�GURSV�EHORZ�
������DIWHU�ZKLFK�YHU\�VPDOO�ORVVHV�LQ�60&�UHVXOW�LQ��Ψ��ORZ-
HULQJ�GUDPDWLFDOO\��EHFRPHV�PRUH�QHJDWLYH���+HLGPDQQ�DQG�
.LQJ� ������ )LJXUH� ���� )LUVW� \HDU� VHHGOLQJV� RQ� VHGLPHQWDU\�
VRLOV�DUH�XVXDOO\�PXFK�ODUJHU�WKDQ�VHHGOLQJV�RQ�EDVDOW�VRLOV��
however, in greenhouse studies both container and bare-root 
seedlings seemed to survive as well or better on basalt soils 
�+HLGPDQQ�DQG�.LQJ��������)URVW�KHDYLQJ�LV�OHVV�RI�D�SURE-
lem on sedimentary soils, but will occur, especially if soils 
DUH�FRPSDFWHG��+HLGPDQQ�DQG�7KRUXG�������)LJXUH����

Moisture Stress

Although soil moisture is often limiting, seedlings can en-
GXUH�VHYHUH�PRLVWXUH�VWUHVV�DQG�UHFRYHU��6HHGOLQJV�DSSHDU�DEOH�
to “shut down” physiologically during periods of moisture 
stress and resume physiological activity when soil moisture 
LV�UHSOHQLVKHG��6WXGLHV�E\�+HLGPDQQ�DQG�.LQJ��������KDYH�
VKRZQ� WKDW� SRQGHURVD� SLQH� VHHGOLQJV� JURZQ� IRU� ���� GD\V�
ZLWKRXW�ZDWHULQJ�KDYH�YHU\�ORZ�WUDQVSLUDWLRQ��WV��DQG�VWRPD-
WDO�FRQGXFWDQFH��JV��UDWHV�LQ�DGGLWLRQ�WR�D�GUDPDWLF�UHGXFWLRQ�
LQ�QHW�SKRWRV\QWKHWLF��SQ��UDWHV��EXW�DIWHU�UH�ZDWHULQJ��VHHG-
OLQJV�DSSHDU�WR�UHFRYHU�UDSLGO\��+HLGPDQQ�DQG�6DQGRYDO������
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Figure 3. Ponderosa pine seedling growing on bare volcanic 
soil at the end of summer 1957. Seedlings in this study 
were watered three times a week throughout the summer 
and are no taller than a toothpick. USFS photo by L. J. 
Heidmann.

Figure 4. Soil moisture content (%) plotted against soil water potential in mega-pascals 
(Mpa) for a basalt soil in northern Arizona. One Mpa roughly equals ten bars of 
atmospheric pressure. Below 10% SMC water becomes more limiting for ponderosa 
pine seedlings.
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�XQSXEOLVKHG�GDWD��DQG�+HLGPDQQ�DQG�+XQWVEHUJHU�������XQ-
SXEOLVKHG�GDWD��REVHUYHG�WKDW�SRQGHURVD�SLQH�VHHGOLQJV�LQ�D�
chamber in which the roots were sealed in plastic bags sub-
jected to very high osmotic solutions of polyethylene glycol 
were able to absorb moisture from a saturated atmosphere 
through the seedling tops.

+HLGPDQQ��SHUVRQDO�REVHUYDWLRQ��IRXQG�D�SRQGHURVD�SLQH�
WUHH� DSSUR[LPDWHO\� ��� FP� ���� LQ�� WDOO� JURZLQJ� LQ� D� VPDOO�
depression on top of a boulder, approximately 90 cm in di-
ameter, in which there was a small collection of litter. The 
tree fell during examination since it had almost no root sys-
tem. Although ponderosa pine is very drought tolerant, trees 
SXW�RQ�VLJQL¿FDQWO\�JUHDWHU�KHLJKW�JURZWK�ZKHQ�PRLVWXUH�LV�
plentiful.

Competing Vegetation

7KH�FRPELQDWLRQ�RI�FRPSHWLQJ�YHJHWDWLRQ�DQG�LQDGHTXDWH�
VRLO�PRLVWXUH�HIIHFWLYHO\�UHVWULFWV�QDWXUDO�DQG�DUWL¿FLDO�UHJHQ-
eration efforts on all soil types. The most severe competitors 
are spring-growing bunch grasses such as Arizona fescue 
(Festuca arizonica���7KLV�VSHFLHV�KDV�DQ�H[WHQVLYH�URRW�V\V-
WHP��)LJXUH����WKDW�DSSURSULDWHV�VRLO�PRLVWXUH�IURP�WKH�XSSHU�
soil layers at the expense of tree seedlings. In addition, fescue 
and other grasses contain growth inhibiting chemicals that 
UHVWULFW�JHUPLQDWLRQ�RI�SLQH�VHHG�DQG�VXEVHTXHQW�JURZWK�RI�
VHHGOLQJV� �5LHWYHOG��������7KH�FRPELQDWLRQ�RI�GHQVH�JUDVV�
root systems, growth inhibitors, low soil temperatures and 
ORZ�PRLVWXUH�XQWLO�-XO\�RU�ODWHU�PDNH�LW�YHU\�GLI¿FXOW�IRU�VHHG-
OLQJV�WR�VXUYLYH��/DUVRQ�������3HDUVRQ�������5LHWYHOG�������

Figure 5. Mean frost heaving per day by soil bulk density for six soils in northern Arizona. Measurements were conducted in the 
laboratory using a specially designed freezing chest. USFS photo by L. J. Heidmann.

Figure 6. Root system of Arizona fescue (Festuca arizonica). 
These roots are very dense and fibrous and can completely 
appropriate moisture from the upper 20 to 25 cm of soil. 
USFS photo by L. J. Heidmann.
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Climate

In addition to erratic precipitation, wind is another climatic 
IDFWRU�GHWULPHQWDO�WR�HVWDEOLVKPHQW�RI�WUHH�VHHGOLQJV��6WURQJ�
winds are common throughout much of the ponderosa pine 
range. At or shortly after tree planting in the spring, plan-
tation sites are subjected to warm days, very low humidity, 
little or no precipitation, and strong winds. Under these con-
GLWLRQV��HVSHFLDOO\�LI�VLWH�SUHSDUDWLRQ�LV�LQDGHTXDWH�RU�ODFNLQJ��
WUHH�VHHGOLQJV�GHVLFFDWH�YHU\�TXLFNO\�

$KQVKE�(CEVQTU

Other elements affecting reforestation efforts can be com-
bined under “biotic attrition.” A whole host of insects, birds 
and mammals feed on ponderosa pine seed and young trees, 
and may effectively prevent tree establishment. The great-
est threat comes from domestic livestock and large browsing 
mammals. If cattle or sheep are allowed to graze in newly 
established regeneration areas failure is sure to follow. In the 
6RXWKZHVW��VKHHS�KDYH�JUD]HG�IRUHVW�ODQG�RQ�,QGLDQ�UHVHUYD-
tions since their establishment. Now, however, tribal leaders 
realize the necessity of protecting regeneration and recom-
mend excluding sheep and cattle from regeneration sites 
�$UEDE�DQG�0HWWHED��QR�GDWH��

Other large mammals, such as mule deer (Odocoileus 
hemionus�� DQG� HON� �Cervus elaphus��� FDXVH� FRQVLGHUDEOH�
EURZVLQJ� DQG� WUDPSOLQJ� GDPDJH�� 6PDOO�PDPPDOV�� VXFK� DV�
gophers (Thomomys�VSS���DQG�UDEELWV��Sylvilagus and Lepus���
FDXVH�VHYHUH�ORFDO�GDPDJH��)LJXUH�����0LFH��SDUWLFXODUO\�WKH�
white-footed deer mouse (Peromyscus maniculatus��� FRQ-
sume vast amounts of seeds that fall to the ground, and Abert 
VTXLUUHOV��Sciurus aberti��FRQVXPH�ODUJH�DPRXQWV�RI�FRQHV�DV�
WKH\�PDWXUH�RQ�WKH�WUHH��/DUVRQ�DQG�6FKXEHUW�������

Despite these adverse factors, ponderosa pine may be re-
JHQHUDWHG�ERWK�QDWXUDOO\�DQG�DUWL¿FLDOO\�LI�SURSHU�SURFHGXUHV�
are followed (Heidmann and Haase 1989, Heidmann and oth-
HUV�������+HUPDQQ�������6FKXEHUW�DQG�RWKHUV������6FKXEHUW�
������

Findings in the Last Fifty Years

#TVKğEKCN�4GIGPGTCVKQP
Planting

For planting to succeed it is essential to have a thoroughly 
prepared site. Countless experiments over the years have 
shown that tree planting on sites where competing vegeta-
tion has not been deadened or removed is a waste of time 
DQG� PRQH\�� 6HYHUDO� H[SHULPHQWV� ZHUH� FRQGXFWHG� DW�:LQJ�
Mountain, near Fort Valley, in the 1960s to test several her-
bicides for their effectiveness in killing perennial grasses and 
their effect on soil moisture.

In one experiment, soil moisture was studied at depths 
RI�XS�WR�����FP�����LQFKHV��IRU�WZR�\HDUV�RQ�SORWV�WKDW�KDG�

grasses, primarily Arizona fescue, either killed with herbicide 
RU�UHPRYHG�FRPSOHWHO\��)LJXUH�����6RLO�PRLVWXUH�ZDV�VLJQLI-
icantly higher on plots where grass was deadened than on 
plots with the grass removed or control plots where the grass 
ZDV� XQGLVWXUEHG� �)LJXUH� ���� HVSHFLDOO\� IRU� WKH� FULWLFDO� �� WR�
���FP����WR���LQFKHV��GHSWK��8QGHU�WKHVH�FRQGLWLRQV�WKH�JUDVV�
serves as excellent mulch. This was especially true during the 
VXPPHU�RI�������)LJXUH����WKDW�KDG�DQ�XQXVXDO�SUHFLSLWDWLRQ�
pattern. Each of the months from May to October received 
DSSUR[LPDWHO\������FP���RQH�LQFK��RI�SUHFLSLWDWLRQ�DQG�WKLV�
JHQHUDOO\�FDPH�RQ�RQH�RU�WZR�GD\V��+HLGPDQQ�������

7R�VDPSOH�PXOFKLQJ�WHFKQLTXHV��DQ�H[SHULPHQW�IRXQG�WKDW�
D�PXOFK�RI�WKUHH�URFNV��)LJXUH������SODFHG�DURXQG�WKH�VWHP�
of ponderosa pine seedlings, improved survival regardless 
of the site preparation treatment, but survival was highest 
on plots where all the grass had been removed (Heidmann 
����E��

In another experiment, several herbicides were studied 
for their effectiveness in killing perennial grasses, primarily 
Arizona fescue and mountain muhly (Muhlenbergia mon-
tana���7KH�OHDVW�H[SHQVLYH�DQG�PRVW�HIIHFWLYH�KHUELFLGH�ZDV�
GDODSRQ� �����GLFKORURSURSLRQLF� DFLG�� �+HLGPDQQ� ����D���
Unfortunately, this herbicide is no longer available in the 
8QLWHG�6WDWHV�� ,Q� ODWHU� H[SHULPHQWV� LW�ZDV� IRXQG� WKDW� KHU-
bicides such as Roundup� �JO\SKRVDWH�� DUH� DOVR� HIIHFWLYH�
but more expensive. Roundup kills both grasses and forbs 
�ZHHGV���+HLGPDQQ�����������D��

Figure 7. Planted ponderosa pine seedling showing rabbit 
damage. The seedling top has been clipped off. USFS photo 
by L. J. Heidmann.
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Figure 8. Soil moisture study at 
Wing Mountain, AZ, in 1962. 
Soil moisture was compared on 
plots with grass sprayed with 
dalapon, removed completely, 
or left undisturbed over a two-
year period. USFS photo by L. J. 
Heidmann.

Figure 9. Soil moisture at Wing Mountain, AZ, for 0 to 
20 cm depth comparing moisture on plots with dead 
grass, grass removed, and live grass, in 1963. USFS 
photo by L. J. Heidmann.

Figure 10. Mulch of 3-rocks placed around the stem of a 
ponderosa pine transplant at A-1 Mountain, AZ, in 1960. 
USFS photo by L. J. Heidmann.
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$W�WKH�)RUHVW�6HUYLFH�WUHH�QXUVHU\�DW�$OEXTXHUTXH��1HZ�
Mexico, two herbicides were tested for effectiveness in 
controlling weeds in nursery beds. Both Goal �R[\ÀXRU-
IHQ��DQG�Modown��%LIHQR[��VSUD\HG�RYHU�QHZO\�JHUPLQDWHG�
ponderosa pine seedlings were effective in preventing es-
tablishment of grasses and forbs without damaging pine 
VHHGOLQJV��+HLGPDQQ�DQG�+DDVH�������

0RVW�VLWH�SUHSDUDWLRQ�PHWKRGV�LQ�WKH�6RXWKZHVW�KDYH�LQ-
volved plowing or disking to get rid of grasses and forbs. 
These methods, however, do not result in as high a soil 
moisture as killing the vegetation and leaving the dead 
plants to serve as a mulch.

Seedlings

Seed Production

,Q� D� VWXG\� RI� WKH� $SDFKH�6LWJUHDYHV� 1DWLRQDO� )RUHVW�
LQ�ZKLFK� FRQH� DQG� VHHG�SURGXFWLRQ�ZHUH� VWXGLHG� LQ�������
it was found that ponderosa pine produced an average of 
25 pounds of seed per acre. Individual plots produced as 
PXFK�DV����SRXQGV�RI�VHHG��+HLGPDQQ�����D���7KLV�DPRXQW�
RI�VHHG�����SRXQGV�SHU�DFUH��LV�JUHDWHU�WKDQ�WKH�DPRXQW�RI�
VHHG�HVWLPDWHG�E\�3HDUVRQ��������IRU� WKHVH�VRLOV��7ZHQW\�
¿YH�SRXQGV�RI�VHHG�SHU�DFUH�LV�DSSUR[LPDWHO\�VL[�WLPHV�WKH�
DPRXQW�3HDUVRQ��������FRQVLGHUHG�WR�EH�D�EXPSHU�FURS�DQG�
LV�FORVHU�WR�¿QGLQJV�E\�/DUVRQ�DQG�6FKXEHUW��������IRU�ED-
salt soils.

Heavy fertilization did not have an appreciable effect 
on the growth of ponderosa pine pole sized trees but it did 
VLJQL¿FDQWO\�LQFUHDVH�FRQH�SURGXFWLRQ�DQG�UHVXOWHG�LQ�PRUH�
IUHTXHQW�FRQH�FURSV��+HLGPDQQ��������$SSOLFDWLRQ�RI�XUHD�
ammonium phosphate at rates of up to 1,121 kg per hectare 
�������OEV�DFUH��IRU�IRXU�\HDUV�UHVXOWHG�LQ�JRRG�EXPSHU�FRQH�
FURSV� LQ� WKUHH�RI�¿YH�\HDUV�ZLWK� VHHG�SURGXFWLRQ�RQ� LQGL-
vidual plots of almost 1,000,000 seeds per hectare (400,000 
SHU�DFUH���+HLGPDQQ�������

3RQGHURVD�SLQH�VHHG�UHWDLQ�YLDELOLW\�IRU�ORQJ�SHULRGV�RI�
WLPH�LI�VWRUHG�DW�ORZ�PRLVWXUH�FRQWHQWV��PF���6HHGV�FROOHFW-
HG�DQG�VWRUHG�DW�)RUW�9DOOH\�IRU����\HDUV�DW�D��PF��RI������
KDG�D�YLDELOLW\�RI������+HLGPDQQ�������

6HHGOLQJV� IRU�SODQWLQJ�VKRXOG�EH�JURZQ� IURP�VHHG�FRO-
lected from an area near the eventual planting site that is 
VLPLODU�LQ�HOHYDWLRQ�DQG�FOLPDWH��6FKXEHUW�DQG�RWKHUV��������
Cones should not be collected from trees of poor form or 
ZKLFK� DUH� REYLRXVO\� GLVHDVHG�� 6HHGOLQJV� VKRXOG� KDYH� D�
SURSHU� URRW�VKRRW� UDWLR� DQG� VKRXOG� QRW� EH� OLIWHG� IURP� WKH�
nursery bed until they have a high root regenerating poten-
WLDO� �553�� �-HQNLQVHQ��������([SHULPHQWV�FRQGXFWHG�ZLWK�
WUHHV�UDLVHG�DW�WKH�$OEXTXHUTXH�86)6�QXUVHU\��VLQFH�FORVHG��
showed that for six National Forests in Arizona and New 
Mexico that the later trees are lifted from the nursery bed 
�IRU�H[DPSOH��QHDUHVW�WR�WKH�WLPH�RI�SODQWLQJ���WKH�JUHDWHU�WKH�
UDWH�RI�VXUYLYDO��+HLGPDQQ�����E��

Planting Procedures

6HHGOLQJV� KDYH� EHHQ� SODQWHG� VXFFHVVIXOO\� XWLOL]LQJ�
both planting machines or manual methods (Figures 11a 

DQG���E���5HJDUGOHVV�RI� WKH�PHWKRG�� VHHGOLQJV�QHHG� WR�EH�
SODQWHG�SURSHUO\��6FKXEHUW�DQG�RWKHUV��������7UHHV�QHHG�WR�
be kept moist until they are planted then the roots should 
extend straight down the planting hole and the soil needs 
WR�EH�FRPSDFWHG�¿UPO\�DURXQG�WKH�URRWV��7KHVH�DUH�VLPSOH�
procedures that are necessary for success wherever trees are 
SODQWHG��,Q�WKH�6RXWKZHVW��KRZHYHU��PDQ\�SODQWDWLRQV�KDYH�
IDLOHG�RYHU�WKH�\HDUV�EHFDXVH�RI�SRRU�SODQWLQJ�WHFKQLTXHV�

Protection

3ODQWDWLRQV�QHHG� WR�EH�SURWHFWHG�IRU�VHYHUDO�\HDUV� IURP�
browsing and grazing mammals. Countless experiments 
over the years have proven that cattle and sheep grazing 
newly planted areas can effectively destroy the plantation. 
2Q�WKH�1DYDMR�,QGLDQ�5HVHUYDWLRQ��VKHHS�ZHUH�DOORZHG�WR�
graze pine regeneration areas for decades. However, now 
grazing animals are excluded from regeneration areas 
�$UEDE�DQG�0HWWHED��QR�GDWH��

Experiments conducted at Fort Valley have shown that 
VHHGOLQJV�UHSHDWHGO\�EURZVHG�E\�FDWWOH�DQG�RU�GHHU�FDQ�EH�
protected from browsing using animal repellents (Heidmann 
����D��)LJXUHV���D�DQG���E���)LJXUH���D�VKRZV�WUHHV�LQ�WKH�
foreground that have been browsed repeatedly over the 
\HDUV��7KH\�DUH�WKH�VDPH�DJH�����\HDUV��DV�WKH�WUHHV�LQ�WKH�
background. Trees repeatedly browsed have an extensive 
root system and once released from browsing grow rapidly.

Natural Regeneration

$OWKRXJK� 3HDUVRQ� VXJJHVWHG� WKDW� QDWXUDO� UHJHQHUDWLRQ�
could be obtained by leaving a prescribed number of seed 
trees per acre and following other procedures, attempts were 
XQVXFFHVVIXO��0\� ¿UVW� VXSHUYLVRU�� (GZDUG�0��*DLQHV�� WROG�
PH�ZKHQ�,�DUULYHG�LQ�)ODJVWDII�LQ������WKDW�QR�GHOLEHUDWH�DW-
WHPSWV�WR�JHW�QDWXUDO�UHJHQHUDWLRQ�LQ�WKH�6RXWKZHVW�KDG�HYHU�
been successful.

Natural regeneration has generally not been successful on 
EDVDOW� VRLOV� SULPDULO\� EHFDXVH� ¿UVW� \HDU� VHHGOLQJV� DUH� YHU\�
VPDOO�RQ�WKHVH�¿QH�WH[WXUHG�VRLOV��DQG�DV�D�UHVXOW��DUH�KLJKO\�
VXVFHSWLEOH�WR�GURXJKW�DQG�IURVW�KHDYLQJ�WKH�¿UVW�\HDU��DV�KDV�
already been stated. On sedimentary soils seedlings have less 
GLI¿FXOW\�H[WUDFWLQJ�ZDWHU�IURP�WKH�VRLO�EHFDXVH�RI�ODUJHU�VRLO�
pores and as a result seedlings grow to a much larger size the 
¿UVW�\HDU��7KHVH�VHHGOLQJV�DUH�PXFK�OHVV�VXVFHSWLEOH�WR�IURVW�
KHDYLQJ��6HHGOLQJV�ZLWK� ODUJHU� WRSV�KHDYH� OHVV� UHDGLO\� WKDQ�
VPDOOHU�WUHHV��6FKUDPP��������,Q�RUGHU�IRU�VXFFHVVIXO�QDWXUDO�
regeneration on these soils, however, the following steps are 
essential:

1. Determine if a potential cone crop can be expected. 
3RQGHURVD�SLQH�FRQHV�GHYHORS�RYHU�WKUHH�\HDUV��7KH�
IHPDOH�ÀRZHUV�IRUP�WKH�¿UVW�VHDVRQ�WKHQ�WKH�IROORZLQJ�
spring they are pollinated and grow to about the size of a 
marble. The following year they are fertilized and grow 
rapidly until they mature in the fall. Thus, it is necessary 
to survey potential regeneration areas the year before 
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Figure 11a. Site of wildfire 
at Jones Mountain, AZ, 
approximately 64 km south 
of Flagstaff, AZ. Picture 
taken prior to tree planting 
in 1960. USFS photo by L. J. 
Heidmann.

Figure 11b. Site 19 years 
later after planting with 
3-rock mulch. Success is 
obvious. USFS photo by L. J. 
Heidmann.

cones mature. Making cone counts using binoculars does 
this.

2. Next, a rodent census needs to be conducted to determine 
if the population of seed eating rodents is high. If it is, 
control measures need to be taken. 

��� The regeneration area needs to be logged a year before 
VHHGIDOO�OHDYLQJ�DW�OHDVW�¿YH�VHHG�EHDULQJ�WUHHV�ZLWK�DQ�
DYHUDJH�GLDPHWHU�RI����FP�����LQFKHV��

4. After seedfall in the fall, run a harrow or disc over the 
site to cover the seed.

5. ([FOXGH�FDWWOH�IRU�WKUHH�WR�¿YH�\HDUV��+HLGPDQQ�DQG�
RWKHUV�������

Thousands of acres of ponderosa pine have been success-
IXOO\�UHJHQHUDWHG�RQ�WKH�$SDFKH�6LWJUHDYHV�1DWLRQDO�)RUHVW��
for example, by following these procedures.
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Figure 12a. Ponderosa pine in the foreground that have been repeatedly browsed by cattle or deer. Trees are the 
same age (38) as the trees in the background. USFS photo by L. J. Heidmann.

Figure 12b. The same site a few years after browsed trees were treated with deer repellents. USFS photo by L. J. 
Heidmann.
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$CUCNV�5QKNU

6RPHWLPHV�XVHIXO�LQIRUPDWLRQ�FDQ�EH�JDWKHUHG�E\�REVHU-
YDWLRQ�DV�ZHOO�DV�IURP�VFLHQWL¿F�H[SHULPHQWDWLRQ��7KH�DXWKRU�
has observed that on areas where slash piles had been burned 
WKDW� ¿UVW� \HDU� SRQGHURVD� SLQH� VHHGOLQJV� ZHUH� VL[� WR� HLJKW�
times as tall as seedlings on unburned areas. The larger seed-
lings have a much greater chance of surviving frost heaving 
because heaving is inversely related to the size of seedling 
WRSV��6FKUDPP��������,W�WKHUHIRUH�DSSHDUV�WKDW�RQ�EDVDOW�VRLOV�
natural regeneration should be successful if the area is logged 
and slash burned before seedfall. However, the same steps 
prescribed for success on sedimentary soils should also be 
taken.

Frost Heaving

Frost heaving has been cited several times in this paper 
as a cause of seedling mortality. I became interested in frost 
KHDYLQJ�P\�¿UVW�\HDU�DW�)RUW�9DOOH\�ZKHQ�,�KHOSHG�0HO�/DUVRQ�
ZLWK� D�¿HOG� VWXG\�KH�ZDV�XVLQJ� IRU� D�PDVWHU¶V� WKHVLV� DW� WKH�
8QLYHUVLW\�RI�:DVKLQJWRQ��/DUVRQ��������7KLV�ZDV�D�VHHGLQJ�
VWXG\�FRQGXFWHG�LQVLGH�D�URGHQW�SURRI�HQFORVXUH�DW�6����DERXW�
six miles southwest of Fort Valley, where seed size and germi-
nation dates were related to survival. Beginning in June and 
throughout the summer, seedlings were watered three times a 
week, even during the rainy season. I took over the study for 
0HO�ZKLOH�KH�ZDV�DZD\�DW�VFKRRO��,Q�HDUO\�2FWREHU�����������
of approximately 1,000 seedlings heaved from the ground 
in one night. By spring of 1958 only a handful of seedlings 
were left. I was impressed by what had happened but did not 
think about frost heaving for a while because I was working 
on other things such as site preparation, planting, and animal 
repellents for controlling browsing by cattle and deer. Then, 
,�UHDG�D�SDSHU�E\�6FKUDPP��������ZKHUH�KH�GHVFULEHG�KHDY-
LQJ� RI� FRQLIHURXV� DQG� GHFLGXRXV� VHHGOLQJ� RQ� FRDO� ¿HOGV� LQ�
3HQQV\OYDQLD��+H�UHSRUWHG�ZK\�YHU\�VPDOO�VHHGOLQJV�KHDYHG�
while seedlings with larger tops did not (true for coniferous 
VSHFLHV��ODUJHU�GHFLGXRXV�VSHFLHV�VXFK�DV�RDN�GLG�KHDYH���7KLV�
SLTXHG�P\�LQWHUHVW�EXW��RQFH�DJDLQ��,�GLG�QRW�WKLQN�DERXW�WKH�
subject until I entered the University of Arizona to work on 
P\� 3K'�� ,� QHHGHG� D� GLVVHUWDWLRQ� VXEMHFW� DQG�� HYHQ� WKRXJK�
my major was plant physiology, I decided to use a study of 
frost heaving for my dissertation. My dissertation director, Dr. 
David Thorud, who studied freezing of soils in Minnesota, 
KHOSHG�PH�LQ�WKLV�GHFLVLRQ��+HLGPDQQ�������

My approach was to do a search of the world’s literature 
UHODWLQJ�WR�IUHH]LQJ�RI�VRLOV�DQG�IURVW�KHDYLQJ��,W�TXLFNO\�EH-
came apparent that no work of a basic nature had been done 
in either forestry or agriculture. The overwhelming body of 
work had been conducted by scientists and engineers attached 
WR�WKH�8QLWHG�6WDWHV�$UP\��&55(/��&ROG�5HJLRQV�5HVHDUFK�
DQG�(QJLQHHULQJ�/DERUDWRU\��+DQRYHU��1HZ�+DPSVKLUH��ZKR�
carried out most of their research in the Arctic, and by high-
ZD\�HQJLQHHUV��,Q�DGGLWLRQ��WKH�5XVVLDQV�ZHUH�GRLQJ�D�JUHDW�
GHDO�RI�UHVHDUFK��+HLGPDQQ�������

Next, I conducted a series of studies in the lab on the heav-
ing characteristics of six soils from northern Arizona using a 
specially constructed freezing apparatus placed into a chest 
IUHH]HU��6HYHUDO�FKHPLFDOV�ZHUH�WHVWHG�IRU�WKHLU�DELOLW\�WR�UH-
strict water movement in the soil to a freezing front or their 
ability to lower the freezing temperature of the soil water 
DQG� WKXV� UHGXFH� KHDYLQJ� VXVFHSWLELOLW\� �+HLGPDQQ� ����E��
+HLGPDQQ�DQG�7KRUXG��������7KH�FKHPLFDOV�ZHUH�DOVR�VWXG-
ied to determine their effect on the germination of ponderosa 
pine seeds. Another major part of the study was to determine 
the effect of soil bulk density on the heaving of the six soils 
�+HLGPDQQ�DQG�7KRUXG�������

7HVWV� ZHUH� DOVR� FRQGXFWHG� LQ� WKH� ¿HOG� LQVLGH� WKH� VDPH�
enclosure used by Larson to study the heaving of wooden 
dowels and small plastic cylinders from the soil using a time 
lapse camera. The results from these studies are contained 
LQ� VL[� SDSHUV� SXEOLVKHG� E\� WKH� 86'$)6� 5RFN\�0RXQWDLQ�
)RUHVW� DQG�5DQJH�([SHULPHQW�6WDWLRQ� DQG� LQ� D� GLVVHUWDWLRQ�
IURP�WKH�8QLYHUVLW\�RI�$UL]RQD��+HLGPDQQ�������

Frost heaving occurs because there is a segregation of soil 
water. Water migrates from lower soil depths to the surface 
ZKHUH� LW� IUHH]HV� LQWR� OHQVHV� RU� SDOLVDGH� OD\HUV� �)LJXUH� �����
+DDVLV� �������GHVFULEHG� IURVW�KHDYLQJ�RQ� WKH�([SHULPHQWDO�
Forest and included sketches but did not explore the basic 
cause. This water movement is a function of soil pore size, 
undercooling of soil water (soil water is at a temperature 
OHVV�WKDQ�IUHH]LQJ���DQG�VRLO�VXUIDFH�WHPSHUDWXUHV�VOLJKWO\�EH-
ORZ�IUHH]LQJ�WHPSHUDWXUH��+HLGPDQQ�������6FKUDPP�������
7DEHU��������������6RLOV�ZLWK�KLJK�VLOW�FRQWHQWV�DUH�VXLWHG�WR�
heaving because the pore size is conducive to lowering the 
freezing point of the soil water that results in a negative pres-
sure causing water to be drawn to the surface where it freezes 
into the lenses described. In order for ice lenses to form it is 
necessary that one gram of water arrive at the freezing zone at 
the surface for each gram of water that freezes. The result is 
that the surface of the soil is moved upward taking the seed-
OLQJ�DORQJ�ZLWK�LW��)LJXUH�����

Basalt soils studied in northern Arizona are high in silt 
FRQWHQW�� RIWHQ� FRQWDLQLQJ� ���� RU� PRUH� �+HLGPDQQ� �������
with the remaining fraction clay and sand. According to 
3HQQHU���������VRLOV�ZLWK�KLJK�VLOW�FRQWHQWV�DUH�LGHDOO\�VXLWHG�
to heaving. Heaving is closely related to soil bulk density. 
Figure 5 clearly shows that for six soils studied in the labora-
tory in northern Arizona, the more the soil was compacted, 
the greater the rate of heaving, even in coarser sandy soils. 
The total water content for soils at minimum, mean, and max-
imum bulk density was the same, which indicates that at the 
minimum bulk density, there is considerable air in the soil 
pores that results in a broken water column restricting water 
ÀRZ�WR�WKH�IUHH]LQJ�IURQW�DW�WKH�VRLO�VXUIDFH��,I�ZDWHU�GRHV�QRW�
arrive at the freezing front as fast as it freezes then the soil 
freezes solid and no lenses are formed.

Methods to Reduce Frost Heaving

6LQFH� IURVW� KHDYLQJ� LV� FORVHO\� FRUUHODWHG� ZLWK� VRLO� EXON�
GHQVLW\��WKH�OHVV�WKH�VRLO�LV�FRPSDFWHG�ZLWK�KHDY\�HTXLSPHQW�
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prior to regeneration efforts the better the chances for success. 
/RRVHQLQJ�WKH�VRLO�E\�GLVNLQJ�SULRU�WR�VHHGIDOO�LV�EHQH¿FLDO��$�
harrow can be drawn over the site to lightly cover the seed af-
WHU�VHHGIDOO��+HLGPDQQ�DQG�RWKHUV��������&HUWDLQ�FKHPLFDOV��
such as ferric chloride, cement soil particles together result-
LQJ�LQ�UHVWULFWHG�ZDWHU�ÀRZ�WR�WKH�IUHH]LQJ�IURQW�DW�WKH�VXUIDFH�
and thus reducing the formation of ice lenses (Heidmann and 
7KRUXG�������

Plant Growth Hormones

3ODQW� JURZWK� KRUPRQHV� SOD\� DQ� LPSRUWDQW� UROH� LQ� WKH�
JURZWK� DQG� GHYHORSPHQW� RI� SODQWV�� 6HYHUDO� H[SHULPHQWV�
with hormones were conducted over the years at Fort Valley. 
6HHGV�ZHUH� WUHDWHG�ZLWK�YDULRXV�KRUPRQHV� LQ�DQ�DWWHPSW� WR�
VSHHG�XS�JHUPLQDWLRQ��5HVXOWV�IURP�WKHVH�H[SHULPHQWV�ZHUH�
LQFRQVLVWHQW��*LEEHUHOOLF�DFLG��*$�����ZDV�IRXQG�WR�LQFUHDVH�
the height of ponderosa pine seedlings when applied as a 
URRW�VRDN��+HLGPDQQ�����D���$�FRPELQDWLRQ�RI�*$�����SOXV�
DGHQRVLQH� WULSKRVSKDWH��$73�� LQFUHDVHG�KHLJKW�JURZWK�QLQH�
times that of untreated seedlings.

$EVFLVLF� DFLG� �$%$�� LV� D� SODQW� JURZWK� KRUPRQH� WKDW�
controls dormancy in plants. Levels build up in the plant 
in response to day length. In the fall, when levels are high, 
growth of seedling tops ceases and a terminal bud is set. In 
the spring, when ABA levels are relatively low, buds break 
dormancy and top growth begins. The level of ABA in plants 
DOVR�WHQGV�WR�ULVH�XQGHU�VWUHVV��(TXLSPHQW�IRU�VWXG\LQJ�KRU-
PRQH� OHYHOV� LQ�SODQWV� LV�YHU\�H[SHQVLYH�� ,Q������ZH�IRXQG�
WKDW�KRUPRQH�OHYHOV�FRXOG�EH�TXDQWL¿HG�E\�XVLQJ�PRQRFORQDO�
antibodies, a much less expensive process. We used this pro-
cedure to study ABA levels in stressed ponderosa pine in the 
greenhouse. Levels of ABA were six times higher in stressed 
seedlings after a ten week drought than in well watered seed-
OLQJV��+HLGPDQQ�DQG�+XQWVEHUJHU�������XQSXEOLVKHG��

Dwarf Mistletoe

Dwarf mistletoe (Arceuthobium vaginatum f. cryptopo-
dum� �(QJHOPDQQ�� *LOO��� LV� WKH�PRVW� GHVWUXFWLYH� GLVHDVH� RI�

Figure 13. Example of frost action on 
basalt soil at Unit S-3 (Wing Mountain, 
AZ) during one night. This is an 
example of a ‘palisade’ layer of ice. 
Careful examination reveals extruded 
plant material on the surface.

Figure 14. A ponderosa pine seedling that has heaved from a 
basalt soil. The seedling is at least two years old because of 
the presence of needle fascicles.
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SRQGHURVD�SLQH�LQ�WKH�6RXWKZHVW��+DZNVZRUWK��������,Q�WKH�
����V�LW�ZDV�HVWLPDWHG�WKDW�����PLOOLRQ�DFUHV�RI�WKH�����PLOOLRQ�
acres of commercial ponderosa pine southwestern timberland 
were infected. The disease had been studied for many years 
but it was not until 1950 that a large pilot plant study was 
initiated to determine if the parasite could be controlled by 
silvicultural methods. Complete control was compared to lim-
LWHG�FRQWURO�DQG�OLJKW�³,PSURYHPHQW�6HOHFWLRQ�´�$IWHU�VHYHUDO�
treatments, it was determined that in order to control dwarf 
mistletoe by cutting, it was necessary to almost eliminate the 
HQWLUH� RYHUVWRU\� �+HLGPDQQ� ����E�� ����E��� 7KH�PLVWOHWRH��
however, is very slow growing and takes many years to kill 
host trees. For a comprehensive study of dwarf mistletoe in 
WKH�6RXWKZHVW��WKH�UHDGHU�LV�UHIHUUHG�WR�+DZNVZRUWK��������

Summary

The humble beginnings at Fort Valley in 1908 eventually 
OHG�WR�WKH�HVWDEOLVKPHQW�RI�WKH�)RUHVW�DQG�5DQJH�([SHULPHQW�
6WDWLRQ�V\VWHP�WKURXJKRXW�WKH�8QLWHG�6WDWHV��0DQ\�VFLHQWLVWV�
KDYH�ZRUNHG�DW�)RUW�9DOOH\�LQ�WKH�ODVW�����\HDUV��7KHLU�¿QG-
LQJV� DUH� QRW� RQO\� DSSOLFDEOH� WR�$UL]RQD� DQG� WKH� 6RXWKZHVW�
but around the country as a whole. In many instances scien-
WLVWV�DURXQG�WKH�ZRUOG�KDYH�H[SUHVVHG�LQWHUHVW�LQ�RXU�¿QGLQJV��
Drought and frost heaving are problems in most forested areas 
of the world. This paper has not discussed insects and dis-
HDVH��H[FHSW�IRU�GZDUI�PLVWOHWRH�EULHÀ\��7KHVH�DUH�SUREOHPV�
of a global nature. One of our scientists, Frank Hawksworth, 
had a worldwide reputation as a mistletoe expert and Dick 
7LQXV�ZDV� HTXDOO\�ZHOO�NQRZQ� IRU�GHYHORSLQJ�PHWKRGV� IRU�
raising container trees in greenhouses (Tinus and McDonald 
�������:KR�NQRZV�ZKDW�WKH�QH[W�����\HDUV�ZLOO�\LHOG�LQ�WKH�
¿HOG�RI�IRUHVW�UHVHDUFK"
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Introduction

6LQFH� LWV� LQFHSWLRQ� LQ� ������ )RUW� 9DOOH\� ([SHULPHQWDO�
Forest has been the site of many research projects, mostly 
dealing with the ecology, silvics, and regeneration of ponder-
osa pine (Pinus ponderosa���)LUH�ZDV�YLHZHG�DV�D�GDPDJLQJ�
agent, to be dealt with only after the fact, and guides were 
GHYHORSHG� WR� VDOYDJH� IRUHVWV� GDPDJHG� E\� ¿UH� �*DLQHV� DQG�
6KDZ�������

It seems strange that early research never fully realized the 
FULWLFDO� UROH� WKDW�¿UH�SOD\HG� LQ�PDQ\�HFRV\VWHPV�� LQFOXGLQJ�
long needled pines, notably ponderosa pine. Early research-
HUV�FRXOG�KDUGO\�KDYH�PLVVHG�WKH�QXPHURXV�¿UH�VFDUV�RQ�WKH�
ROG�JURZWK�\HOORZ�SLQHV��7KH\�PD\�KDYH�EHHQ�LQÀXHQFHG�E\�
the prevailing view at the time—that trees were primarily for 
forest products and any injury reduced product value. In fact, 
the primary role of the forest manager was to perpetuate the 
species for the purpose of forest products by improving re-
generation and growth rates, while utilizing overmature trees 
ZLWK� ORZ� SURGXFWLYLW\�� 7KXV�� ¿UH� ZDV� FRQVLGHUHG� D� WKUHDW�
resulting in product damage or even mortality. They accom-
SOLVKHG�WKHLU�JRDO�RI�SUHYHQWLQJ�¿UH�IURP�GDPDJLQJ�YDOXDEOH�
trees through pre-suppression measures including slash fuel 
reduction.

(YHQ�LQ� WKH�HDUO\�����V�IRUHVW�PDQDJHUV�GLG�QRW�GLVFXVV�
SUHVFULEHG�¿UH�DV�DQ�RSWLRQ�ODUJHO\�GXH�WR�WKH�FKDU�SURGXFHG�
on boles destined for pulp production. Fire was used only 
in the form of slash pile burning. This standard treatment of 
fuels was done in the winter months to further minimize the 
ULVN�WR�WUHHV��XVLQJ�WKH�VQRZ�WR�NHHS�¿UHV�IURP�UXQQLQJ�EH-
yond the piles through the woods willy-nilly.

In: 2OEHUGLQJ��6XVDQ�'���DQG�0RRUH��0DUJDUHW�0���WHFK�FRRUGV��������)RUW�9DOOH\�([SHULPHQWDO�)RUHVW²$�&HQWXU\�RI�5HVHDUFK������������
3URFHHGLQJV�5056�3�����)RUW�&ROOLQV��&2��8�6��'HSDUWPHQW�RI�$JULFXOWXUH��)RUHVW�6HUYLFH��5RFN\�0RXQWDLQ�5HVHDUFK�6WDWLRQ������S�

,Q�������-DFN�'LHWHULFK�UHWXUQHG�WR�WKH�8�6��)RUHVW�6HUYLFH�
)LUH� 5HVHDUFK� FRPPXQLW\� IURP� D� WRXU� LQ� WKH� 3HDFH� &RUSV��
8SRQ�KLV�UHWXUQ��KH�ZDV�DVNHG�WR�KHDG�XS�D�QHZ�¿UH�UHVHDUFK�
XQLW� IRU� WKH�5RFN\�0RXQWDLQ�)RUHVW� DQG�5DQJH�([SHULPHQW�
6WDWLRQ�� ,� �6DFNHWW��ZRUNHG� IRU� -DFN� DW� WKH� 6RXWKHUQ� )RUHVW�
)LUH�/DERUDWRU\� LQ�0DFRQ��*HRUJLD�� LQ� WKH� ODWH�����V��SULRU�
WR�-DFN¶V�VHUYLFH�LQ�WKH�3HDFH�&RUSV��)RU�UHDVRQV�RI�HI¿FLHQ-
F\�� WKH� QHZ� ¿UH� UHVHDUFK� XQLW� VKRXOG� KDYH� EHHQ� ORFDWHG� LQ�
Flagstaff, Arizona. However, the decision-makers at the time 
FKRVH�WR�HVWDEOLVK�WKH�XQLW�DW�WKH�)RUHVWU\�6FLHQFHV�/DERUDWRU\�
RQ�WKH�FDPSXV�RI�$UL]RQD�6WDWH�8QLYHUVLW\�LQ�7HPSH��$UL]RQD�

7KH�¿UVW�HIIRUW�WR�H[SORUH�SRWHQWLDO�¿UH�FRQGLWLRQV�DFURVV�
the southwest region was to extensively survey the surface 
DQG� JURXQG� IXHO� ORDGLQJV� LQ� XQKDUYHVWHG� SRQGHURVD� SLQH�
$UL]RQD�IHVFXH�HFRV\VWHP��6RPH�PL[HG�FRQLIHU�VWDQGV�ZHUH�
also included in this survey but the focus was on natural fuels 
of the southwestern ponderosa pine forest—the largest ex-
SDQVH�RI�LWV�NLQG�LQ�WKH�ZRUOG��6DFNHWW�������

7KH� UHVXOWV� RI� WKDW�¿UVW� IXHO� ORDG� VXUYH\�ZHUH� TXLWH� H\H�
opening to many forest managers. Until then, when managers 
ORRNHG�DW�¿UH�KD]DUG�LQ�WKH�SRQGHURVD�IRUHVWV��WKHLU�IRFXV�ZDV�
mainly the slash problem. The survey results revealed that, 
in fact, there was a serious natural fuel hazard even without 
WKH� VODVK� �6DFNHWW� ������6DFNHWW� DQG�+DDVH�������ZLWK� WKH�
SRWHQWLDO�IRU�H[WUHPH�ZLOG¿UH�EHKDYLRU�DQG�KLJK�VHYHULW\�¿UH�
effects.

Four plots of the natural fuel survey were located on the 
)RUW� 9DOOH\� ([SHULPHQWDO� )RUHVW� �)9()�� DQG� /RQJ�9DOOH\�
([SHULPHQWDO� )RUHVW� �/9()��� 7KH� UHVXOWV� RI� WKH� VXUYH\�
VKRZHG� WRWDO� IRUHVW� ÀRRU� IXHOV� OHVV� WKDQ� ��LQFK� GLDPHWHU�
UDQJHG�IURP�����������WRQV�SHU�DFUH��7KH�PHDQ�RI�WKH����SORWV�

Fire and Fuels Research at Fort Valley and Long Valley 
Experimental Forests

Stephen S. Sackett (ret.) and Sally M. Haase, Research Foresters, USDA 
(QTGUV�5GTXKEG��2CEKğE�5QWVJYGUV�4GUGCTEJ�5VCVKQP��4KXGTUKFG��%#

Abstract—Fire research began on the Fort Valley and Long Valley Experimental Forests in the 
mid 1970s. The U.S. Forest Service and other agencies in the Southwest (BIA and state) had 
been utilizing prescribed fire to reduce piled hazardous fuels from harvesting. Most managers 
had not viewed the use of prescribed fire to reduce natural fuels on a broad scale positively. 
The use of rotational prescribed burning has been investigated for over 30 years to determine 
the long-term effects of the reintroduction of this natural event. This paper summarizes the 
events that led up to the establishment of this long-term research project and general findings 
resulting from this work.
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covering the southwestern range of ponderosa pine was ap-
proximately 12.5 tons per acre. The experimental forest plots 
averaged 2.2 tons per acre heavier.

After surveying the fuels over the entire range of south-
west ponderosa pine, it became evident to us why current day 
ZLOG¿UHV�LQ�WKH�UHJLRQ�ZHUH�VWDQG�FRQVXPLQJ�LQ�QDWXUH��2XW�
RI� WKDW� HYLGHQFH��TXHVWLRQV� DURVH��$�NH\�TXHVWLRQ�ZDV�KRZ�
these forests could have survived and actually thrived for so 
ORQJ�KLVWRULFDOO\�LI�QDWXUDOO\�LJQLWHG�¿UHV��OLJKWQLQJ��GHVWUR\HG�
entire sections of the landscape. We know that yellow pines 
alive today on FVEF plots were seedlings well before the dis-
FRYHU\�RI�$PHULFD��6XSSRUWLQJ�WKLV�WKHRU\�LV�WKH�IDFW�WKDW�WKH�
¿UVW�¿UH�VFDUH�UHFRUGHG�RQ�RQH�RI�WKH�WUHHV�HYDOXDWHG�DW�)9()�
RFFXUUHG�LQ������$�'���'LHWHULFK�����E���6XEVHTXHQWO\��KRZ�
FRXOG�WKHVH�IRUHVWV�VXUYLYH�ZLWK�WKH�UHPRYDO�RI�¿UH��LI�WKLV�H[-
WUHPHO\�ÀDPPDEOH�HFRV\VWHP�KDG�UHFHLYHG�UHJXODU�H[SRVXUH�
WR�ZLOG¿UH�LQ�WKH�SDVW"

Jack Dieterich set out to determine the actual historical 
RFFXUUHQFH�RI�QDWXUDO�¿UH�LQ�SRQGHURVD�SLQH²D�WRSLF�VRUHO\�
overlooked by researchers investigating ponderosa pine, es-
SHFLDOO\� LQ� WKH� 6RXWKZHVW�� +H� FROOHFWHG� KLV� LQLWLDO� VDPSOHV�
along the eastern edge of the FVEF at an area we now know 
DV�&KLPQH\�6SULQJ��+LV�VDPSOH�WUHHV�GDWHG�EDFN�WR�WKH�����V�
DQG�¿UH� VFDUV� LQ� WKH� WUHH� ULQJV� WKHPVHOYHV�ZHUH� QXPHURXV��
7KH� QDWXUDO� ¿UH�UHWXUQ� LQWHUYDO�ZDV� DV� VKRUW� DV� ����� \HDUV��
2YHU�WKH�HQWLUH�VSDQ�RI�WLPH�������������WKH�DYHUDJH�LQWHU-
YDO� EHWZHHQ�¿UHV� DW�&KLPQH\�6SULQJ�ZDV�����\HDUV�� -DFN¶V�
UHVHDUFK� FOHDUO\� GHPRQVWUDWHG� WKDW� ¿UH� SOD\HG� D� GRPLQDQW�
role in the life of ponderosa pine prior to the Euro-American 
VHWWOHPHQW�RI�WKH�6RXWKZHVW�

Based on our survey, observations and experience in the 
VRXWKHUQ�VSHFLHV�RI�\HOORZ�SLQH��OREOROO\�DQG�ORQJ�OHDI�SLQHV��
ZKHUH�SUHVFULEHG�¿UH�KDV�EHHQ�FRPPRQ�SUDFWLFH�IRU�GHFDGHV��
-DFN�DQG�,��6DFNHWW��GHWHUPLQHG�WKDW�QDWXUDO�¿UHV�ZHUH�FULWL-
cal in maintaining the balance in ponderosa pine. With the 
FRPELQDWLRQ� RI� UHFHQW� ¿UH� DEVHQFH� DQG� KLJK� IXHO� KD]DUG��
the obvious management direction would be to replace the 
HOHPHQW��¿UH��WKDW�KDG�EHHQ�UHPRYHG�IURP�WKH�V\VWHP�DV�KX-
man settlement interrupted the natural process of the forest. 
It seemed clear that prescribed burning should be a primary 
option for protecting ponderosa pine forests from devastating 
ZLOG¿UH��7R� WHVW� WKLV�� DQ� DPELWLRXV� SUHVFULEHG� ¿UH� UHVHDUFK�
project was planned.

%HIRUH�DQ\WKLQJ�FRXOG�EH�GRQH�WR�VHW�XS�WKLV�SUHVFULEHG�¿UH�
VWXG\��ZH�¿UVW�KDG�WR�GHFLGH�ZKHUH�LW�FRXOG�EH�HVWDEOLVKHG�LQ�D�
research context and how it would happen. Flagstaff was the 
obvious choice since there was an experimental forest there—
)RUW�9DOOH\��7R�EHJLQ�H[SORULQJ�RXU�RSWLRQV�ZH�¿UVW�QHHGHG�WR�
talk with someone familiar with the area. That someone was 
*LO�6FKXEHUW��³0U��3RQGHURVD�3LQH�´�*LO�ZDV�WKH�OHDGHU�RI�WKH�
5RFN\�0RXQWDLQ�6WDWLRQ�DW�WKH�)RUHVWU\�6FLHQFHV�/DERUDWRU\�
silvicultural research unit in Flagstaff. In addition, he was in 
charge of Fort Valley. Like many silviculturalists at the time, 
*LO�ZDV�QRW�WRR�VXSSRUWLYH�RI�SUHVFULEHG�¿UH�RU�¿UH�UHVHDUFK��
:LOG¿UH�ZDV�WR�EH�IRXJKW�DQG�SURWHFWHG�DJDLQVW��3UHVFULEHG�
¿UH�ZDV�WR�EH�DYRLGHG��-DFN¶V�VLOYHU�WRQJXH�¿QDOO\�SHUVXDGHG�
*LO�WR�OHW�XV�ORRN�DURXQG�IRU�D�VLWH�

2XU�RSWLRQV� IRU� UHVHDUFK�SORWV�ZHUH�TXLWH� OLPLWHG�GXH� WR�
the number of historic studies and ones in process located 
WKURXJKRXW�PRVW�RI�WKH�H[SHULPHQWDO�IRUHVW��:H�¿QDOO\�IRXQG�
a site adjacent to the Coconino National Forest on the eastern 
ERXQGDU\�RI�)9()��$FFRUGLQJ�WR�*LO��QRWKLQJ�KDG�KDSSHQHG�
WR�WKH�VLWH�LQ�WKH�KLVWRU\�RI�)9()��-DFN�DQG�,��6DFNHWW��DJUHHG�
WR�WDNH�LW��&KLPQH\�6SULQJ�ZDV�WKH�FORVHVW�ODQGPDUN��KHQFH��
ZH�FDOOHG�RXU�DUHD�&KLPQH\�6SULQJ�3UHVFULEHG�)LUH�5HVHDUFK�
Area.

,Q� ������ &KLPQH\� 6SULQJ�ZDV� GLYLGHG� LQWR� WZHQW\�QLQH�
����DFUH� ���KHFWDUH��VTXDUH�SORWV��7ZHQW\�RQH�UDQGRPO\�VH-
lected plots had a 1-, 2-, 4-, 6-, 8-, or 10-year burning rotation 
RU�QR�EXUQLQJ� �FRQWURO��DVVLJQHG� WKUHH� WLPHV� �WKUHH� UHSOLFD-
WLRQV�SHU�WUHDWPHQW���7KH�UHPDLQLQJ�HLJKW�SORWV�ZHUH�VHW�DVLGH�
for future studies. The primary research goal was to deter-
PLQH�KRZ�RIWHQ�LW�ZDV�DSSURSULDWH�WR�DSSO\�SUHVFULEHG�¿UH�LQ�
RUGHU�WR�NHHS�WKH�IRUHVW�UHODWLYHO\�VDIH�IURP�VHYHUH�ZLOG¿UH�
ZKLOH�DVVHVVLQJ�FROODWHUDO�¿UH�LPSDFWV��)URP�SUHYLRXV�ZRUN��
-DFN� DQG� ,� NQHZ� WKDW� D� VLQJOH� EXUQ�ZRXOG�QRW� EH� DGHTXDWH�
for continuous protection. In fact, a single burn can cause an 
increase in fuel for the period following the initial burn in the 
form of scorched crowns, increase of dead stems, and such.

Our research staff took many before-burn measurements 
in cooperation with folks at the Northern Arizona University 
6FKRRO� RI� )RUHVWU\�� 9HJHWDWLRQ� WUDQVHFWV� ZHUH� HVWDEOLVKHG�
by Dr. Lee Fitzhugh, wildlife professor, and runoff studies 
were conducted by Dr. Charles Avery. We contracted with 
NAU forestry students to survey overstory conditions while 
our technicians sampled fuel conditions. In hindsight, it may 
have been wise to wait another year to study and accumulate 
more and better pre-burn variables, but at the time, we chose 
WR�SURFHHG�ZLWK�WKH�GDWD�ZH�KDG�DFFXPXODWHG�GXULQJ�WKDW�¿UVW�
summer.

7KH�VXPPHU�RI������ZDV�YHU\�GU\��:H�SRVWSRQHG�WKH�LQL-
tial burn a number of times. We consulted regularly with the 
Coconino National Forest staff to keep informed of condi-
tions in order to select the appropriate and safe time to burn, 
avoiding burning under severe and potentially dangerous con-
ditions. Our delays lasted into late fall and we realized that 
VRPHWKLQJ�KDG� WR�EH�GRQH��%LOO�%XFN��)LUH�6WDII�2I¿FHU� IRU�
the Coconino, suggested we might try to burn under cooler 
conditions at night and so we did. Using all the overhead of 
the Coconino National Forest and our technicians, we began 
LJQLWLRQ�DW�&KLPQH\�6SULQJ�WKH�HYHQLQJ�RI�1RYHPEHU���������

The valley-slip air movement had already started moving 
GRZQ� WKH�6DQ�)UDQFLVFR�3HDNV�� VR�ZH�FDUHIXOO\� VWDUWHG� DS-
SO\LQJ�¿UH�DW�WKH�ERWWRP��VRXWK�HQG��RI�WKH�SORWV�DQG�ZRUNHG�
our way toward the top. We all had plenty to do to get all of 
WKH� EXUQ� SORWV� FRPSOHWHO\� LJQLWHG�� NHHSLQJ� WKH�¿UH�PRYLQJ�
without accidentally igniting the controls, and keeping the 
¿UH�ZLWKLQ� WKH� VWXG\�ERXQGDULHV��)RU� WKHVH� UHDVRQV��QR�RQH�
had much time to photograph the event. There was, however, 
D� \RXQJ� SURIHVVRU� DW� 1RUWKHUQ�$UL]RQD� 8QLYHUVLW\� �1$8��
who had an interest in what we were doing. Wally Covington 
was “savvy” enough to take some pictures of this historic and 
hectic event. Once the plots were ignited, they were left to 
burn all evening. In fact, they burned for the next two days.
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)RUHVW�ÀRRU�IXHO�ORDGLQJV�ZHUH�KHDY\�RQ�WKHVH�SORWV�VLQFH�
QR�SUHYLRXV�GLVWXUEDQFH�RU�¿UH�KDG�EHHQ�QRWHG�VLQFH�����²
���� \HDUV� SUHYLRXV� �'LHWHULFK� ����D��� 'XULQJ� RXU� LQLWLDO�
SUHVFULEHG�¿UH������RI�WKH�DUHD�FRQVXPHG�����RI�WKH�ZHLJKW�
of the fuel. Heavy scorching of “doghair” or sapling thickets 
took place as well as exposing of mineral soil in many places 
especially around large, mature yellow pines.

&KLPQH\�6SULQJ� LV� ORFDWHG� MXVW�XQGHU� WKH�6DQ�)UDQFLVFR�
3HDNV�PDNLQJ�WKH�VRLOV�EDVDOW�LQ�QDWXUH��6LQFH�VRXWKZHVW�SRQ-
derosa pine also grows on sedimentary soils, we thought it 
LPSRUWDQW�� HVSHFLDOO\� IRU� ¿UH� HIIHFWV� UHVHDUFK�� WR� LQFOXGH� D�
comparison study on sandy soils.

Fortunately for us, there was the Long Valley Experimental 
)RUHVW��/9()���$IWHU�FKHFNLQJ�DJDLQ�ZLWK�*LO�6FKXEHUW��ZH�
GXSOLFDWHG�WKH�SUHVFULEHG�¿UH�URWDWLRQ�VWXG\�DW�/9()��ZKLFK�
LV� WKH� /LPHVWRQH� )ODWV� 3UHVFULEHG� )LUH� 5HVHDUFK�$UHD��:H�
PRGL¿HG� VRPH� RI� RXU� VDPSOLQJ� WHFKQLTXHV� EDVHG� RQ� ZKDW�
ZH�OHDUQHG�IURP�RXU�H[SHULHQFHV�DW�&KLPQH\�6SULQJ�EXW�WKH�
overall study design remained similar.

Long Valley was somewhat different from Fort Valley in 
ways other than soil type. Long Valley was not a “virgin” 
VWDQG� OLNH�&KLPQH\�6SULQJ��7KH� DSSOLFDWLRQ�RI� D� VDQLWDWLRQ�
cut over the area in the late 1960s during a wet March cre-
ated some mechanical disturbances to the soil. In contrast to 
&KLPQH\�6SULQJ��/LPHVWRQH�)ODWV�� DV�ZH� UHIHU� WR� LW��ZDV� D�
more open stand, much like other parts of the vast ponderosa 
SLQH�VWDQGV�DORQJ�WKH�0RJROORQ�5LP��7KH�ODVW�UHFRUGHG�QDWX-
UDO�¿UH�RFFXUUHQFH�ZDV�LQ�������WZHQW\�WZR�\HDUV�ODWHU�WKDQ�
DW�WKH�&KLPQH\�6SULQJ�VLWH��'LHWHULFK�����E��

8QOLNH� WKH� VXPPHU�RI� ������ �����KDG� DQ� DEXQGDQFH�RI�
moisture during the monsoon season, so burning was not 
“all consuming” like the burning in the previous year. The 
LJQLWLRQ�LQ������RFFXUUHG�RYHU�D�WZR�GD\�SHULRG��2FWREHU����
����ZKLFK�ZDV�DOPRVW�DV�ODWH�DV�WKH�RULJLQDO�&KLPQH\�6SULQJ�
burn.

)RUHVW�ÀRRU�IXHOV��WKH�KHDUW�RI�WKH�HQHUJ\�V\VWHP�RI�ZLOG-
ODQG�¿UH��DUH�FRPPRQO\�GH¿QHG�DV�HLWKHU�¿QH�� OLJKW� IXHOV�RU�
heavier woody fuels. Fine fuels consist of needles and small 
twigs while heavier fuels are generally branch wood, tree 
EROHV�� VWXPSV��HWF��7KH� UHDO�KHDUW�RI� WKH�¿UH� OLHV� LQ� WKH�FRQ-
VXPSWLRQ�RI�WKH�¿QH��QHZ�QHHGOHV�DQG�VPDOO�WZLJV�WKDW�PDNH�
XS�WKH�YHUWLFDO�ÀDPHV�RU�¿UH�LQWHQVLW\�SRUWLRQ�RI�WKH�PDWHULDO��
The older, decomposed needles, twigs, cones, etc. result in the 
¿UH� VHYHULW\� DQG�DUH� DVVRFLDWHG�ZLWK�JORZLQJ�FRPEXVWLRQ�RI�
WKH�WRWDO�ZLOG¿UH�SKHQRPHQRQ��+DUULQJWRQ�DQG�6DFNHWW�������
6DFNHWW�DQG�+DDVH��������7RWDO�IXHO�ORDGLQJ�DW�ERWK�VLWHV�ZDV�
TXLWH�GLIIHUHQW�DW�WKH�VWDUW�RI�WKH�VWXGLHV��&KLPQH\�6SULQJ�KDG�
DOPRVW����WRQV�SHU�DFUH�ZKHUH�DV�/LPHVWRQH�)ODWV�KDG�DERXW�
���WRQV�SHU�DFUH��6DFNHWW�������6DFNHWW�DQG�+DDVH��������)LQH�
fuels, which most affect what happens to a site, were virtu-
DOO\� LGHQWLFDO²���� WRQV�SHU� DFUH��7KH�¿UVW�&KLPQH\�6SULQJ�
¿UH�HOLPLQDWHG�����RI�DOO�IXHOV�RQ�WKH�VLWH�ZKHUHDV�WKH�ZHWWHU�
VHDVRQ�¿UH�DW�/LPHVWRQH�)ODWV�HOLPLQDWHG�RQO\�����

In any case, the initial burns at both locations set in motion 
WKH�UHWXUQ�RI�¿UH�WR�DQ�HQYLURQPHQW�WKDW�KDG�EHHQ�ZLWKRXW�WKH�
EHQH¿W�RI�D�YDOXDEOH�QDWXUDO�SKHQRPHQRQ�IRU��������\HDUV��
7KH�DEVHQFH�RI�¿UH��GXULQJ�WKH�SHULRG�ZKHQ�¿UH�VXSSUHVVLRQ�

was the rule, created problems in the ponderosa pine eco-
system that we are still trying to understand. Once seen as a 
grassland with scattered trees, the southwest ponderosa pine 
forest has turned into a system of very old trees and “never 
before seen” stands of millions upon millions of stagnated 
and unhealthy trees that were started in two good seed years 
LQ�WKH�HDUO\�����V��6DFNHWW�DQG�RWKHUV�����������D�E��

5HVWRULQJ�¿UH�DQG�VWXG\LQJ� LWV�HIIHFWV�KDV�EHHQ�DQG�ZLOO�
FRQWLQXH� WR� EH� WKH� JRDO� RI� ¿UH� UHVHDUFK� DW� WKH� )RUW�9DOOH\�
and Long Valley Experimental Forests. The initial burns of 
����� DQG������EHJDQ� WKH� UHVHDUFK� VWXG\� WKDW� H[LVWV� WR� WKLV�
GD\��.QRZLQJ� WKDW� D� VLQJOH� EXUQ�ZDV� LQDGHTXDWH� LQ� KDYLQJ�
a “naturalizing effect” on any facet of the environment, our 
VWXG\�VRXJKW�WR�ORRN�DW�WKH�HIIHFWV�RI�¿UH�UHLQWURGXFHG�RQ�D�
UHFXUULQJ�EDVLV��3ORWV�ZHUH�DVVLJQHG�GLIIHUHQW�EXUQ�LQWHUYDOV�
ranging from annual to 10-year rotations. To date, the annual 
SORWV�KDYH�KDG�¿UH�DSSOLHG����WLPHV��ZKLFK�LV�TXLWH�D�IHDW��$V�
previously stated, the original hypothesis was to determine 
the burn interval that would “protect” a ponderosa pine for-
HVW� IURP� VHYHUH�ZLOG¿UH� GDPDJH��7KLV� LV� GLI¿FXOW� WR� SURYH�
or even to test, but we can make inferences from the study 
data on fuels, crown height from ground, and other variables 
FRPPRQ�WR�ZLOG¿UH�EHKDYLRU��)LJXUH���GHPRQVWUDWHV�EHIRUH��
and after-treatment stand changes over a 20-year period at the 
FVEF site. Figure 2 shows changes in stand structure after a 
20-year period at the LVEF.

More importantly, these two study sites give us valuable 
LQIRUPDWLRQ�DERXW�WKH�HIIHFWV�RI�¿UH�DVVRFLDWHG�ZLWK�UHLQVWDOO-
LQJ�WKH�¿UH�DV�D�QDWXUDO�SKHQRPHQRQ�LQ� WKH�SRQGHURVD�SLQH�
forests. What does burning do to the soil? What are the ef-
IHFWV�RQ�YHJHWDWLRQ�FRPSRVLWLRQ�DQG�JURZWK"�:KDW�GRHV�¿UH�
do to soil moisture? We and other cooperators have been 
VWXG\LQJ� WKHVH�DQG�RWKHU�TXHVWLRQV�GXULQJ� WKH�\HDUV�RI� WKLV�
ongoing research.

%ULQJLQJ�¿UH�EDFN�LQWR�D�KHDYLO\�¿UH�GRPLQDWHG�HFRV\V-
tem after so many years of exclusion creates situations that 
DUH� FRPSOHWHO\� XQSUHGLFWDEOH�� 6RPH� UHVSRQVHV� PDNH� SHU-
fect sense after a little thought. One such example was our 
DWWHPSW�WR�XQGHUVWDQG�DQ�XQH[SHFWHG��\HW�VLJQL¿FDQW�QHJD-
tive impact of the prescribed burns: the mortality of large 
QXPEHUV�RI�WKH�\HOORZ�SLQH�IROORZLQJ�WKH�¿UVW�HQWU\�EXUQV��
:KHQ�VRPH�PDQDJHUV� LQ�QRQ�¿UH�GLVFLSOLQHV�YLHZ�WKLV� UH-
sult, any further discussion of using prescribed burning is 
almost shutdown.

As previously mentioned, there are two types of forest 
ÀRRU�IXHOV�DVVRFLDWHG�ZLWK�KRZ�¿UH�EHKDYHV��)LUVW�LV�WKH�¿QH��
OLJKW��UHODWLYHO\�QHZ�QHHGOH�IXHOV�WKDW�DIIHFW�¿UH�LQWHQVLW\��7KH�
VHFRQG��¿UH�VHYHULW\�IXHOV��FRQVLVW�RI�GHFRPSRVHG�GHQVH�IXHOV�
below the top layers that burn more with glowing combus-
WLRQ�WKDQ�ZLWK�ÀDPLQJ�FRPEXVWLRQ��6RXWKZHVW�SRQGHURVD�SLQH�
IRUHVWV�DUH�YHU\�GU\�V\VWHPV��'HVHUW�RU�GU\�SLQRQ�MXQLSHU�HFR-
systems surround our vast stands of ponderosa pine. Due to 
the dryness of our forests, decomposition manifests itself ex-
WUHPHO\�VORZO\��UHVXOWLQJ�LQ�KHDY\�IRUHVW�ÀRRU�DFFXPXODWLRQV��
7KHVH�IDFWRUV�FDXVH�XV�WR�IRFXV�RQ�WKH�ÀDPLQJ�IURQW�RI�D�¿UH�
and to ignore the glowing combustion that takes over after the 
IURQWDO�SDVVDJH�RI�D�¿UH�
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Figure 1. Stand changes on a 4-year burn rotation treatment plot at Chimney Spring research area are shown by 
comparing photo (a) that was taken prior to the burn treatment in 1976 and photo (b) that was taken in 2002.

a

b
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Figure 2. Example of stand changes on a 4-year burn rotation treatment plot at Limestone Flats research area. 
Compare photo (a) taken prior to the burn treatment in 1977 to photo (b) that was taken in 2002.

a

b
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Old yellow pines tend to accumulate large amounts of 
fuel around their bases resulting in tremendous amounts of 
potential energy that lies dormant until glowing combus-
tion ignites it. During one of our burns, we began digging 
around the base of an old yellow pine. Inadvertently, we 
struck a root while using a tool. As the root split open, ex-
posing the suberized layer, steam escaped. We exclaimed, 
³2K�\HV�� LW� LV� KRW� GRZQ� WKHUH�´�7KLV� H[SHULHQFH� OHG�XV� WR�
conclude that real, yet not obvious damage can occur in the 
soil when there is no apparent damage in the crown or on 
the bole of the tree.

The greatest unnatural and problematic portion of these 
untreated ecosystems is the extremely heavy fuel loads 
around the bases of mature yellow pines. After-the-fact mea-
surements indicate unusually high fuel loadings, ranging 
IURP����WR�����WRQV�SHU�DFUH�HTXLYDOHQW�ULJKW�DW�WKH�EDVH�RI�
individual trees. The range of fuel loads under the tree cano-
S\�UDQJH�IURP����WR�����WRQV�SHU�DFUH�HTXLYDOHQW��7KHVH�IXHO�
load conditions demonstrate the need for mitigating measures 
if large, old trees are to remain a part of the system.

Our original premise with regard to mortality of these 
veteran trees was that the root systems were affected by soil 
KHDWLQJ��¿UH�VHYHULW\��ZKLOH�WKH�KHDWLQJ�DW�WKH�EROH�RI�WKH�WUHH�
was conducted through the bark into the cambium, the living 
cells of the tree. Loss of roots and girdling of the bole are 
³VXUH�¿UH´�ZD\V�WR�LQFUHDVH�WUHH�PRUWDOLW\��,I��DV�ZH�VXUPLVHG��
one could eliminate one of the two problems, the tree might 
VXUYLYH�WKH�XQQDWXUDOO\�H[WUHPH�KHDW�ÀX[�RI�D�¿UVW�HQWU\�EXUQ��

Figure 3. Soil and cambium temperatures being measured during a prescribed fire at Limestone Flats research area 
where the forest floor material has been removed around the base of the tree.

We felt that the easiest solution would be to eliminate the fuel 
from around the base of these prized mature trees. In fact, 
our studies at FVEF and LVEF showed us that taking away 
WKH�IRUHVW�ÀRRU�IXHOV�DURXQG�WKH�EDVH�RI�³VDYHU´�WUHHV�FRXOG�
HOLPLQDWH�WKH�KHDW�ÀX[�RQ�WKH�EROHV��7KLV�SURFHVV��DOWKRXJK�
TXLWH� ODERU� LQWHQVLYH�� LV�JUHDWO\�HQKDQFHG�ZLWK� WKH�XVH�RI�D�
backpack leaf blower. Not only does the blower eliminate the 
IRUHVW�ÀRRU��LW�VFDWWHUV�LW�RXW�DZD\�IURP�WKH�KHDYLHVW�IXHO�DF-
cumulations close to the boles.

The research on old-growth tree mortality started at that 
PRPHQW��6DFNHWW�DQG�+DDVH��������������6LQFH�WKHQ��VRLO�DQG�
cambium temperatures have been measured on more than 
���� LQGLYLGXDO� WUHHV� LQ�5HJLRQV��� DQG����6RLO� WHPSHUDWXUHV�
DUH�PHDVXUHG�DW� VL[�GHSWKV�GRZQ� WR� DW� OHDVW���� LQFKHV� DW���
to 4 locations beneath the individual tree’s canopy while six 
cambium temperature points are measured on each tree under 
³QRUPDO´�SUHVFULEHG�¿UH�FRQGLWLRQV��)LJXUH�����7KH�REYLRXV�
conclusion shows excessive heating both of root systems and 
DW�WKH�JURZLQJ�FHOOV�RI�WUHH�EROHV��FDPELXP��

'HFDGHV�ZLWKRXW�¿UH� LQ�D�¿UH�DGDSWHG� IRUHVW�KDV�FUHDWHG�
WKH� FXUUHQW� DUWL¿FLDO� DQG� XQQDWXUDO� HFRV\VWHP�� 0RGL¿HG�
PHDQV�DUH�QHFHVVDU\�WR�UHLQWURGXFH�¿UH�EDFN�LQWR�WKH�V\VWHP��
Much of the work at Fort Valley and Long Valley gave us 
YDOXDEOH� LQVLJKWV� LQWR� UHHVWDEOLVKLQJ� ¿UH� LQWR� DQ� ROG� RYHU�
protected system. Forest managers are realizing the need to 
UHVWRUH�¿UH�WR�HFRV\VWHPV�WKDW�KDYH�KLVWRULFDOO\�LQFRUSRUDWHG�
¿UH�DV�D�QDWXUDO�SDUW�RI�WKH�V\VWHP�DQG�VHH�WKH�EHQH¿WV�WKDW�JR�
beyond just fuel reduction.
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Conclusion

$V�ZH� DQVZHU� TXHVWLRQV� UHJDUGLQJ� WKH� XVH� RI� SUHVFULEHG�
¿UH�LQ�WKH�VRXWKZHVWHUQ�8QLWHG�6WDWHV��VFLHQWLVWV�DQG�PDQDJ-
HUV�UDLVH�DGGLWLRQDO�TXHVWLRQV��([DPLQDWLRQ�RI�WKH�¿UH�VHDVRQV�
in the most recent past demonstrates the successes of using 
SUHVFULEHG� ¿UH� LQ� ZLOGODQG�XUEDQ� XVH� DUHDV�� 7KH� LQFUHDVHG�
QXPEHU�RI�DFUHV�WUHDWHG�ZLWK�SUHVFULEHG�¿UH�DOORZV�¿UH�PDQ-
agers to successfully function under the current directive 
RI� $SSURSULDWH� 0DQDJHPHQW� 5HVSRQVH� �$05��� DOORZLQJ�
ZLOG¿UH�RU�ZLOG¿UH�XVH�WR�GR�ZKDW�RFFXUV�QDWXUDOO\�LQ�DUHDV��
5HGXFWLRQ�RI�WKLV�QDWXUDO�IXHO�EXLOGXS�E\�SUHVFULEHG�EXUQLQJ�
expands allowable burning conditions. There is no guarantee 
that a management tool such as prescribed burning is perfect, 
EXW�ZLWK�DGGLWLRQDO�XVH�DQG�H[SHULHQFH��WKH�VXFFHVV�RI�¿UH�DV�
D�WRRO�LV�LPSURYHG��)RUHVW�6HUYLFH�UHVHDUFK�DV�ZHOO�DV�XQLYHU-
sity cooperative research has been responsible for looking at 
PDQ\�RI�WKHVH�¿UH�HIIHFWV��VHH�$SSHQGL[�$���:H�DUH�SURXG�RI�
the successes of these students, many of whom are produc-
WLYH�)RUHVW�6HUYLFH�RU�XQLYHUVLW\�UHVHDUFKHUV�LQ�WKHLU�RZQ�ULJKW�
LQ�RWKHU�JHRJUDSKLF�DUHDV�RI�WKH�8QLWHG�6WDWHV��:H�WDNH�JUHDW�
pride in knowing that we have had a small role in their ca-
reer. We are also grateful to the grant process of the Joint Fire 
6FLHQFH�3URJUDP�IRU� IXQGLQJ� WR� UHPHDVXUH�FULWLFDO�YDULDEOHV�
(ground and canopy fuels, stand overstory conditions, soil 
DPPRQLXP�DQG�QLWUDWH��YHJHWDWLRQ�GHQVLW\�DQG�GLYHUVLW\��DIWHU�
���\HDUV�RI�UHVHDUFK��7KH�JRDO�LV�WR�HYDOXDWH�PRUH�WKDQ�WKLUW\�
years of repeated rotational prescribed burning treatments in 
southwestern ponderosa pine, a truly rare opportunity.
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Introduction

7KH� SXUSRVH� RI� WKLV� SDSHU� LV� WR� GRFXPHQW� WKH� ¿UVW�
����\HDUV�RI�UDQJH�PDQDJHPHQW�UHVHDUFK�DW�WKH�8�6��)RUHVW�
6HUYLFH¶V� )RUW� 9DOOH\� ([SHULPHQWDO� )RUHVW� �)9()�� DQG�
WR� H[SODLQ� WKH� VLJQL¿FDQFH� RI� WKLV� UHVHDUFK� RQ� WKH� ¿HOG�
of range ecology and management. Although we em-
phasize the work done at FVEF in the ponderosa pine 
forest, we also touch on other research projects in nearby 
experimental plots in other vegetation types such as pinyon- 
juniper and chaparral communities.

7KH� SDSHU� KDV� WKUHH� VHFWLRQV�� HDFK� UHÀHFWLQJ� D� GLVWLQFW�
WLPH� SHULRG� DQG� )RUHVW� 6HUYLFH� UDQJH� UHVHDUFK� IRFXV�� 7KH�
FVEF was established in 1908 in northern Arizona to provide 
alternatives for protecting and managing forest and range re-
sources. For the period from 1908 to 1950, forest grazing was 
used primarily for regional economic stability. During this 
¿UVW�SHULRG��UDQJH�UHVHDUFK�IRFXVHG�ODUJHO\�RQ�KRZ�GRPHVWLF�
livestock grazing impacted forage grasses and ponderosa pine 
UHJHQHUDWLRQ��)URP������WR�������WKH�IRFXV�RI�UDQJH�UHVHDUFK�
changed from livestock production to multiple use emphasiz-
ing timber, forage, and animal interactions in ponderosa pine, 
pinyon-juniper, and chaparral vegetation types. The period 
IURP������ WR� ����� UHSUHVHQWV� \HW� DQRWKHU� HUD��ZKHUHLQ� WKH�
focus shifted to biodiversity, ecosystem restoration, and ecol-
ogy of invasive non-native plant species.

5DQJH� UHVHDUFK� DW� )RUW� 9DOOH\� GXULQJ� WKH� ����\HDU� KLV-
WRU\� LQFOXGHG�� ���� HFRORJLFDO� EDVHOLQH� LQIRUPDWLRQ� DQG�
PDQDJHPHQW� SUDFWLFHV�� ���� WUHH� RYHUVWRU\� DQG� XQGHUVWRU\�

In: 2OEHUGLQJ��6XVDQ�'���DQG�0RRUH��0DUJDUHW�0���WHFK�FRRUGV��������)RUW�9DOOH\�([SHULPHQWDO�)RUHVW²$�&HQWXU\�RI�5HVHDUFK������������
3URFHHGLQJV�5056�3�����)RUW�&ROOLQV��&2��8�6��'HSDUWPHQW�RI�$JULFXOWXUH��)RUHVW�6HUYLFH��5RFN\�0RXQWDLQ�5HVHDUFK�6WDWLRQ������S�

Range Management Research, Fort Valley Experimental Forest

Henry A. Pearson, (ret.), USFS/Agricultural Research Service, Athens, TX; 
Warren P. Clary, (ret.), USFS, Meridian, ID; Margaret M. Moore, 
Northern Arizona School of Forestry, Flagstaff, AZ; and Carolyn Hull 
Sieg, USFS, Rocky Mountain Research Station, Flagstaff, AZ

Abstract—Range management research at the Fort Valley Experimental Forest during the 
past 100 years has provided scientific knowledge for managing ponderosa pine forests and 
forest-range grazing lands in the Southwest. Three research time periods are identified: 1908 
to 1950, 1950 to 1978, and 1978 to 2008. Early research (1908-1950) addressed ecologi-
cal effects of livestock grazing on pine regeneration and forage plant growth. In later years 
(1950-1978) the research scope broadened to include the multiple uses of forest resources 
(trees, understory vegetation, livestock, wildlife, etc.), environmental and socio-economic 
impacts, and tree, forage, and animal interactions and interrelationships. Currently (1978-
2008) research is focused on biodiversity, ecosystem restoration, and ecology of invasive 
non-native species.

SODQW�UHODWLRQVKLSV������SODQW�DQLPDO�UHODWLRQVKLSV��DQG�����HQ-
vironmental issues, concerns, and evaluations. Our goal is to 
KLJKOLJKW�UDQJH�UHVHDUFK�WHFKQLTXHV�DQG�SUDFWLFHV�GHYHORSHG�
at FVEF and nearby sites and touch on key researchers and 
VRPH�RI�WKHLU�VLJQL¿FDQW�FRQWULEXWLRQV�

Ecological Effects of Livestock 
Grazing: 1908 to 1950

,Q�WKH�HDUO\�\HDUV�RI�WKH�)9()��¿HOG�UHVHDUFKHUV�RIWHQ�VSHQW�
their winters in Tucson and summers at Fort Valley. Later they 
were housed all year at each location conducting their respec-
WLYH� UHVHDUFK��2QVLWH�8�6��)RUHVW�6HUYLFH� �86)6�� VFLHQWLVWV�
ZHUH� RIWHQ� DFFRPSDQLHG� E\� :DVKLQJWRQ� 2I¿FH� SHUVRQQHO�
who reviewed, coordinated, and assisted in research prog-
UHVV�DQG�RU�FRQGXFWHG�WKHLU�RZQ�LQGHSHQGHQW�¿HOG�UHVHDUFK��
6RPH�RI�WKH�QRWHG�HDUO\�VFLHQWLVWV�DQG�DGPLQLVWUDWRUV�ZHUH��
*��$��3HDUVRQ��5��5��+LOO��:��5��&KDSOLQH��&��/��)RUVOLQJ�� 
(��:��1HOVRQ��0�:��7DOERW�� )�� +DDVLV�� &�� .�� &RRSHUULGHU�� 
+�� 2�� &DVVLG\�� (�� &�� &UDIWV�� 5�� 3ULFH�� -�� )��$UQROG�� 5�� +��
&DQ¿HOG�� *�� *OHQGHQLQJ�� &�� )�� &RRSHU�� %�� ,�� -XGG�� .��:��
3DUNHU��+��:HDYHU��DQG�$��:��/LQGHQPXWK�

During the period from 1908 to 1950, the livestock in-
dustry was strong and grazing lands were utilized mainly for 
immediate economic returns with limited regard for biodiver-
VLW\��5DQJH�UHVHDUFK�IRFXVHG�RQ�EDVHOLQH�VWXGLHV�WR�GHWHUPLQH�
how plant species recovered from past overuse, response of 
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forage plants to the current-day grazing practices, the impacts 
of grazing on pine regeneration, and determining range condi-
tion and trend. The use of grazing exclosures and permanent 
measurement plots was essential for building baseline infor-
PDWLRQ��VHYHUDO�RI�WKHVH�RULJLQDO�SURMHFWV�DUH�GLVFXVVHG�KHUH�

5��5��+LOO�� D�86)6�*UD]LQJ�([DPLQHU�� GLYLGHG�KLV� WLPH�
DPRQJ�WKH�¿UVW�86)6�JUD]LQJ�UHFRQQDLVVDQFH�RQ�WKH�&RFRQLQR�
1DWLRQDO�)RUHVW��������DQG�D�VWXG\�WR�GHWHUPLQH�WKH�HIIHFWV�
of intense livestock grazing on tree regeneration from 1910 
WR������ �+LOO�������� ,Q�������KH�HVWDEOLVKHG�D�VWXG\� WR�H[-
amine how understory vegetation recovered when protected 
IURP�OLYHVWRFN�JUD]LQJ��+H�ZRUNHG�ZLWK�0��:��7DOERW��:��5��
&KDSOLQH�� DQG�*��$��3HDUVRQ� WR� VHOHFW�¿YH� OLYHVWRFN�H[FOR-
sure sites on the Coconino National Forest, locally known as 
WKH�³+LOO�SORWV�´�3HUPDQHQW�TXDGUDWV�ZHUH�HVWDEOLVKHG�LQVLGH�
and outside the exclosures, and the vegetation was mapped 
periodically between 1912 and 1941. Early reports (Arnold 
������ *OHQGHQLQJ� ������ +LOO� ������ ������ 0HUULFN� ������
7DOERW�DQG�+LOO�������FRQFOXGHG�WKDW�WKH�KHUEDFHRXV�XQGHU-
VWRU\� YHJHWDWLRQ� UHTXLUHV� VHYHUDO� GHFDGHV� WR� UHFRYHU� IURP�
“severe livestock” grazing. As described below (time period 
������������WKLV�HDUO\�UHVHDUFK�UHVXPHG�LQ�������%DNNHU�DQG�
0RRUH�������%DNNHU�DQG�RWKHUV��WKLV�SURFHHGLQJV��

*��$��3HDUVRQ�HVWDEOLVKHG�SHUPDQHQW�VLOYLFXOWXUH�SORWV�DW�
)RUW�9DOOH\��86)6�SHUPDQHQW�VDPSOH�SORWV��LQ�������,Q�������
understory plots within the silviculture plots were added to 
TXDQWLI\�ZRRG\�DQG�KHUEDFHRXV�SODQW�FRPSRVLWLRQ��VHFRQG-
ary plant succession, and effects of livestock, rodents, and 
other possible forms of competition on pine seedling surviv-
DO� �+DDVLV�������3HDUVRQ������������������$OO�SODQWV�ZHUH�
charted on 24 plots, then half of the plots were denuded and 
DOO�SORW�SDLUV�ZHUH� UHPDSSHG�¿YH�\HDUV� ODWHU� ��������7KHVH�
plots were remeasured again in 1996 (Bakker and others 
������DQG�UHVXOWV�DUH�GLVFXVVHG�LQ�D�ODWHU�VHFWLRQ��WLPH�SHULRG�
�����������

,Q� ����� RQ� 86)6� DOORWPHQWV� QRUWKZHVW� RI� )ODJVWDII�
(locally known as the “Cooperrider-Cassidy” or “Wild Bill-
:LOODKD´�SORWV���&��.��&RRSHUULGHU�DQG�+��2��&DVVLG\�VWXGLHG�
biological factors responsible for injury to ponderosa pine 
regeneration and grazing impacts on herbaceous vegetation. 
After nine years, they observed that cattle, sheep, game ani-
mal browsing, and tip moths did the most injury to seedlings 
more than three years old, whereas rodents damaged younger 
VHHGOLQJV� �&RRSHUULGHU��������7KH�KHUEDFHRXV� FRPSRVLWLRQ�
GDWD�ZHUH�QHYHU�SXEOLVKHG��KRZHYHU��PHDVXUHPHQWV�UHVXPHG�
LQ�������/DXJKOLQ�DQG�0RRUH��WKLV�SURFHHGLQJV��DQG�DUH�GLV-
FXVVHG�ODWHU��WLPH�SHULRG������WR�������

In the 1940s, J.F. Arnold remeasured the “Hill” plots to 
further describe the ponderosa pine-bunchgrass successional 
patterns and forage yields (Arnold 1950, Bakker and Moore 
������&ODU\�������0LOFKXQDV��������+H�XVHG�SODQW�OLIH�IRUP�
FODVVL¿FDWLRQV� WR� HYDOXDWH� UDQJH� FRQGLWLRQ� DQG� WUHQG� DQG�
showed bunchgrass survival was reduced by removing the 
SODQW�DSH[��$UQROG�������

$IWHU�3HDUVRQ¶V�UHWLUHPHQW�LQ�������*�6��0HDJKHU��7LPEHU�
0DQDJHPHQW� 5HVHDUFK� /HDGHU�� UHWXUQHG� WR� )RUW� 9DOOH\�
LQ� ����� WR� KHOS� FRPSOHWH� *�$�� 3HDUVRQ¶V� ������� PRQR-
graph. Other research during this time period included the 

GHYHORSPHQW�RI�5DQJH�8WLOL]DWLRQ�6WDQGDUGV��86'$�)RUHVW�
6HUYLFH� ������� VKUXE� LQYDVLRQ� FRQWURO�� ÀRRG� FRQWURO� VXU-
YH\V�� DQG� WKH� &RRSHUDWLYH� :HVWHUQ� 5DQJH� 6XUYH\�� 7KHVH�
HIIRUWV�IURP������WR������ZHUH�LQ�FRRSHUDWLRQ�ZLWK�WKH�6RLO�
&RQVHUYDWLRQ�6HUYLFH��%XUHDX�RI�$JULFXOWXUH�(FRQRPLFV��DQG�
Corp of Engineers. In the 1940s, range study plots were es-
WDEOLVKHG�WKURXJKRXW� WKH�1DWLRQDO�)RUHVW�5HJLRQ�WR�SURYLGH�
information on range recovery, utilization, condition, and 
trend, which provided benchmark data for future measure-
ments. In addition, the Wild Bill allotment was used to test 
WKH�ZLGHO\�XVHG�OLQH�LQWHUFHSW�PHWKRG��&DQ¿HOG�������

Multiple Use Era:  
1950 to 1978

)URP������WR�������WKH�86)6�UHVHDUFK�HPSKDVHV�FKDQJHG�
from single-use livestock production to multiple-use. Arriving 
in 1956, Don Jameson, plant physiologist and range scien-
WLVW�� DVVLVWHG�(OEHUW�+��5HLG� �5DQJH�0DQDJHPHQW�5HVHDUFK�
$VVLVWDQW� 'LUHFWRU�� LQ� LQLWLDOO\� HVWDEOLVKLQJ� WKH� 6RXWKZHVW�
&KDSDUUDO�:RRGODQG�DQG�)RUHVW�5DQJH�3URMHFW��6&:)53��RQ�
WKH�1RUWKHUQ�$UL]RQD�8QLYHUVLW\��1$8��FDPSXV�LQ�)ODJVWDII��
$=��$UL]RQD�6WDWH�&ROOHJH�EHIRUH��������7KLV�LQLWLDWLYH�ZDV�
to provide basic and applied range management information 
and focused on timber, forage, and animal interactions in the 
ponderosa pine, pinyon-juniper, and chaparral range types. 
5HVHDUFK� DSSURDFKHV� LQYROYHG� SODQW� SK\VLRORJ\�� HFRORJ\��
SODQW�DQG�DQLPDO��OLYHVWRFN�DQG�ZLOGOLIH��QXWULWLRQ��HFRQRP-
ics, and environmental sciences.

Much of Jameson’s early research was concerned with 
plant physiological responses to tissue removal and resis-
tance of plants to heat and desiccation (Jameson and Huss 
������-DPHVRQ�����D���������������/DWHU�KH�VWXGLHG�WKH�HI-
fects of natural growth inhibitors on herbaceous vegetation, 
plant competition, and plant patterns (Jameson 1961b, 1965a, 
����D������E���������������������-DPHVRQ�LQLWLDWHG�D�ODUJH�
scale ecological study in the nearby pinyon-juniper type 
that provided a method of comparing the ability of different 
VRLOV��VHGLPHQWDU\�YV��EDVDOWLF��WR�SURGXFH�QDWLYH�YHJHWDWLRQ�
following tree overstory removal. Herbage yields were deter-
mined based on soils, annual precipitation, pretreatment tree 
canopy cover, and pretreatment nitrates (Clary and Jameson 
������-DPHVRQ�����E��-DPHVRQ�DQG�'RGG��������,Q�KLV�ODVW�
years at Flagstaff, Don became the local expert on the newly 
developed computers and computer modeling. One of his 
many contributions was the modeling of optimum stand se-
OHFWLRQ�IRU�MXQLSHU�FRQWURO��-DPHVRQ�������

$UULYLQJ� LQ� ������ +HQU\� 3HDUVRQ� �UXPLQRORJLVW�� QXWUL-
WLRQLVW�� DQG� UDQJH� VFLHQWLVW�� PDLQO\� IRFXVHG� KLV� UHVHDUFK�
HIIRUWV� RQ� WKH� ³:LOG� %LOO� 5DQJH´� �3HDUVRQ� DQG� -DPHVRQ�
������� 7KLV� VWXG\� HVWLPDWHG� OLYHVWRFN� JDLQV� IURP� IRUDJH�
LQWDNH�DQG�QXWULWLRQDO�SODQW�YDOXHV��)LJXUH��� for cattle graz-
ing in different ponderosa pine stand densities (Clary and 
3HDUVRQ�������3HDUVRQ��������������*UD]LQJ�LQWHQVLW\�ZDV�
DOVR�FDOFXODWHG�IRU�PD[LPXP�OLYHVWRFN�SUR¿WV�RQ�SRQGHURVD�
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SLQH� UDQJHV� �3HDUVRQ� ������� 3ULRU� WR� VWXG\� LQLWLDWLRQ�� WKH�
prevalent dense ponderosa pine stands were thinned or 
FOHDU�FXW�WR�VSHFL¿F�WUHH�VWDQG�GHQVLWLHV������������������DQG�
]HUR� �FOHDU�FXW�XQLWV�� VT� IW�EDVDO� DUHD�DFUH� �)LJXUH�����7KH�
RULJLQDO�VWDQG�GHQVLW\��XQWUHDWHG�XQLW��DYHUDJHG�����IW2 basal 
area per acre. Three events were touted as reasons for the 
exceptionally high densities (thousands of seedlings per 
DFUH��RI�WKH�����\HDU�ROG�VSLQGO\�SRQGHURVD�SLQH������OLP-
ited livestock control during 1918 (allowing overgrazing 
DQG� JUDVV� FRPSHWLWLRQ� UHGXFWLRQV��� ���� H[FHSWLRQDOO\� KLJK�
ponderosa pine seed yields during the spring of 1919, and 
����XQXVXDOO\�KLJK�UDLQIDOO�GXULQJ�-XQH�������QRUPDOO\�D�GU\�
PRQWK���7KH�QHZ�SLQH� VHHGOLQJV�ÀRXULVKHG�ZKHQ� WKH� -XO\�
summer monsoons began.

6HYHUDO�EDVLF�DQG�DSSOLHG�VWXGLHV�EUDQFKHG�RXW�WR�LQFOXGH�
management and technical methods for timber, livestock, 
DQG�ZLOGOLIH��3HDUVRQ�����������D��������3HDUVRQ�DQG�RWKHUV�
�������In vitro�GLJHVWLELOLW\�WHFKQLTXHV�IRU�OLYHVWRFN�DQG�ZLOG-
life research were described in the 1968 national symposium 
LQ� )ODJVWDII� DQG� )RUW�9DOOH\� �3HDUVRQ� ������ ����D�� ����E��
����F�� ������� 8VLQJ� UXPHQ� ¿VWXODWHG� FDWWOH� �)LJXUH� ����
WKLV�QXWULWLRQ�UHVHDUFK�ZDV�D�¿UVW� IRU� WKH�86)6��FODLPHG�WR�
EH� ³FXWWLQJ� HGJH´� UHVHDUFK� E\� :DVKLQJWRQ� 2I¿FH� 5DQJH�
'LYLVLRQ�&KLHI�.HQ�3DUNHU� LQ�������� UHVXOWLQJ� LQ�3HDUVRQ¶V�
DSSRLQWPHQW� WR� WKH� ���VWDWH� :HVWHUQ� 5DQJH� /LYHVWRFN�
1XWULWLRQ� &RPPLWWHH�� 5XPHQ� VWXGLHV� UHVXOWHG� LQ� PLFURELDO�
descriptions for mule deer, white-tailed deer, pronghorn, and 
ELVRQ��3HDUVRQ�����E������G������D������E���$���IRRW�VQRZ-
IDOO�LQ�'HFHPEHU������SUHFLSLWDWHG�D�VWXG\�GHWHUPLQLQJ�ZK\�
pronghorn, which were provided highly nutritious alfalfa hay 
after extended periods without food, died from starvation 
PRUH�WKDQ�WKRVH�QRW�SURYLGHG�DQ\�VXSSOHPHQWDO�IHHG��5XPHQ�
microbial examinations indicated that the limited rumen ab-
sorption of nutrients was confounded by the increased acid 
SURGXFWLRQ�IURP�WKH�KLJK�TXDOLW\�KD\�FDXVLQJ�WKH�SURQJKRUQ�
WR�GLH�IURP�DFXWH�DFLG�LQGLJHVWLRQ��3HDUVRQ�����E���6LPLODU�
results occurred earlier in mule deer herds of northern Utah 

�'RPDQ�DQG�5DVPXVVHQ��������2WKHU�WHFKQLTXHV�GHYHORSHG�
and tested included freeze branding, remote cattle weigh-
LQJ�DQG�UHFRUGLQJ��3RQG�DQG�3HDUVRQ�������� IRUDJH�VDPSOH�
VWRUDJH� �3RQG� DQG� 3HDUVRQ� ������� UHPRWH� OLYHVWRFN� ZDWHU�
GHYHORSPHQWV� �3HDUVRQ� DQG� RWKHUV� ������� UXPHQ�PLFURELDO�
WHFKQLTXHV��3HDUVRQ�����D������E������E���DQG�UHPRWH�UDGLR�
telemetry.

$� 0D\� ����� OLJKWQLQJ� VWULNH� LJQLWHG� WKH� :KLWH� +RUVH�
ZLOG¿UH�QRUWK�RI�WKH�)RUW�9DOOH\�KHDGTXDUWHUV��EXUQLQJ�DERXW�
800 acres of forest land, including two experimental pastures 
RQ� WKH� ³:LOG� %LOO� 5DQJH´� �3HDUVRQ� DQG� RWKHUV� ������� 7KH�
unthinned ponderosa pines were decimated by the resulting 
FURZQ�¿UH��EXW�WKH�DGMDFHQW�WKLQQHG�SLQHV�ZHUH�YLUWXDOO\�XQ-
GDPDJHG�GXH�WR�WKH�¿UH�JRLQJ�DFURVV�WKH�SDVWXUH�DV�D�JURXQG�
¿UH�� 3RQGHURVD� SLQH� UDGLDO� JURZWK� LQFUHDVHG� RQ� WUHHV� ZLWK�
FURZQ�VFRUFK�OHVV�WKDQ�����EXW�GHFUHDVHG�ZKHUH�LW�ZDV�PRUH�
WKDQ������)LJXUH�����%XUQLQJ�LQLWLDOO\�HQKDQFHG�KHUEDFHRXV�
SODQW�JURZWK�DQG�QXWULWLYH�YDOXHV�DIWHU�WKH�¿UH�

$UULYLQJ� LQ� ������ )OR\G� 3RQG� �HFRORJLVW� DQG� UDQJH� VFL-
HQWLVW�� IRFXVHG� KLV� UHVHDUFK� RQ� WKH� FKDSDUUDO� UDQJH� W\SH��
however, he also studied plant responses in forested ranges 
XVLQJ� JUD]LQJ� DQG� FOLSSLQJ� VWXGLHV� �3RQG� ������� +H� DOVR�
found that plant dry matter yield reductions occurred with 
LQFUHDVHG�IUHTXHQF\�DQG�LQWHQVLW\�RI�KDUYHVWLQJ��3RQG�������

5DQJH� VFLHQWLVW� :DUUHQ� &ODU\�� DVVLJQHG� WR� WKH� QHDUE\�
%HDYHU�&UHHN�0XOWLSOH�5HVRXUFH�(YDOXDWLRQ�3URMHFW��ZDV�WKH�
ORQJHVW�WHQXUHG�UDQJH�VFLHQWLVW�DW�WKH�)ODJVWDII�KHDGTXDUWHUV�
�����±�������7KH�%HDYHU�&UHHN�3URMHFW��)LJXUH�����D�FRRS-
HUDWLYH�5RFN\�0RXQWDLQ�6WDWLRQ� �50�� DQG�1DWLRQDO�)RUHVW�
6\VWHP��1)6��5HJLRQ���HIIRUW�ORFDWHG�VRXWK�RI�)ODJVWDII��ZDV�
established to make multiple resource evaluations of land and 
vegetation treatments designed to increase overland water 
\LHOGV��)LJXUH�����&ODU\�¿UVW�IRFXVHG�RQ�WKH�VDPSOLQJ�QHHGHG�
to evaluate herbaceous productivity on the newly formed 
project.

&ODU\� DQG� FROOHDJXHV� �3HWHU� )IROOLRWW�� )UHG� /DUVRQ��$UW�
7LHGHPDQQ�� DQG�%LOO�.UXVH�� VWXGLHG� WKH� LPSDFW� RI� SRQGHU-
RVD�SLQH�DQG�SLQ\RQ�MXQLSHU�PRGL¿FDWLRQV��VXFK�DV�FDEOLQJ��
sawing, and herbicide treatments on timber growth, forage 
yields, and their interrelationships with soil, hydrologic re-
sponse, and wildlife habitat (Clary 1964, Clary and Ffolliott 
������ &ODU\� DQG� -DPHVRQ� ������ &ODU\� DQG� /DUVRQ� ������
&ODU\�DQG�RWKHUV�������������)IROOLRWW�DQG�&ODU\��������������
Each treatment approach produced a different combination 
of effects.

7KH�HFRQRPLF�HIIHFWLYHQHVV�RI�WUHH�RYHUVWRU\�PRGL¿FDWLRQV�
on forage value, livestock carrying capacity and distribution 
on the landscape, trade-off relationships, and optimum com-
binations of timber products (such as sawtimber, pulpwood, 
DQG� IXHOZRRG�� DQG� OLYHVWRFN�ZHUH� VWXGLHG� �)LJXUH����&ODU\�
������������������������&ODU\�DQG�*UHOHQ�������&ODU\�DQG�
RWKHUV� ������ ������ �������&RRSHUDWRUV�'RQ�1HII� DQG�&OD\�
0F&XOORFK��$UL]RQD�*DPH�DQG�)LVK�'HSDUWPHQW��DQG�+XGVRQ�
*��5H\QROGV��86)6�5056�:LOGOLIH�%LRORJLVW��H[DPLQHG�WKH�
effects of treatments on forage and habitat for deer, elk, live-
VWRFN��DQG�VPDOO�PDPPDOV��&ODU\�������5H\QROGV�DQG�RWKHUV�
������

Figure 1. Estimated livestock gains based on forage intake and 
nutritional plant values (Pearson 1972).
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Figure 2. Map of the Wild Bill study area. Top: Location of study area relative to the Fort Valley Headquarters. 
Bottom: Eight experimental pastures by acreage and stand density (Pearson and Jameson 1967).
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$UULYLQJ� LQ������� UDQJH� WHFKQLFLDQ�:LOOLDP��%LOO��.UXVH�
eventually became the only range researcher at the Flagstaff 
ORFDWLRQ� IROORZLQJ�&ODU\¶V� GHSDUWXUH� LQ� ������+H�ZDV� ODWHU�
WUDQVIHUUHG�WR�*UHHQ�9DOOH\��$UL]RQD��DV�VXSHULQWHQGHQW�RI�WKH�
6DQWD�5LWD�([SHULPHQWDO�5DQJH��)IROOLRWW�DQG�RWKHUV��������
He returned to Flagstaff as a range scientist following comple-
WLRQ�RI�KLV�06�GHJUHH��6RPH�RI�KLV�DFFXPXODWHG�ZLVGRP�DQG�
H[SHULHQFH�ZDV�H[SUHVVHG�LQ�.UXVH�DQG�%DNHU��-U���������DQG�
LQ� WZR�ERRN�FKDSWHUV�� ³*UD]LQJ� V\VWHPV�RI� WKH�6RXWKZHVW´�
�.UXVH�DQG�-HPVLRQ�������DQG�³/LYHVWRFN�JUD]LQJ�LQ�ULSDU-
ian areas: environmental impacts, management practices and 
PDQDJHPHQW�LPSOLFDWLRQV´��&ODU\�DQG�.UXVH�������

'XULQJ� WKH� ���������� HUD� RI� UHVHDUFK� DW� )ODJVWDII�� WKH�
$JULFXOWXUDO� 5HVHDUFK� 6HUYLFH� KRXVHG� WKUHH� VFLHQWLVWV�
�7KRPDV�1�� -RKQVHQ�� -U��� )UHG�/DYLQ�� DQG�)UHG�%��*RPP��
DW�WKH�)RUHVW�6HUYLFH�/DERUDWRU\�RQ�WKH�1$8�FDPSXV��7KH\�
conducted research on range seeding and noxious plant con-
trol across northern Arizona including on or near the Fort 
9DOOH\�KHDGTXDUWHUV� �-RKQVHQ�����������D������E�� -RKQVHQ�
DQG�*RPP�������/DYLQ�������/DYLQ�DQG�RWKHUV�������������
������

Biodiversity and Restoration 
Era: 1978 to 2008

7KH�SHULRG�IURP������WR������UHSUHVHQWV�\HW�DQRWKHU�HUD�
in range-related research at Fort Valley. This era represented 
a shift from research focused on achieving multiple products 

Figure 3. Bill Kruse assisting with rumen fistulated cattle 
(Pearson 1970).

Figure 4. Ponderosa pine radial growth increased on trees 
with crown scorch less than 60%, but decreased where it 
was more than 60% as a result of the White Horse fire that 
burned two experimental pastures on the “Wild Bill Range” 
in 1967 (Pearson and others 1972).

to efforts to restore native forest diversity and studies on the 
ecology of invasive non-native plants. Major efforts have 
focused on resampling permanent plots, experimenting with 
cutting and burning treatments designed to restore historic 
structure and functions, and greater emphasis on understand-
LQJ� KRZ� WUHDWPHQWV� DQG� ZLOG� ¿UHV� LQÀXHQFH� WKH� JURZLQJ�
number of non-native species.

Continued Work on the Hill, Pearson, 
Cooperrider Permanent Plots

In recent years, there has been an increased interest in 
TXDQWLI\LQJ� KHUEDFHRXV� YHJHWDWLRQ� VWUXFWXUDO� DQG� FRPSRVL-
tional changes in the southwestern ponderosa pine-bunchgrass 
ecosystems from the early 1900s to present. The rediscovery 
RI� WKH� SHUPDQHQW� FKDUW� TXDGUDWV� RULJLQDOO\� HVWDEOLVKHG� DQG�
PDSSHG�E\�5��5��+LOO��*��$��3HDUVRQ��DQG�&��.��&RRSHUULGHU�
and other scientists between 1912 and 1941 (described in 1908 
WR������VHFWLRQ��SURYLGHG�RSSRUWXQLWLHV�WR�GHWHFW�DQG�TXDQWLI\�
ORQJ�WHUP�FKDQJHV�LQ�WKH�XQGHUVWRU\�YHJHWDWLRQ��:LWK�WKH�¿QH�
grained maps showing the location of individual plants, life 
KLVWRU\��HVWDEOLVKPHQW��VXUYLYDO��JURZWK��GHDWK��DQG�SODQW�FRP-
PXQLW\�DWWULEXWHV��FRPSRVLWLRQ��FRYHU��HWF���FDQ�EH�TXDQWL¿HG��
New technologies including geographic information systems 
and more powerful statistical methods allowed vegetation 
analyses that were not possible 100 years ago.
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Figure 5. Map of the Beaver Creek Watershed.

)URP������XQWLO�������0DUJDUHW�0RRUH�DQG�DVVRFLDWHV�DW�
1$8��ZLWK�WKH�RULJLQDO�UHFRUGV�DQG�ROG�PDSV�IURP�WKH�86)6�
Fort Valley Archives and the aid of a metal detector, relocated 
PRVW�RI�WKH�RULJLQDO�¿HOG�SORWV�DQG�KDYH�UHDQDO\]HG�VRPH�RI�
these data (Figure 8, Bakker and others 2002, 2006a, 2006b, 
%DNNHU�DQG�0RRUH�������%DNNHU�DQG�RWKHUV��WKLV�SURFHHGLQJV��
/DXJKOLQ�DQG�0RRUH�� WKLV�SURFHHGLQJV���'DWD�FROOHFWLRQV� LQ�
�����RQ� WKH�3HDUVRQ�XQGHUVWRU\�SORWV� VKRZHG�VSHFLHV� ULFK-
ness reductions and shifts in C� and C4 grasses, although the 
‘natural’ and denuded plot pairs did not differ after 90+ years 
�%DNNHU�DQG�RWKHUV��������5HFHQW�DQDO\VHV�RQ�GDWD�IURP�WKH�
Hill plots have shown that differences between historical 
grazing treatments, which may have been evident at one time, 
have now disappeared once overstory effects such as shading 

are taken into account. Although herbaceous species richness 
and cover have declined from 1941 to present, it is due to 
the overwhelming effect of increasing tree density (Arnold 
������%DNNHU�DQG�0RRUH�������&ODU\��������&XUUHQWO\�� WKH�
research team continues to relate shifts in plant composition 
WR�SK\VLFDO�VRLO�WUDLWV��FOLPDWH��DQG�ODQG�XVH�FKDQJHV��DQG�WR�
EXLOG�SUHGLFWLYH�PRGHOV�XVLQJ�WKHVH�XQLTXH�GDWD�VHWV�

GPNA—Restoration Experiment
An experiment was initiated in 1992 on a decommissioned 

SRUWLRQ� RI� WKH�*�$�� 3HDUVRQ�1DWXUDO�$UHD� RQ� WKH� )9()� WR�
evaluate long-term ecosystem responses to two restora-
tion treatments: thinning only and thinning with prescribed 
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Figure 6. Cattle grazing 
in a Beaver Creek 
ponderosa pine forest 
opening.

Figure 7. Production possibilities for ponderosa pine ranges based on 1982 product values from the Wild Bill 
Range.
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EXUQLQJ� �FRPSRVLWH� WUHDWPHQW��� 7KHVH� H[SHULPHQWV� ZHUH�
VLPLODU�WR�WKH�RQHV�LQLWLDWHG�RQ�WKH�³:LOG�%LOO�5DQJH´�LQ�WKH�
����V�DQG���V��GLVFXVVHG�DERYH���EXW�UHVWRUDWLRQ�WUHDWPHQWV�
have a slightly different emphasis on retaining old-growth 
trees, examining tree spatial pattern, and evaluating restora-
tion of ecosystem functions. Age data were used to document 
WKH�SUHVHWWOHPHQW�IRUHVW�VWUXFWXUH�LQ�������2YHUVWRU\�DQG�XQ-
derstory vegetation and ecosystem responses were examined 
ZLWKLQ� WUHDWPHQWV� DQG� IXUWKHU� VWUDWL¿HG�E\� IRXU�SDWFK� W\SHV�
�0RRUH�DQG�RWKHUV��WKLV�SURFHHGLQJV���$V�H[SHFWHG��WKH�KHU-
baceous standing crop, measured between 1994 and 2004, 
ZDV�VLJQL¿FDQWO\�KLJKHU�RQ�WKH�WZR�WUHDWHG�DUHDV��WKLQQHG�DQG�
WKLQQHG�SOXV�EXUQHG��WKDQ�RQ�WKH�FRQWURO�RYHU�WKH�HQWLUH�SRVW�
treatment period, but did not differ between the treatments 
�0RRUH�DQG�RWKHUV��������5HVWRULQJ�KHUEDFHRXV�VSHFLHV�GL-
versity and community composition continues to be more 
GLI¿FXOW� WKDQ� UHVWRULQJ� HFRV\VWHP� VWUXFWXUH� VXFK� DV� KHUED-
ceous standing crop.

Floristics and Ecology of Non-Native 
Invasive Plant Species

&DURO\Q�+XOO� 6LHJ� DQG� FROOHDJXHV� KDYH� EHJXQ� VWXGLHV� DW�
the FVEF and surrounding areas with new objectives focus-
ing on documenting biodiversity and addressing the ecology 
RI�QRQ�QDWLYH�LQYDVLYH�SODQW�VSHFLHV��,Q�������-DFN�'LHWHULFK�
DQG�6WHSKHQ�6DFNHWW�EHJDQ�D�VWXG\�DW�&KLPQH\�6SULQJ�RQ�WKH�
)9()� DQG� LQ� ����� DW� /LPHVWRQH� )ODWV� RQ� WKH� /RQJ�9DOOH\�
Experimental Forest to examine the effects of reintroducing 
¿UH�DW�YDU\LQJ�LQWHUYDOV�LQWR�SRQGHURVD�SLQH�IRUHVWV��6DFNHWW�

������6DFNHWW�DQG�RWKHUV�������6DFNHWW�DQG�+DDVH��WKLV�SUR-
FHHGLQJV���0DUNLQJ����\HDUV�RI�EXUQLQJ�WUHDWPHQWV�DW�&KLPQH\�
6SULQJ�DQG�/LPHVWRQH�)ODWV��6FXGLHUL�DQG�RWKHUV��WKLV�SURFHHG-
LQJV��SURYLGH�D�FRPSOHWH�SODQW�VSHFLHV�OLVW�IRU�HDFK�VWXG\�VLWH�
in an effort to document important changes since these studies 
were initiated. Other studies focused on non-native plant in-
vasives and examined the role of disturbances in perpetuating 
EXOO�WKLVWOH��&ULVS�������DQG�'DOPDWLDQ�WRDGÀD[��'RGJH�DQG�
RWKHUV�� LQ�SUHVV��� DQG�KRZ�SODQW�FRPPXQLWLHV�KDYH�FKDQJHG�
IROORZLQJ�UHFHQW�ZLOG¿UHV��.XHQ]L�DQG�RWKHUV�������6DER�DQG�
RWKHUV��LQ�SUHVV���7KHLU�ZRUN�KDV�GRFXPHQWHG�WKH�SUHVHQFH�RI�
several non-native species that have been used in past seed-
ing projects to enhance livestock forage (Fowler and others 
�������DQG�DOVR�D�QXPEHU�RI�QHZ�LQYDGHUV�WKDW�SRVH�SUREOHPV�
IRU�SHUSHWXDWLQJ�SURGXFWLYH�QDWLYH�SODQW�FRPPXQLWLHV��*LYHQ�
the number of recent arrivals, land managers will be forced 
to prioritize which non-native species they cannot afford to 
LJQRUH��6LHJ�DQG�RWKHUV�������

Summary

6HYHUDO� LPSRUWDQW� UDQJH� PDQDJHPHQW� UHVHDUFK� PHWKRGV�
and land management recommendations were developed 
during the 100-year history of the FVEF. Although multidis-
ciplinary studies were common since FVEF was established 
in 1908, the research focus has gradually evolved over the 
years. Until the early 1950s, studies largely focused on the 
ecological effects of livestock grazing on ponderosa pine 

Figure 8. Repeat photographs illustrating the dramatic changes that have occurred in southwestern ponderosa pine forests. 
Repeat photos of one Hill Plot site called Black Springs in 1941 (left) and 2003 (right). Note circles indicating same stump in 
middle of both pictures (behind smaller tree in 2003) and forked tree in both photos (right foreground). 2003 photo: J. Bakker
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regeneration and forage plants. In the multiple-use era, from 
�����WR�������VWXGLHV�VKLIWHG�IURP�VLQJOH�XVH�OLYHVWRFN�SUR-
GXFWLRQ� WR� PXOWLSOH�XVH� PDQDJHPHQW� TXHVWLRQV�� 7KH� PRVW�
recent era of range-related research at FVEF, beginning in 
������ LV� FKDUDFWHUL]HG�E\� LQFUHDVLQJ�HPSKDVLV�RQ�ELRGLYHU-
sity, ecosystem restoration, and ecology of invasive plant 
species. Many sampling and fundamental management tech-
QLTXHV�IRU�IRUHVWHG�UDQJHODQGV�FDPH�IURP�WKHVH�VWXGLHV��7KH�
research results originating from FVEF and nearby experi-
mental plots had widespread implications and applications to 
IRUHVWV�DQG�UDQJHV�WKURXJKRXW�WKH�6RXWKZHVW�
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0DQDJHPHQW������������

3RQG��)��:���3HDUVRQ��+��$�������6WRUDJH�GRHV�QRW�DIIHFW�FUXGH�
SURWHLQ�RI�IRUDJH�VDPSOHV��5HV��1RWH�50������)RUW�&ROOLQV��
&2��8�6��'HSDUWPHQW�RI�$JULFXOWXUH��)RUHVW�6HUYLFH��5RFN\�
0RXQWDLQ�)RUHVW�DQG�5DQJH�([SHULPHQW�6WDWLRQ����S�

3RQG��)��:���3HDUVRQ��+��$��������)UHH]H�EUDQGLQJ�FDWWOH�IRU�
LQGLYLGXDO�LGHQWL¿FDWLRQ��-RXUQDO�RI�5DQJH�0DQDJHPHQW������
��������

5H\QROGV��+��*���&ODU\��:��3���)IROOLRWW��3��)��������*DPEHO�RDN�IRU�
VRXWKZHVWHUQ�ZLOGOLIH��-RXUQDO�RI�)RUHVWU\��������������

6DER��.��(���+DUW��6��&���6LHJ��&��+���%DLOH\��-��'��������7UDGHRIIV�
in overstory and understory aboveground net primary 
productivity in southwestern ponderosa pine stands. Forest 
6FLHQFH�����������������

6DFNHWW��6�6��������5HGXFLQJ�QDWXUDO�SRQGHURVD�SLQH�IXHOV�XVLQJ�
SUHVFULEHG�¿UH��WZR�FDVH�VWXGLHV��5HV��1RWH�50������)RUW�
&ROOLQV��&2��8�6��'HSDUWPHQW�RI�$JULFXOWXUH��)RUHVW�6HUYLFH��
5RFN\�0RXQWDLQ�)RUHVW�DQG�5DQJH�([SHULPHQW�6WDWLRQ����S�

6DFNHWW��6��6���+DDVH��6��0���+DUULQJWRQ��0��+��������/HVVRQV�
OHDUQHG�IURP�¿UH�XVH�IRU�UHVWRULQJ�VRXWKZHVWHUQ�SRQGHURVD�SLQH�
V\VWHPV��,Q��&RYLQJWRQ��:DOODFH��:DJQHU��3DPHOD�.���WHFK��
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coords. Conference on adaptive ecosystem restoration and 
PDQDJHPHQW��5HVWRUDWLRQ�RI�&RUGLOOHUDQ�FRQLIHU�ODQGVFDSHV�RI�
1RUWK�$PHULFD�������-XQH������)ODJVWDII��$=��*HQ��7HFK��5HS��
50������)RUW�&ROOLQV��&2��5RFN\�0RXQWDLQ�5HVHDUFK�6WDWLRQ��
p. 54-61.

6LHJ��&��+���3KLOOLSV��%��*��0RVHU��/��3��������([RWLF�,QYDVLYH�
3ODQWV��,Q��3��)ULHGHULFL��HG��(FRORJLFDO�5HVWRUDWLRQ�RI�
6RXWKZHVWHUQ�3RQGHURVD�3LQH�)RUHVWV��:DVKLQJWRQ��'&��,VODQG�
3UHVV������������UHIV�

The content of this paper reflects the views of the author(s), who are 
responsible for the facts and accuracy of the information presented 
herein.

7DOERW��0��:���+LOO��5��5��������3URJUHVV�UHSRUW�RQ�WKH�UDQJH�VWXG\�
plots on the Coconino National Forest comprising a description 
RI�SURMHFW�DQG�GLJHVW�RI�GDWD��8QSXE��3DS��RQ�¿OH�DW�)ODJVWDII��
$=��8�6��'HSDUWPHQW�RI�$JULFXOWXUH��)RUHVW�6HUYLFH��5RFN\�
0RXQWDLQ�5HVHDUFK�6WDWLRQ��)RUW�9DOOH\�([SHULPHQWDO�)RUHVW�
DUFKLYHV�����S�

8�6��'HSDUWPHQW�RI�$JULFXOWXUH�)RUHVW�6HUYLFH��������5DQJH�SODQW�
KDQGERRN��:DVKLQJWRQ��'&��8�6��*RYHUQPHQW�3ULQWLQJ�2I¿FH��
512 p.
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Introduction

Water yield improvement has been a historical manage-
ment objective for ponderosa pine (Pinus ponderosa��IRUHVWV�
LQ�WKH�6RXWKZHVW��:KLOH�LWV�UHODWLYH�LPSRUWDQFH�KDV�GHFOLQHG�
in recent years as management for other ecosystem values 
increase, it is still an important consideration. There are two 
general options and combinations of these options available 
to modify a forest to meet watershed management goals and 
objectives. These options are completely or partially clearing 
tree overstories to create openings of different sizes, shapes, 
DQG� RULHQWDWLRQV�� WKLQQLQJ� WUHH� GHQVLWLHV� WR� YDU\LQJ� LQWHQVL-
WLHV��DQG�FRPELQDWLRQV�RI�FOHDULQJ�DQG�WKLQQLQJ�WUHDWPHQWV�

The size of the Fort Valley Experimental Forest, its to-
pography, and the character of the drainage network are not 
FRQGXFLYH� WR� ZDWHUVKHG�VFDOH� K\GURORJLF� VWXGLHV�� 7KH� ¿UVW�
8�6��)RUHVW�6HUYLFH�ZDWHUVKHG�VWXG\�ZDV�LQLWLDWHG�DW�:DJRQ�
:KHHO� *DS� LQ� &RORUDGR� LQ� ����� �%DWHV� DQG�+HQU\� �������
Larger-scale hydrologic studies at Fraser Experimental 
)RUHVW� LQ� &RORUDGR� DQG� 6LHUUD�$QFKD� ([SHULPHQWDO� )RUHVW�
LQ�$UL]RQD��*RWWIULHG�DQG�RWKHUV�����D��GLG�QRW�EHJLQ�XQWLO�
WKH� ����V�� 7KH� %HDYHU� &UHHN� ZDWHUVKHG� VWXGLHV� IROORZHG�
ODWHU�LQ�WKH�PLG�����V��%DNHU�DQG�)IROOLRWW��������+RZHYHU��

In: 2OEHUGLQJ��6XVDQ�'���DQG�0RRUH��0DUJDUHW�0���WHFK�FRRUGV��������)RUW�9DOOH\�([SHULPHQWDO�)RUHVW²$�&HQWXU\�RI�5HVHDUFK������������
3URFHHGLQJV�5056�3�����)RUW�&ROOLQV��&2��8�6��'HSDUWPHQW�RI�$JULFXOWXUH��)RUHVW�6HUYLFH��5RFN\�0RXQWDLQ�5HVHDUFK�6WDWLRQ������S�

1 References for many of the earlier silvicultural studies at Fort 
Valley are found in a series of bibliographies compiled by 
Axelton (1967, 1974, 1977). References on ponderosa pine 
research in addition to the studies at Fort Valley are also 
listed in these bibliographies.

Contributions of Silvicultural Studies at Fort Valley to 
Watershed Management of Arizona’s Ponderosa Pine Forests

Gerald J. Gottfried, Research Forester, USFS Rocky Mountain Research 
Station, Forests and Woodlands Program, Phoenix, AZ; Peter F. 
Ffolliott, University of Arizona, School of Natural Resources, Tucson, 
AZ; and Daniel G. Neary, USFS Rocky Mountain Research Station, 
Flagstaff, AZ

Abstract—Watershed management and water yield augmentation have been important 
objectives for chaparral, ponderosa pine, and mixed conifer management in Arizona and 
New Mexico. The ponderosa pine forests and other vegetation types generally occur in rela-
tively high precipitation zones where the potential for increased water yields is great. The 
ponderosa pine forests have been the subject of numerous research and management ac-
tivities. Although the size, topography, and drainage patterns of the Fort Valley Experimental 
Forest are not conducive to watershed-scale hydrologic studies, results from Fort Valley have 
demonstrated the potential of silvicultural options to increase water yields. These included 
creating openings of different sizes, shapes, and orientations, or reducing stand densities or 
combinations of the two. While the importance of managing forests for water yield improve-
ment has declined, it is still a consideration in multi-resource planning. This paper reviews 
silvicultural prescriptions employed on some of the major watershed research studies within 
the ponderosa pine forests and discusses their management implications.

results from the long history of silvicultural studies on the 
)RUW� 9DOOH\� ([SHULPHQWDO� )RUHVW� �3HDUVRQ� ������ 6FKXEHUW�
������DQG�RWKHU�UHVHDUFKHUV1��SURYLGHG�WKH�EDVLF�IRXQGDWLRQ�
for prescribing water yield improvement options to test in 
the ponderosa pine forests on the Beaver Creek and Castle 
&UHHN�ZDWHUVKHGV��)LJXUH�����7KH�IRXU�FDVH�VWXGLHV�SUHVHQWHG�
below describe some of the silvicultural treatments imposed 
on these watersheds and the results and conclusions. They 
also suggest options available for multi-resource forest 
management. Further details of these and other water-yield 
improvement treatments based on Fort Valley silvicultural 
studies and the results are found in the literature that evolved 
IURP�WKHVH�HIIRUWV�DQG�DW�WKH�ZHE�VLWH��KWWS���DJ�DUL]RQD�HGX�
2$/6�ZDWHUVKHG��
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ARIZONA

Castle Creek

Watershed

Beaver Creek Watershed

Salt River
Verde River

Phoenix

Flagstaff

Figure 1. The major Arizona watershed study areas discussed in this paper are located within the Salt-Verde River Basin, which 
provides water for Phoenix and adjacent communities in the Salt River Valley. Ponderosa pine forests are located along the 
Mogollon Rim, on the southern Colorado Plateau, and at higher elevations throughout Arizona. The figure is adapted from 
Brown and others (1974).
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Complete Clearing of  
Tree Overstories

7KH� 8�6�� )RUHVW� 6HUYLFH� HVWDEOLVKHG� WKH� %HDYHU� &UHHN�
ZDWHUVKHGV�� DERXW� ��� NP� ���� PLOHV�� VRXWK� RI� )ODJVWDII�
�)LJXUH�����WR�VWXG\�WKH�SRWHQWLDO�IRU�LQFUHDVLQJ�ZDWHU�\LHOGV�
IURP� SRQGHURVD� SLQH� IRUHVWV� LQ� WKH� 6DOW�9HUGH�5LYHU�%DVLQ�
�%DNHU��������3DLUHG�ZDWHUVKHGV�ZHUH�XVHG� WR�HYDOXDWH� WKH�
potential for water yield augmentation. The analyses com-
pare results from treated watersheds with conditions on 
untreated watersheds for the same time period. The ponder-
RVD�SLQH�ZDWHUVKHGV�DUH�ORFDWHG�DERYH�������P��������IW��LQ�
elevation where annual precipitation averages between 508 
DQG�����PP�����DQG����LQFKHV���7KH�LPSDFWV�RI�VLOYLFXOWXUDO�
treatments on herbage production and wildlife habitats were 
important parts of this effort. Questions about the impacts of 
treatments on soil physical and chemical characteristics were 
not addressed in these early studies.

:DWHUVKHG� ��� LV� D� ����KD� �����DFUHV�� LQVWUXPHQWHG�
catchment on the larger Beaver Creek watershed that was 
FRPSOHWHO\�FOHDUHG�LQ������DQG������WR�HYDOXDWH�WKH�HIIHFWV�
RI� WKLV�³PRVW�GUDVWLF´� VLOYLFXOWXUDO� WUHDWPHQW�RQ�VWUHDPÀRZ�
�%DNHU��������7KH�RYHUVWRU\�FRQVLVWHG�RI�SRQGHURVD�SLQH�DQG�
LQWHUPLQJOLQJ�*DPEHO�RDN��Quercus gambelii��DQG�DOOLJDWRU�
juniper (Juniperus deppeana��� 2QFH� FXW�� WKH� PHUFKDQWDEOH�
wood was removed and residual slash was piled in parallel 
windrows that were aligned perpendicular to the stream chan-
QHO�WR�IDFLOLWDWH�D�PRUH�GLUHFW�WUDQVSRUW�RI�RYHUODQG�ÀRZ�LQWR�
the channel. While the original treatment prescription called 
IRU�KHUELFLGH�FRQWURO�RI�SRVW�WUHDWPHQW�*DPEHO�RDN�DQG�DO-
OLJDWRU�MXQLSHU�VSURXWV��VXEVHTXHQW�FKHPLFDO�XVH�UHVWULFWLRQV�
prevented implementation of this treatment phase.

5VTGCOĠQY�4GURQPUG
6WUHDPÀRZ� LQFUHDVHG� IRU� VHYHQ� \HDUV� RQ�:DWHUVKHG� ���

following the complete clearing of the tree overstory (Baker 
�������7KH�DYHUDJH�VWUHDPÀRZ�LQFUHDVH�ZLWK�WKH�VWDQGDUG�HU-
URU�ZDV��������PP������������LQFKHV���RU������������SHUFHQW��
7KH�ODUJHVW�DQQXDO�LQFUHDVH�RI�����PP������LQFKHV��RFFXUUHG�
LQ�������RQH�RI�WKH�ZHWWHVW�\HDUV�LQ�WKH�UHJLRQ��7KH�LQFUHDVH�LQ�
VWUHDPÀRZ�ZDV�SULPDULO\�GXH�WR�WKH�GHFUHDVH�LQ�ZDWHU�ORVV�E\�
transpiration (Baker 1986, Baker and Ffolliott 1999, Brown 
DQG� RWKHUV� ������� 0RUH� RYHUODQG� ÀRZ� DOVR� UHVXOWHG� IURP�
melting snowpacks—the primary source of annual stream-
ÀRZ�IURP�WKH�ZDWHUVKHG²GXH�WR�D�UHGXFWLRQ�LQ�VRLO�PRLVWXUH�
GH¿FLWV��7KH�ZLQGURZHG�VODVK�WUDSSHG�VQRZ�DQG�GHOD\HG�PHOW�
rates on the lee sides of the windrows until the ambient tem-
perature increased enough to rapidly melt snow. As a result, 
PRUH�RI�WKH�RYHUODQG�ÀRZ�UHDFKHG�WKH�VWUHDP�FKDQQHOV��%DNHU�
�������:LWKLQ�VHYHQ�\HDUV�IROORZLQJ�WKH�FOHDULQJ�WUHDWPHQW��
YHJHWDWLRQ� UHFRYHUHG� VXI¿FLHQWO\� VR� WKDW� WKH� LQLWLDO� VRLO� 
water depletion was about the same as under the pre-treatment 
FRYHU�� 6HGLPHQW� \LHOGV� DUH� JHQHUDOO\� VPDOO� IURP� XQWUHDWHG�
stands on soils derived from basalt parent material. Average 
DQQXDO�\LHOG�ZDV�DERXW����� W�KD������ WRQV�DFUH���%URZQ�DQG� 

RWKHUV��������6HGLPHQW�\LHOG�LQFUHDVHV�IROORZLQJ�WKH�FOHDULQJ�
WUHDWPHQW�UDQJHG�IURP������WR������W�KD�������WR����WRQV�DFUH���
The highest value occurred immediately after treatment and 
SUREDEO\�UHÀHFWV�WKH�PD[LPXP�VHGLPHQW�ORVV�SRWHQWLDO�IURP�
similar watersheds.

Silvicultural Impacts

The treatment removed Watershed 12 from timber pro-
duction into the foreseeable future, but it could be managed 
for forage production, wildlife habitats, and watershed pro-
WHFWLRQ��6WRFNLQJ�E\�QDWXUDO�UHJHQHUDWLRQ�RI�SRQGHURVD�SLQH�
seedlings declined from 65 percent in the pre-treatment con-
ditions to about 15 percent after the clearing treatment, only 
5 percent of the watershed was stocked with seedlings that 
KDG�JHUPLQDWHG� VLQFH� WKH� WUHDWPHQW� �)IROOLRWW� DQG�*RWWIULHG�
������� 6WRFNLQJ� UHPDLQHG� UHODWLYHO\� FRQVWDQW� IRU� ��� \HDUV�
IROORZLQJ� WKH�FOHDULQJ� WUHDWPHQW� �ODVW� LQYHQWRULHG� LQ��������
At this time, it appears unlikely that the watershed could 
EH�PDQDJHG� IRU� IXWXUH� WLPEHU� SURGXFWLRQ�ZLWKRXW� DUWL¿FLDO�
regeneration.

*DPEHO�RDN�DQG�DOOLJDWRU�MXQLSHU�VSURXWV�ZHUH�QXPHURXV�
DQG� UHPDLQHG� YLJRURXV� LQWR� WKH� HDUO\� ����V�� 6LOYLFXOWXUDO�
VWXGLHV� DW� )RUW�9DOOH\� �6FKXEHUW� DQG�RWKHUV� ������6FKXEHUW�
������VXJJHVW� WKDW�DUWL¿FLDO� UHJHQHUDWLRQ�RI�SRQGHURVD�SLQH�
must be initiated soon after clearings to minimize the prob-
OHPV� RI� FRPSHWLQJ� YHJHWDWLRQ�� $UWL¿FLDO� UHJHQHUDWLRQ� ZDV�
not prescribed for Watershed 12. However, management 
goals other than “traditional timber production” are possible 
�%DNHU� DQG� )IROOLRWW� ������� ,QFUHDVHV� LQ� WKH� SURGXFWLRQ� RI�
forage plants can improve the potential for livestock graz-
LQJ��%DNHU� DQG�)IROOLRWW� ������� UHSRUW� DYHUDJH� LQFUHDVHV� LQ�
the production of forage and non-forage understory species 
RI� DERXW� ���� NJ�KD� ����� OE�DFUH�� DIWHU� FRPSOHWH� RYHUVWRU\�
removal at Beaver Creek. Untreated ponderosa pine forests 
LQ� WKLV� DUHD� XVXDOO\� SURGXFH� DERXW� ���� NJ�KD� ����� OE�DFUH��
annually of grasses, forbs, half-shrubs, and shrubs (Brown 
DQG�RWKHUV� �������$Q�DEXQGDQFH�RI� SRVW�WUHDWPHQW�*DPEHO�
RDN�VSURXWV�LV�DOVR�EHQH¿FLDO�WR�ELJ�JDPH�DQG�RWKHU�ZLOGOLIH�
VSHFLHV��)IROOLRWW�DQG�*RWWIULHG��������7KH�FOHDULQJ�WUHDWPHQW�
created a more diverse landscape for wildlife by breaking 
up the largely continuous ponderosa pine cover in the im-
mediate area. This landscape is more aesthetically pleasing. 
*DPEHO�RDN�DQG�DOOLJDWRU�VSURXWV�DOVR�SURGXFH�¿UHZRRG�IRU�
local inhabitants.

Thinning of Tree Densities

7KH�WUHH�RYHUVWRU\�RQ�WKH�����KD������DFUHV��%HDYHU�&UHHN�
:DWHUVKHG����ZDV�FRPPHUFLDOO\�KDUYHVWHG�E\�JURXS� VHOHF-
tion and the remaining ponderosa pine trees were uniformly 
thinned in 1969. This left residual stands in even-aged groups 
DW�D�EDVDO�DUHD�OHYHO�RI�DERXW�����P2�KD�����IW2�DFUH���:KLOH�WKH�
prescribed basal area level was less than the “general guide-
line” for the region at the time of the treatment (Ffolliott and 
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Figure 2. The Beaver Creek watershed is upstream from the junction of Beaver Creek and the Verde River. The three 
vegetation types found on the watershed are ponderosa pine, pinyon-juniper, and semi-desert shrubs. Twenty 
pilot watersheds within the Beaver Creek watershed were installed to test the effects of vegetation management 
practices on water yield and other resources. The figure is adapted from Baker and Ffolliott 1998.

RWKHUV� ������� LW�ZDV� FRQVLGHUHG� DERYH� WKH� OHYHO�ZKHUH� H[-
cessive windthrow of residual ponderosa pine trees might 
occur. It was also “slightly above” the initial thinning level 
of 6.9 m2�KD�����IW2�DFUH��RQ�WKH�*URZLQJ�6WRFN�/HYHO�SORWV�DW�
Taylor Woods in the Fort Valley Experimental Forest (Myers 
������ 5RQFR� DQG� RWKHUV� ������ 6FKXEHUW� ������� *URZLQJ�
VWRFN�OHYHOV�DUH�QXPHULFDO�LQGLFHV�GH¿QLQJ�WKH�EDVDO�DUHD�LQ�
VTXDUH� IHHW� SHU� DFUH� WKDW� UHVLGXDO� VWDQGV� KDYH� RU�ZLOO� KDYH�
ZKHQ�WKH�DYHUDJH�GLDPHWHU��EUHDVW�KLJK��GEK���RI�WKH�WKLQQHG�
VWDQG�LV����FP�����LQFKHV��RU�PRUH��:LWK�WKH�H[FHSWLRQ�RI�GHQ�
WUHHV��*DPEHO�RDN�WUHHV�ODUJHU�WKDQ����FP�����LQFKHV��LQ�GEK�
were removed from the watershed and all alligator juniper 
WUHHV�ZHUH�FXW�UHJDUGOHVV�RI� WKHLU�VL]H��6HYHQW\�¿YH�SHUFHQW�
of the original basal area was removed from the watershed 
leaving an average of about 4.6 m2�KD�����IW2�DFUH��RI�EDVDO�
DUHD�LQ�WUHHV����FP����LQFKHV��DQG�ODUJHU�DW�GEK��6ODVK�ZDV�
piled in windrows in a manner similar to the treatment on 
Watershed 12.

5VTGCOĠQY�4GURQPUG

6LJQL¿FDQW� VWUHDPÀRZ� LQFUHDVHV� SHUVLVWHG� IRU� ��� \HDUV�
following the thinning treatment (Baker 1986, Baker and 
)IROOLRWW�������%URZQ�DQG�RWKHUV��������7KH�DYHUDJH�DQQXDO�
VWUHDPÀRZ�LQFUHDVH�ZDV��������PP������������LQFKHV��DQG�
UDQJHG�IURP����WR����SHUFHQW�DERYH�WKH�SUHGLFWHG�VWUHDPÀRZ�
if the watershed had remained untreated. The post-treatment 
VWUHDPÀRZ� UHVSRQVH� ZDV� FRQVLGHUHG� WKH� UHVXOW� RI� UHGXFHG�
WUDQVSLUDWLRQ�ORVVHV�DQG�LQFUHDVHG�HI¿FLHQF\�LQ�WKH�WUDQVSRUW�
RI�RYHUODQG�ÀRZ�WR�WKH�VWUHDP�FKDQQHO��,W�DSSHDUHG�WKDW�WKH�
UHVLGXDO� ZLQGURZHG� VODVK� LQÀXHQFHG� VQRZSDFN� DFFXPXOD-
tion and melt patterns in a manner similar to that observed 
RQ�:DWHUVKHG�����$QQXDO�VHGLPHQW�\LHOGV�ZHUH�EHWZHHQ������
DQG������W�KD�������DQG������WRQV�DFUH��IROORZLQJ�WUHDWPHQW�
�%URZQ�DQG�RWKHUV�������
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Silvicultural Impacts

The treatment resulted in a large initial reduction in the 
number of trees, basal area, and volume per acre. However, 
the stand is currently recovering but the levels are still less 
than before the treatment. An inventory conducted 25 years 
after the treatment indicated that the basal area and volume 
of the residual trees increased on a per acre basis while the 
number of trees remained essentially the same (Ffolliott and 
RWKHUV��������5HVHDUFKHUV�K\SRWKHVL]HG�DW�WKH�WLPH�WUHDWPHQW�
was implemented that basal area and volume would continue 
to increase as the residual trees increased in size. The trends 
REVHUYHG�RQ�:DWHUVKHG����ZHUH�VLPLODU�WR�WKRVH�UHSRUWHG�LQ�
HDUOLHU�WKLQQLQJ�VWXGLHV�E\�*DLQHV�DQG�.RWRN���������0\HUV�
DQG� 0DUWLQ� �������� 3HDUVRQ� �������� 6FKXEHUW� �������� DQG�
RWKHUV�� 6WRFNLQJ� RI� QDWXUDO� UHJHQHUDWLRQ� ZDV� VHYHUHO\� UH-
duced by the treatment from over 50 percent before to less 
than 2 percent immediately after thinning. The initial loss in 
natural regeneration was temporary. Nearly 40 percent of the 
watershed became re-stocked with natural regeneration with-
LQ����\HDUV�RI� WKH�WKLQQLQJ��)IROOLRWW�DQG�RWKHUV��������7KH�
VFDUL¿HG�VRLO�VXUIDFH�UHVXOWLQJ�IURP�WKH�WUHDWPHQW�SURYLGHG�D�
IDYRUDEOH�EHG�IRU�JHUPLQDWLRQ�RI�VHHGV�GLVSHUVHG�LQ�WKH������
DQG������VHHG�\HDUV����DQG���\HDUV�IROORZLQJ�WKH�WUHDWPHQW��
UHVSHFWLYHO\���7KH�UHVXOWLQJ�VWRFNLQJ�OHYHO�ZDV�DERXW����SHU-
FHQW�KLJKHU�WKDQ�WKDW�REVHUYHG����\HDUV�DIWHU�WKH�WUHHV�ZHUH�
FOHDUHG�RQ�:DWHUVKHG�����)IROOLRWW�DQG�*RWWIULHG�������

:KLOH� WKH� LQWHJULW\� RI� IXWXUH� VWDQGV� RQ� :DWHUVKHG� ���
should be retained at relatively low density levels, it is un-
likely that timber production can be sustained (Ffolliott and 
RWKHUV��������0DQDJLQJ�IRU�RWKHU�UHVRXUFH�YDOXHV�LV�D�PRUH�
SODXVLEOH� VFHQDULR� �%DNHU� DQG� )IROOLRWW� ������� ,QFUHDVHV� LQ�
forage production relative to pre-treatment conditions should 
FRQWLQXH�LQWR�WKH�QHDU�IXWXUH��:DWHUVKHG����SURGXFHG�DQ�DQ-
QXDO�DYHUDJH�RI�����NJ�KD������OE�DFUH��RI�DGGLWLRQDO�KHUEDJH�
IROORZLQJ�WUHDWPHQW��%URZQ�DQG�RWKHUV��������&ODU\��������
indicated that herbage production under thinned stands was 
VLJQL¿FDQWO\� JUHDWHU� WKDQ� XQGHU� XQWKLQQHG� VWDQGV� IRU� JLYHQ�
basal areas of less than 16.1 m2�KD�����IW2��DFUH���7KH�KDEL-
tats for many wildlife species have been enhanced largely 
because of the combined increased forage production and 
retention of protective cover.

Combined Clearing and 
Thinning of Tree Overstories

A combined stripcut-thinning treatment was carried out on 
WKH�����KD��������DFUH��%HDYHU�&UHHN�:DWHUVKHG����LQ������
DQG�������7UHHV�ZHUH�FOHDUHG�LQ�DOWHUQDWH�VWULSV����P�����IW��
ZLGH�ZLWK�OHDYH�VWULSV����P������IW��ZLGH��7KH�VWULSFXWV�ZHUH�
irregularly shaped for aesthetic purposes and oriented in the 
general direction of the land slope. Occasional ponderosa pine 
DQG�*DPEHO�RDN�WUHHV�ZHUH�OHIW� LQ�WKH�VWULSFXWV�WR�EUHDN�XS�
WKHLU�FRQWLQXLW\��3RQGHURVD�SLQH�WUHHV�LQ�WKH�LQWHUYHQLQJ�OHDYH�

strips were thinned to 18.4 m2�KD�����IW2�DFUH��E\�D�VLOYLFXOWXU-
al prescription designed to favor size classes in short-supply 
LQ�WKH�UHJLRQ�DW�WKH�WLPH��VSHFL¿FDOO\�WUHHV����WR����FP�����WR�
���LQFKHV��LQ�GEK��7KLQQLQJ�ZDV�EDVHG�RQ�LQGLYLGXDO�JURXSV�
of trees. Dominance was determined by the size class of trees 
with crowns occupying the greatest portion of the area. All of 
the trees in the non-dominant size classes were cut, with the 
exception of those in places where the basal area of the pre-
dominant class was less than 18.4 m2�KD�����IW2�DFUH���*DPEHO�
RDN�RYHU����FP�����LQFKHV��LQ�GEK�ZDV�FXW�XQOHVV�WKHUH�ZDV�
evidence of use as a den tree. All alligator juniper trees were 
cut regardless of size. The stripcut-thinning treatment re-
moved about 40 percent of the basal area on the watershed. 
6ODVK�ZDV�SXVKHG�WR�WKH�FHQWHU�RI� WKH�VWULSFXWV�DQG�EXUQHG��
3RQGHURVD�SLQH�VHHGOLQJV�ZHUH�SODQWHG�LQ�WKH�VWULSFXWV�RQ�WKH�
better sites to supplement natural seedlings that survived the 
thinning treatment.

5VTGCOĠQY�4GURQPUG

The thought behind the combined stripcut-thinning treat-
PHQW�ZDV�WKDW�VWUHDPÀRZ�ZRXOG�LQFUHDVH�EHFDXVH�ZDWHU�ORVV�
E\�WUDQVSLUDWLRQ�ZRXOG�GHFUHDVH�DQG�WKH�HI¿FLHQF\�LQ�WUDQV-
SRUWLQJ�RYHUODQG�ÀRZ�WR�WKH�VWUHDP�FKDQQHO�ZRXOG�LQFUHDVH�
because of the uphill-downhill orientation of the stripcuts. 
,QFUHDVHG�RYHUODQG�ÀRZ�ZDV�DQWLFLSDWHG�EHFDXVH�PRUH�VQRZ�
would accumulate in the stripcuts due to reductions in inter-
ception losses and a re-distribution of snowfall by wind. A 
VLJQL¿FDQW� LQFUHDVH� LQ�VWUHDPÀRZ�ZDV�REVHUYHG�RQ�WKH�ZD-
tershed, but lasted only for 4 years (Baker 1986, Baker and 
)IROOLRWW�������%URZQ�DQG�RWKHUV��������7KH�DYHUDJH�DQQXDO�
SRVW�WUHDWPHQW�VWUHDPÀRZ�LQFUHDVH�ZDV�������PP������������
LQFKHV���RU����WR����SHUFHQW��7KH�VKRUW�GXUDWLRQ�RI�LQFUHDVHG�
VWUHDPÀRZ�ZDV� SRVVLEO\� GXH� WR� WKH� UHFRYHU\� RI� YHJHWDWLRQ�
in the stripcuts, including planted ponderosa pine seedlings 
�)IROOLRWW�DQG�%DNHU�������

Silvicultural Impacts

The combined clearing and thinning treatment removed 
the tree overstory in the stripcuts and left a mosaic of even-
aged stands comprised mostly of trees 20 to 46 cm (8 to 
���LQFKHV��LQ�GEK�LQ�WKH�OHDYH�VWULSV��1XPEHU�RI�WUHHV��EDVDO�
area, and volume per acre of the residual trees in the leave 
strip increased in the initial 25-year post-treatment evalua-
WLRQ�SHULRG��)IROOLRWW�DQG�%DNHU��������7KLV�¿QGLQJ�GLIIHUHG�
from the results of earlier ponderosa pine thinning treatments 
where little or no increase in basal area and volume per acre 
was observed, but where individual trees grew faster once 
UHOHDVHG�E\�WKLQQLQJ��*DLQHV�DQG�.RWRN�������.UDXFK�������
0\HUV�DQG�0DUWLQ�������3HDUVRQ�������DQG�RWKHU�VFLHQWLVWV���
6LPLODU�WUHQGV�WR�HDUOLHU�VWXGLHV�ZHUH�DOVR�REVHUYHG�IROORZ-
LQJ� WKH� WKLQQLQJ� WUHDWPHQW� RQ�%HDYHU�&UHHN�:DWHUVKHG� ����
3HDUVRQ��������EHOLHYHG�WKDW�WKLV�ZDV�UHODWHG�WR�WKH�ORZ�UHVLG-
ual stocking and high mortality of virgin and cutover stands. 
A pre-treatment inventory indicated nearly 20 percent stock-
ing of ponderosa pine seedlings on the entire Watershed 14. 
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6WRFNLQJ�LQ�WKH�OHDYH�VWULSV�ZDV�UHGXFHG�WR�OHVV�WKDQ����SHU-
cent by felling and skidding trees marked for thinning. This 
level remained largely unchanged in the 25 years since the 
WUHDWPHQW� �)IROOLRWW�DQG�%DNHU��������6WRFNLQJ� LQ� WKH�VWULS-
cuts immediately following thinning was unknown, although 
stocking of reproduction in the stripcuts that were planted 
with ponderosa pine seedlings was almost 45 percent in 1996.

The integrity of ponderosa pine stands in the leave strips 
VKRXOG�EH�PDLQWDLQHG�LQWR�WKH�IXWXUH��*URZWK�RI�WKHVH�VWDQGV�
should increase as residual trees in the leave strips increase in 
basal area and volume. However, management of ponderosa 
pine forests has changed from a timber production emphasis 
LQ� WKH�HDUO\�����V� WR�D�PRUH�KROLVWLF�SHUVSHFWLYH�RI�QDWXUDO�
resources management. Current forest management consid-
HUV� RWKHU� HFRV\VWHP�EDVHG��PXOWLSOH�XVH� EHQH¿WV�� ,QFUHDVHV�
in forage production will likely continue in the near future in 
both the stripcuts and leave strips and wildlife habitat should 
improve as a result of increases in forage production, reten-
tion of protective cover in the leave strips, and edge effect 
�HFRWRQH��EHWZHHQ�WKH�FXW�DQG�OHDYH�VWULSV�

Timber Harvesting and 
Thinning of Tree Overstories

The two Castle Creek watersheds in eastern Arizona, 
VRXWK�RI�$OSLQH��)LJXUH�����DUH�SDUW�RI�D�JURXS�RI�SRQGHUR-
sa pine, mixed conifer, or mountain grassland experimental 
ZDWHUVKHGV�ZLWKLQ� WKH�$SDFKH�6LWJUHDYHV�1DWLRQDO� )RUHVWV��
The Castle Creek watersheds were originally established to 
investigate the effects of harvesting timber in ponderosa pine 
IRUHVWV�RQ�VWUHDPÀRZ�YROXPHV�EDVHG�RQ�WKH�³EHVW�WKLQNLQJ´�
RI� 8�6�� )RUHVW� 6HUYLFH� SHUVRQQHO� DW� WKH� WLPH� RI� WUHDWPHQW�
�5LFK�������5LFK�DQG�7KRPSVRQ��������$V�SDUW�RI�WKLV�RYHU-
all effort, a timber harvest and silvicultural treatment was 
DSSOLHG�WR�WKH�����KD������DFUH��:HVW�)RUN�RI�&DVWOH�&UHHN�
LQ������ WKURXJK������ WR�REWDLQ� WLPEHU� UHVRXUFHV�DQG�SODFH�
the remaining tree overstory into the “best growing condition 
possible.” The plan was to initiate movement of the pre- 
treatment uneven-aged stand structures to an even-aged sys-
tem of management. The adjacent East Fork watershed was 
maintained as the hydrologic control.

The timber harvesting operation involved clearing one-
VL[WK�RI�:HVW�)RUN�LQ�RSHQLQJV��EORFNV��¿WWHG�WR�WKH�H[LVWLQJ�
stands of over-mature and unneeded tree size-classes. The 
UHPDLQLQJ�¿YH�VL[WKV�ZHUH�WKLQQHG�WR�UHPRYH�SRRU�ULVN�DQG�
over-mature trees, mature trees necessary to release crop 
trees, damaged trees, and all trees infected with dwarf mistle-
toe (Arceuthobium vaginatum var. cryptopodum�� �*RWWIULHG�
DQG�'H%DQR�������*RWWIULHG�DQG�RWKHUV�����E���7KLV� WUHDW-
ment phase “mimicked” a shelterwood system at a growing 
OHYHO� RI� DERXW� ����� P2 �KD� ���� IW2 �DFUH��� 7KH� LGHD� ZDV� WR�
simulate “commercial timber management” by initiating a 
120-year rotation with a 20-year cutting cycle. This manage-
ment model was based on the results of earlier silvicultural 
VWXGLHV�DW�)RUW�9DOOH\�DQG�ODWHU�SURSRVHG�E\�6FKXEHUW��������

and others to produce the “highest possible” sustained yield 
RI�KLJK�TXDOLW\�WUHHV��$ERXW����SHUFHQW�RI�WKH�RULJLQDO�EDVDO�
DUHD�RI����P2 �KD������IW2��DFUH��ZDV�UHPRYHG�E\�WKLV�KDUYHVW-
ing and thinning treatment.

5VTGCOĠQY�4GURQPUG

,QFUHDVHV� LQ� VWUHDPÀRZ� RQ�:HVW� )RUN� UHPDLQHG� ODUJHO\�
VWDEOH�DW����PP������LQFKHV���RU�DERXW����SHUFHQW��IRU�PRUH�
WKDQ� ��� \HDUV� DIWHU� LPSOHPHQWLQJ� WKLV� WUHDWPHQW� �*RWWIULHG�
DQG�RWKHUV�����E���7KHVH�LQFUHDVHV�DUH�ODUJHO\�DWWULEXWHG�WR�
reduced evapotranspiration rates and increased snowpack ac-
FXPXODWLRQV��*RWWIULHG�DQG�'H%DQR�������5LFK�������5LFK�
DQG� 7KRPSVRQ� ������� 7KH� LQFUHDVHG� VWUHDPÀRZ� ZDV� SUH-
VXPHG�D�FRQVHTXHQFH�RI�QHZ�WUHH�URRWV�QRW�IXOO\�RFFXS\LQJ�
the soil mantle and to the height differences between residual 
trees surrounding the cut openings and regeneration in these 
openings. This caused aerodynamic conditions that increased 
VQRZSDFN�DFFXPXODWLRQV�LQ�WKH�RSHQLQJV��*RWWIULHG�DQG�RWK-
HUV�����E��

Silvicultural Impacts

The treatment on West Fork achieved the original purpose 
of initiating a schedule of harvesting timber and management 
of ponderosa pine stands in a shelterwood system with a ro-
WDWLRQ�RI�����\HDUV�ZLWK�D����\HDU�UH�HQWU\�F\FOH��5LFK�DQG�
7KRPSVRQ��������7KH�SRVW�WUHDWPHQW�VWDQG�VWUXFWXUH�RQ�:HVW�
Fork more closely resembled the initial stages of a balanced 
even-aged condition than did the pre-treatment structure. 
6LOYLFXOWXUDO�VWXGLHV�DW�)RUW�9DOOH\�LQGLFDWHG�WKDW�D�EDODQFHG�
even-aged stand structure has a greater timber-productivity 
SRWHQWLDO�WKDQ�DQ�XQEDODQFHG�VWDQG��3HDUVRQ�������6FKXEHUW�
������DQG�RWKHU�VFLHQWLVWV���+RZHYHU��VLQFH�WLPEHU�SURGXFWLRQ�
is no longer a management emphasis in Arizona’s ponderosa 
pine forests, the main focus at the present time is to obtain 
HFRV\VWHP�EDVHG��PXOWLSOH�XVH�EHQH¿WV��*RWWIULHG�DQG�RWKHUV�
����E���(IIHFWV�RI�WKH�KDUYHVWLQJ�DQG�WKLQQLQJ�WUHDWPHQW�RQ�
West Fork were particularly valuable to wildlife. The mixture 
of forest cover and interspersed cleared blocks provided ex-
FHOOHQW�KDELWDWV�IRU�ELJ�JDPH�VSHFLHV��3DWWRQ�������

Management Implications

5HVXOWV� IURP� WKH� VLOYLFXOWXUDO� VWXGLHV� FRQGXFWHG� DW� )RUW�
Valley were important to planning treatments designed 
to improve water-yields in the ponderosa pine forests of 
WKH� 6RXWKZHVW�� 7KH� UHVHDUFK� SURYLGHG� WKH� IRXQGDWLRQ� IRU�
prescriptions that were evaluated on the experimental water-
sheds at Beaver Creek, Castle Creek, and on other watersheds 
LQ�WKH�VWDWH��6XEVHTXHQW�¿QGLQJV�IURP�WKHVH�³ZDWHUVKHG�H[-
periments” have become major contributions of the Arizona 
:DWHUVKHG� 3URJUDP��7KLV� LQLWLDWLYH�ZDV� IRUPHG� LQ� WKH� ODWH�
����V� E\� WKH� 8�6�� )RUHVW� 6HUYLFH� DQG� LWV� FRRSHUDWRUV� WR�
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DVFHUWDLQ� WKH� SRWHQWLDOV� IRU� LQFUHDVLQJ� VWUHDPÀRZ� IURP� WKH�
upland watersheds by manipulating forest and other vegeta-
WLYH�FRYHUV��)R[�DQG�RWKHUV��������7KH�VWXGLHV�GHPRQVWUDWHG�
increased water yields when watersheds were cleared and 
ZKHQ�VWDQG�GHQVLWLHV�ZHUH�UHGXFHG��6RPH�VWXGLHV�VXFK�DV�WKH�
strip cutting and thinning on Watershed 14 and the openings 
and improvement harvest at Castle Creek employed a com-
bination of strategies. Improved water yields are attributed to 
reductions in stand evapotranspiration or to the redistribution 
DQG�GLIIHUHQWLDO�PHOWLQJ�RI�VQRZ��$OO�WUHDWPHQWV�ZHUH�EHQH¿-
cial for wildlife and range resources depending on opening 
characteristics and degree of canopy reductions. Much of the 
accumulated knowledge gained in the program’s 40 years 
provides today’s managers with a better, more holistic, and 
perhaps, more realistic basis for management of the natu-
ral resources in Arizona’s ponderosa pine forests. The case 
studies presented in this paper represent only a few of the 
contributions to watershed management from the Fort Valley 
silvicultural studies. Other examples are found in the litera-
ture that evolved from the watershed program.
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Introduction

5HVHDUFK� DW� )RUW� 9DOOH\� ([SHULPHQWDO� )RUHVW� �3HDUVRQ�
������ EHJDQ�ZLWK� VWXGLHV� WR� GHWHUPLQH� WKH� EHVW� VLOYLFXOWXU-
al practices for timber production of southwestern yellow 
pine (Pinus ponderosa��� %HVLGHV� LVVXHV� RI� VWRFNLQJ� OHYHOV�
and cutting cycles, this work sought economical methods 
for reducing losses from various physical factors and biotic 
agents. One of the most important of these agents was the 
southwestern dwarf mistletoe (Arceuthobium vaginatum���
The early research in forest pathology and entomology was 
conducted by long-term monitoring on a series of silviculture 
SORWV� �7DEOH����DQG� ODWHU�E\�VSHFL¿F� OLIH�KLVWRU\�VWXGLHV��$V�
D�FRQVHTXHQFH�RI�YLUJLQ� VWDQG�FRQGLWLRQV�� LQLWLDO�KDUYHVWLQJ�
practices, and abundant natural regeneration circa 1919, the 
stands that developed on the silviculture plots consisted of 
a mistletoe-infected overstory and an understory showered 
ZLWK�PLVWOHWRH� VHHGV��6LQFH�PLVWOHWRH� UHTXLUHV�D� OLYLQJ�KRVW�
and disperses a short distance, killing the infected overstory 
or pruning infected branches were logical controls for protect-
ing the regeneration. Besides silviculture and control studies 
with infested plots, research included comparisons of stand 
growth and yield to plots with little or no mistletoe. After 
D� KDOI�FHQWXU\�� D� VLOYLFXOWXUH� IRXQGDWLRQ� IRU� WKH� 6RXWKZHVW�
ZDV�HVWDEOLVKHG��(JDQ�������*DLQHV�DQG�6KDZ��������6RRQ�
after this, however, sentiment shifted to concern over for-
HVW�KHDOWK�LQ�JHQHUDO��'DKPV�DQG�*HLOV�������DQG�PLVWOHWRH�
control in particular as more damaging than the disease itself 
�&RQNOLQ� �������7KLV� UHYLHZ�EULHÀ\� H[DPLQHV� D� FHQWXU\� RI�
forest pathology and entomology research at Fort Valley and 
E\�DVVRFLDWHG�VFLHQWLVWV�LQ�WKH�6RXWKZHVW��DOVR�VHH�$SSHQGL[���
This history illustrates the importance of Fort Valley research 
for a better understanding of the relevance of geography and 
evolution of ecosystems and societies.

7KH�6RXWKZHVW� IRUHVWV� VKDUH�PDQ\� IRUHVW� SDWKRJHQV� DQG�
insects with other western regions, yet the individual species 
DQG�WKHLU�EHKDYLRU�DUH�UHJLRQDOO\�GLVWLQFWLYH��3HDUVRQ��������

5HVHDUFK� DW� )RUW�9DOOH\� FRQWULEXWHV� WR� DQ� XQGHUVWDQGLQJ� RI�
forest pathogens and insects applicable both generally across 
WKH�:HVW�DQG�VSHFL¿FDOO\�ZLWKLQ�WKH�6RXWKZHVW��*HQHUDO�UH-
search concepts developed in one region can be used widely, 
EXW�PDQ\� UHODWLRQVKLSV� QHHG� WR� EH�¿W� IRU� D� VSHFL¿F� UHJLRQ��
7KH� )RUW�9DOOH\�([SHULPHQWDO� )RUHVW� KDV� ¿OOHG� WKH� JHQHUDO�
DQG� VSHFL¿F� UROHV� RI� UHVHDUFK� E\� VHUYLQJ� DV� DQ� LQGLYLGXDO�
experimental forest for long-term, plot-level research, by 
contributing to comparative, regional studies, and by its sci-
entists integrating information from multiple regions and 
disciplines into useful management tools.

Southwestern Dwarf Mistletoe

Silviculture Plots

2I�IRUHVW�SDWKRJHQV�LQ�WKH�6RXWKZHVW��WKH�PRVW�FRPPRQ�
DQG� GDPDJLQJ� DUH� FOHDUO\� WKH� PLVWOHWRHV� �*HLOV� DQG� RWK-
HUV� ������+DZNVZRUWK� DQG� RWKHUV� �������'ZDUI�PLVWOHWRHV�
(Arceuthobium�VSS���DUH�ORQJ�OLYHG��REOLJDWH��DHULDO�SDUDVLWHV�
RI� FRQLIHUV�� WKH\� GLVSHUVH� ORFDOO\� E\� EDOOLVWLF� GLVFKDUJH� RI�
moderately large seeds. Trees infected by southwestern dwarf 
mistletoe form characteristic, large brooms clearly shown in 
PDQ\�ROG�$UL]RQD�SKRWRJUDSKV��VHH�0RLU�DQG�RWKHUV������IRU�
����� SKRWRJUDSK� E\�*LIIRUG� 3LQFKRW��� ,Q� WKH� ����V�� GZDUI�
mistletoe was common and already recognized as poten-
WLDOO\�GDPDJLQJ� �0DF'RXJDO��������$W�)RUW�9DOOH\��%XUUDOO�
�������HVWDEOLVKHG�WKH�¿UVW�NQRZQ�SORW�WR�TXDQWLI\�WKH�HIIHFWV�
of southwestern dwarf mistletoe on tree growth. Assistant 
6RXWKZHVW� )RUHVWHU��7�� 6��:RROVH\�� -U��ZHOO� XQGHUVWRRG� WKH�
general biology and pathology of this mistletoe and declared 
LW�D�³VHULRXV�PHQDFH´�WR�SRQGHURVD�SLQH��:RROVH\��������,Q�
������:LOOLDP�³'RF´�/RQJ�ZDV�DSSRLQWHG�DV�WKH�¿UVW�UHJLRQDO�
forest pathologist and given the assignment to study how to 
reduce losses in the Mountain West from mistletoe, decay, 
and rust. Although Doc Long and later other pathologists and 

Forest Pathology and Entomology at Fort Valley  
Experimental Forest

Brian W. Geils, USFS, Rocky Mountain Research Station, Flagstaff, AZ

Abstract—Forest pathology and entomology have been researched at Fort Valley Experimental 
Forest throughout its history. The pathogens and insects of particular interest are mistletoes, 
decay and canker fungi, rusts, bark beetles, and various defoliators. Studies on life history, bi-
otic interactions, impacts, and control have been published and incorporated into silvicultural 
programs. A brief review of select pathogens and insects illustrates the evolution of research 
problems, approaches, and applications. Southwestern dwarf mistletoe, a serious pathogen 
of ponderosa pine, provides a case history of research transitioning from eradication methods 
for a menacing pest to adaptive management for an ecological keystone species.
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Table 1. Silviculture study plots at Fort Valley infested with dwarf mistletoe.

 Silviculture plot

Reference Burrall S1a S2b S3c S5

Burrall (1910) establish study  
 on effects to  
 tree growth
Pearson (1918)  reproduction and  reproduction and reproduction and  
  stand yield, 1909  stand yield, 1909 stand yield, 1909  
  to 1914  to 1914 to 1914
Korstian and Long  effects on tree  effects on tree effects on tree 
 (1922) growth  longevity longevity 
Krauch (1930)    20-yr tree mortality 15-yr tree mortality 
    and causes and causes
Hatfield (1933)  establish mistletoe  
  study
Pearson (1933)    tree mortality, stand  
    yield, and reproduction,  
    1901 to 1929
Krauch (1937)    tree growth and tree growth and 
    stand yield stand yield
Pearson (1938)    tree mortality and  
    stand yield
Pearson (1939)    tree mortality tree mortality
Pearson (1940)     yield, mortality by  
     size-class
Pearson and     tree growth and  
 Wadsworth (1941)     mortality,1909 to  
     1939
Chapel (1942)    defect in 1939
Pearson (1944a)    yield loss due yield loss due long 
    long 1st cycle 1st cycle
Pearson (1946)    tree growth in  
    2nd cycle
Meagher and  establish Mistletoe  
 Herman (1951)  Reduction Study  
  (MRS)
Gill and Hawksworth  18-yr observation  10-yr observation 
 (1954)  in Hatfield plots  in 2nd cycle trees
Herman (1961)  MRS, 10-yr observation
Myers and Martin    tree mortality in  
 (1963)    2nd cycle
Heidmann (1968)  MRS, 16-yr  
  observation
Heidmann (1983)  MRS, 27-yr  
  observation
Hawksworth and    vertical spread of  
 Geils (1985)    mistletoe in 2nd 
    cycle trees

a logged 1894.
b logged 1895.
c logged in 1909, second cut in 1939, new plots established in 1977.
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HYHQWXDOO\�HQWRPRORJLVWV�ZHUH�VWDWLRQHG�DW�DQ�$OEXTXHUTXH�
federal lab, they conducted much of their work in the Fort 
Valley area and associated themselves with its research.

*��$��³*XV´�3HDUVRQ��������HVWDEOLVKHG�D�VHULHV�RI�VLOYLFXO-
WXUH�SORWV�DW�)RUW�9DOOH\��7DEOH����DQG�LQFOXGHG�REVHUYDWLRQV�
on mistletoe as a principal cause of defect, growth loss, mor-
tality, and vulnerability to bark beetles and windthrow. This 
¿UVW� VHULHV� RI� )RUW� 9DOOH\� SORWV� ZHUH� LQ� KHDYLO\� KDUYHVWHG�
stands that were soon well stocked with regeneration under 
PLVWOHWRH�LQIHVWHG�RYHUVWRU\�WUHHV��6LQFH�*XV�3HDUVRQ�NQHZ�
mistletoe was lethal to small trees and pine reproduction was 
LQIUHTXHQW�DQG�VXEMHFW�WR�PDQ\�ORVVHV��KLV�¿UVW�SULRULW\�ZDV�
protection of this regeneration. Control methods for mistle-
toe included cutting, poisoning, and pruning overstory trees. 
7KH� UHVHDUFK� SUREOHPV� ZHUH�� ��� WKH� WKUHDW� LQIHFWHG� WUHHV�
SRVHG� WR�QHLJKERUV�DQG�XQGHUVWRU\�����RYHUVWRU\� ORVVHV�GXH�
to growth reduction and mortality directly by mistletoe or by 
ZLQGWKURZ�� DQG���� VWDQG�SURGXFWLYLW\� ORVVHV�GXH� WR� LQFRP-
SOHWH�RFFXSDQF\��7KH�¿UVW�LPSRUWDQW�UHVXOWV�IURP�WKHVH�SORWV�
ZHUH� GHVFULEHG� E\� .RUVWLDQ� DQG� /RQJ� ������� ZKR� UHFRP-
mended management use silviculture to control mistletoe 
VSUHDG� DQG� LQWHQVL¿FDWLRQ� DQG� WKHUHE\� UHGXFH� KRVW� JURZWK�
loss and mortality.

$GGLWLRQDO�VLOYLFXOWXUH�SORWV��7DEOH����HVWDEOLVKHG�DW�)RUW�
Valley represented uncut stands and stands on different soil 
W\SHV��6LQFH�VHYHUDO�RI�WKHVH�SORWV�KDG�OLWWOH�RU�QR�GZDUI�PLV-
tletoe, they provided baseline information on stand growth 
DQG� \LHOG�� 2WKHU� SORWV� HVWDEOLVKHG� E\� +DW¿HOG� ������� DQG�
E\� 0HDJKHU� DQG� +HUPDQ� ������� LQYHVWLJDWHG� VLOYLFXOWXUDO�
prescriptions for controlling mistletoe with least cost and 
OHDVW� UHGXFWLRQ� LQ� IRUHVW� SURGXFWLYLW\�� 3HDUVRQ� ������� FRQ-
cluded his initial efforts at mistletoe control had not been 
VXI¿FLHQWO\� ³GUDVWLF´� WR� UHGXFH� PLVWOHWRH� WR� D� QHJOLJLEOH�
level. Determining the best level of sanitation (removal of 
PLVWOHWRH� LQIHFWLRQV�� LQ� KHDYLO\� LQIHVWHG� VWDQGV�� KRZHYHU��
presented several problems. If the cut were too severe, the 
residuals might be lost to windthrow. If a stand were clear 
FXW�� H[SHQVLYH� DQG� ULVN\�SODQWLQJ�ZRXOG� EH� UHTXLUHG��(YHQ�
LI�FXWWLQJ�OHIW�D�ZHOO�VWRFNHG�DQG�ZLQG�¿UP�VWDQG��PLVWOHWRH�
UHVXUJHQFH� IURP�PLVVHG� RU� ODWHQW� LQIHFWLRQV� ZRXOG� UHTXLUH�
several re-cleanings to control mistletoe. Mistletoe generally 
occurred on larger trees, was distributed in patches, intensi-
¿HG�VORZO\��DQG�FDXVHG�QR�DSSDUHQW�JURZWK�ORVV�RU�PRUWDOLW\�
until the infestation was severe. The immediate goal of full 
VLWH�RFFXSDQF\�ZLWK�WKH�ODUJHVW�WUHHV�FRQÀLFWHG�ZLWK�D�FRQWURO�
objective of eradicating mistletoe from the stand.

7KH� UHVHDUFK� DSSURDFK� XVHG� E\� +DW¿HOG� ������� DQG�
0HDJKHU�DQG�+HUPDQ��������ZDV�WR�FRPSDUH�DOWHUQDWLYH�FRQ-
trol treatments in a few experimental plots. A later approach, 
LQFOXGLQJ�WKH�ZRUN�RI�0\HUV�DQG�RWKHUV���������ZDV�WR�PRGHO�
stand growth and yield as a function of tree density, basal 
DUHD�� DQG�PLVWOHWRH� VHYHULW\�� 5HODWLRQVKLSV�ZHUH� GHYHORSHG�
IURP�QXPHURXV�HYHQ�DJHG�VWDQGV�WKLQQHG��ZLWK�VDQLWDWLRQ��WR�
represent a broad range of growing stock level and mistletoe 
severity. One study was established on a permanent sample 
SORW�6���7DEOH����DQG�PRQLWRUHG�XQWLO�������5HVXOWV�IURP�WKH�
Fort Valley silviculture, control, and growth and yield plots 

KDYH� EHHQ� SXEOLVKHG� �7DEOH� ��� DQG� XVHG� WR� GHYHORS� PDQ-
agement guidelines and simulation models (e.g., Edminster 
������6FKXEHUW��������7KH�)RUW�9DOOH\�SORWV�KDYH�QRW�EHHQ�
remeasured recently, but their well-documented history of 
cutting, growth, and mortality provides an opportunity to ex-
amine the effects of silviculture and mistletoe on long-term 
stand development.

Frank Hawksworth

The silviculture and control plots at Fort Valley were 
complemented with a series of pathology studies directed by 
/DNH�*LOO�DQG�FRQGXFWHG�E\�)UDQN�+DZNVZRUWK��)LJXUH�����
+DZNVZRUWK� ������� LQYHVWLJDWHG� WKH� FUXFLDO� WRSLFV� LQ�PLV-
WOHWRH� SDWKRORJ\²OLIH� KLVWRU\�� VHHG�ÀLJKW�� GLVSHUVDO� SHULRG��
UDWH� RI� VSUHDG�� HIIHFWV� RQ�KRVW� JURZWK� DQG�¿WQHVV�� W\SHV� RI�
witches’ brooms, distribution, and control. Before 1950, the 
severity of mistletoe infection had been variously described 
LQ�VXEMHFWLYH�WHUPV�DQG�OLWWOH�DWWHPSW�KDG�EHHQ�PDGH�WR�TXDQ-
WLI\�WKH�UHODWLRQ�RI�PLVWOHWRH�VHYHULW\�WR�HLWKHU�LQWHQVL¿FDWLRQ�
RU� HIIHFWV�� 8VLQJ� VRXWKZHVWHUQ� GZDUI� PLVWOHWRH±SRQGHURVD�
SLQH�DV�D�PRGHO��+DZNVZRUWK��������GHYLVHG�D�UDWLQJ�V\VWHP�
QRZ�XVHG�JOREDOO\�IRU�TXDQWLI\LQJ�PLVWOHWRH�VHYHULW\�

The Hawksworth studies and rating system provided the 
basis for developing several models of mistletoe spread, 
LQWHQVL¿FDWLRQ�� DQG� HIIHFWV� RQ� KRVW� JURZWK� DQG� VXUYLYDO��
6LOYLFXOWXUDOLVWV� KDG� WUDGLWLRQDOO\� XVHG� VWDQGDUGL]HG� WDEOHV�
RI� \LHOG� E\� DJH�� FRPSXWHU� SURJUDPV� DOORZHG� YDULDEOH� GHQ-
sity tables to be calculated and to include mistletoe effects 
�0\HUV� DQG� RWKHUV� ������� *URZWK� DQG� \LHOG� PRGHOV� VRRQ�
progressed from computation tables of stand averages 
�(GPLQVWHU� DQG� RWKHUV� ������ WR� VLPXODWLRQV� RI� LQGLYLGXDO�
WUHHV��'L[RQ��������6LOYLFXOWXUH�DQG�SDWKRORJ\�VWXGLHV�FRQ-
ducted at Fort Valley provided the fundamental relations used 

Figure 1. Frank G. Hawksworth in 1961 inoculating seedlings 
with dwarf mistletoe. Photo by B. Schacht.
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LQ�WKH�6RXWKZHVW�YDULDQW�RI�WKH�)RUHVW�9HJHWDWLRQ�6LPXODWRU�
�)96���&RLQFLGHQWDOO\��WKH�SULPDU\�DUFKLWHFW�RI�)96��$OEHUW�
6WDJH�� ������� ZDV� D� )RUW� 9DOOH\� VFLHQWLVW�� DQG� WKH� SUHVHQW�
DSSOLFDWLRQV� GLUHFWRU�� *DU\�
Dixon, developed a mistle-
toe spread model (Dixon 
DQG� +DZNVZRUWK� ������� 7KH�
conceptual mistletoe model 
constructed by Hawksworth 
ZDV�DGDSWHG�E\�5RELQVRQ�DQG�
*HLOV� ������� IRU� VSDWLDO� VLPX-
lation of mistletoe dynamics 
in complex stands. Frank 
Hawksworth’s contributions 
LQ�TXDQWLI\LQJ�PLVWOHWRH�ZHUH��
however, only a part of his pro-
ductive career.

Frank Hawksworth was a 
key investigator on mistletoe 
FRQWURO� SURMHFWV� DW� WKH� 6RXWK�
5LP� RI� WKH� *UDQG� &DQ\RQ�
(Lightle and Hawksworth 
������ DQG� RQ� WKH� 0HVFDOHUR�
$SDFKH� ,QGLDQ� 5HVHUYDWLRQ�
(Hawksworth and Lusher 
������� 7KH� *UDQG� &DQ\RQ�
project was an important test 
of the Fort Valley control 
methods (killing and prun-
LQJ�� DSSOLHG� WR� LPSURYH� WUHH�
health and longevity in an old-
growth recreation forest. With 
a long-term record (1949 to 
������RI�FRPSDULVRQ�SORWV��WKH�*UDQG�&DQ\RQ�SURMHFW��VHH�
5RELQVRQ� DQG� *HLOV� ������ ZHOO� FRPSOHPHQWHG� WKH� )RUW�
9DOOH\�VLOYLFXOWXUH�SORWV��2EVHUYDWLRQV�DW�WKH�*UDQG�&DQ\RQ�
demonstrated that reducing the mistletoe population could 
LQFUHDVH� WKH� ORQJHYLW\� RI� UHVLGXDO� ROG�JURZWK� WUHHV� �*HLOV�
DQG� RWKHUV� ������� VWLPXODWH� SLQH� UHJHQHUDWLRQ�� DQG� UHWDUG�
PLVWOHWRH� VSUHDG� DQG� LQWHQVL¿FDWLRQ� �5RELQVRQ� DQG� *HLOV�
�������EXW� WKH� ORQJ�WHUP�HFRORJLFDO� HIIHFWV� DQG�DIIHFWV�RQ�
¿UH�KD]DUG�KDYH�QRW�EHHQ�DVVHVVHG��7KH�0HVFDOHUR�SURMHFW�
was a test of Fort Valley control methods for optimizing 
timber productivity through repeated cleanings aimed at 
mistletoe eradication. Early Fort Valley studies had sub-
stantiated that severe mistletoe infection greatly reduced 
WUHH�JURZWK�DQG�VXUYLYDO��WKH�*UDQG�&DQ\RQ�DQG�0HVFDOHUR�
SURMHFWV� GHPRQVWUDWHG� WKDW� VLJQL¿FDQW� PLVWOHWRH� UHGXFWLRQ�
ZDV�SRVVLEOH�LI�D�VXI¿FLHQW�DQG�VXVWDLQHG�HIIRUW�ZHUH�LPSOH-
mented. Many forest managers, however, were unconvinced 
WKDW�WKH�PLVWOHWRH�ZDV�VXI¿FLHQWO\�ZLGHVSUHDG�DQG�VHULRXV�WR�
MXVWLI\�FRQWURO��*LOO�������

Frank Hawksworth participated in forest- to region-wide 
VXUYH\V��$QGUHZV�DQG�'DQLHOV�������+DZNVZRUWK�������WR�
TXDQWLI\� WKH�GLVWULEXWLRQ�DQG� VHYHULW\�RI�GZDUI�PLVWOHWRHV��
These surveys served as prototypes for other regions and a 
6RXWKZHVW�UH�VXUYH\�WR�DVVHVV�WKH����\HDU�WUHQG�LQ�PLVWOHWRH�

GLVWULEXWLRQ��0DIIHL�DQG�%HDWW\��������$SSUR[LPDWHO\�RQH�
WKLUG�RI�VWDQGV�LQ�WKH�6RXWKZHVW�ZHUH�LQIHVWHG�LQ�HDFK�VXUYH\�
�$QGUHZV� DQG� 'DQLHOV� ������ 0DIIHL� DQG� %HDWW\� �������

Although these surveys can 
be variously interpreted with 
regards to past success in 
mistletoe management, they 
nonetheless document that 
southwestern dwarf mistletoe 
UHPDLQV� D� IUHTXHQW� DQG� HFR-
ORJLFDOO\�LQÀXHQWLDO�VSHFLHV�LQ�
PDQ\�6RXWKZHVW�IRUHVWV�

Four additional Hawks-
worth projects illustrate the 
connection of Fort Valley 
research with topics of cur-
rent interest—effects of 
climate change, high-elevation 
pines, prescribed burning, 
and wildlife habitat. Mark 
DQG� +DZNVZRUWK� ������� UH-
lated mistletoe distribution 
to geographic and altitudinal 
cli-mates. A warmer climate 
would allow southwestern 
dwarf mistletoe to migrate 
northward and up-slope. In 
UHVROYLQJ� D� TXHVWLRQ� RQ� WKH�
taxonomy of the dwarf mis-
tletoe on bristlecone pine 
(Pinus aristata��� 0DWKLDVHQ�
DQG� +DZNVZRUWK� ��������
also mapped the distributions 

RI� WKH� ¿YH�QHHGOHG� SLQHV� �VXEJHQXV� Strobus�� RQ� WKH� 6DQ�
)UDQFLVFR� 3HDNV�� 7KLV� SURYLGHG� D� PRQLWRULQJ� EDVHOLQH� IRU�
the potential effects of climate change and white pine blis-
ter rust (Cronartium ribicola��RQ�WKHVH�KLJK�HOHYDWLRQ�SLQHV��
$OH[DQGHU� DQG� +DZNVZRUWK� ������� UHYLHZHG� WKH� FRPSOH[�
¿UH�HFRORJ\�RI�GZDUI�PLVWOHWRH��+DUULQJWRQ�DQG�+DZNVZRUWK�
�������FRQGXFWHG�DW�WKH�*UDQG�&DQ\RQ�RQH�RI�WKH�¿UVW�VWXG-
ies on prescribed burning for mistletoe control. Data of that 
study corroborated a sanitation model developed by Conklin 
DQG�*HLOV� ��������0DQ\�KRXUV�RI� VFDQQLQJ� WUHH� FURZQV� IRU�
dwarf mistletoe at Fort Valley allowed Frank Hawksworth 
to observe the associated wildlife. Mistletoe-wildlife interac-
tions include seed dispersal, mistletoe and infected branches 
as food, brooms for nesting and cover, and effects of mistle-
WRH�RQ�KDELWDW��+DZNVZRUWK�DQG�*HLOV��������)UDQN�ZDV�DQ�
avid birder who didn’t considered dwarf mistletoe as an in-
sidious pest but as a member of a diverse biotic community 
with many, profound effects and interactions (i.e., a keystone 
VSHFLHV���$V�RIWHQ�WKH�FDVH�LQ�VFLHQFH��NQRZOHGJH�JDLQHG�LQ�
RQH� VWXG\� HYHQWXDOO\� EHQH¿WV� JUHDWHU� XQGHUVWDQGLQJ� HOVH-
where. Frank Hawksworth was hired to improve pest control 
PHWKRGV��KH�JDYH�XV�D�SHUVRQDO�H[DPSOH�RI�DSSUHFLDWLQJ�QD-
ture through humor and understanding an odd, little parasitic 
SODQW��VHH�VLGHEDU��

Mistletoe Power

Frank Hawksworth knew of the importance of 
applying research to crucial national needs. 
But he also had a dry sense of humor. In 
1973, an oil embargo directed against 
the United States demonstrated the vital 
economic importance of a secure, domestic 
energy supply. From his distribution surveys 
and research on seed biology, Hawksworth 
(1973) estimated with a few simple 
calculations that the annual production 
and discharge of mistletoe seeds in the 
Southwest produced 67,000 kilowatts of 
energy! And this is a renewable resource 
that is basically solar power, produces 
water (like fuel-cells), has a low carbon-
footprint (way better than clean coal), 
its “nuclear” activity does not produce 
radioactive wastes. He suggests “American 
ingenuity…and multi-billion dollar crash 
program” could solve the slight problem of 
collecting energy when seeds are expelled 
from billions of fruits over millions of acres 
discharged in thousandths of a second.
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Other Pathogens and  
Forest Insects

In addition to dwarf mistletoe, numerous physical pro-
cesses and other biotic agents known to damage or kill trees 
KDYH� EHHQ� VWXGLHG� DW� )RUW�9DOOH\�� .UDXFK� ������� LGHQWL¿HV�
OLJKWQLQJ��¿UH��ZLQGWKURZ��IURVW�KHDYLQJ��GURXJKW��EUHDNDJH��
and animals as important mortality factors. The damages 
caused by many of these factors are often confounded by 
those of fungi and insects. For example, root disease and 
decay predisposes trees to windthrow and breakage, which 
increases vulnerability to attack by bark beetles and addi-
WLRQDO� GHFD\� IXQJL�� 3DWKRJHQLF� RU� VDSURSK\WLF� IXQJL� FDXVH�
QHHGOH�FDVW��GHFD\��FDQNHU��UXVW��DQG�URRW�GLVHDVH��(OOLV�������
/LJKWOH��������3K\WRSKDJRXV� LQVHFWV� LQFOXGH�EDUN�DQG� WZLJ�
beetles, sap-sucking and shoot-feeding insects, and defo-
OLDWRUV��)DLUZHDWKHU�DQG�RWKHUV��������0DQ\�RI�WKHVH�LQVHFWV�
and some fungi typically display periods of outbreak and col-
ODSVH��RWKHUV�DUH�XELTXLWRXV�DQG�SHUVLVWHQW�

)URP�WKH�XWLOLWDULDQ�SHUVSHFWLYH�RI�WLPEHU�SURGXFWLRQ��.ROE�
DQG�RWKHUV��������GDPDJLQJ�LUUXSWLYH�VSHFLHV�DUH�FKDUDFWHU-
ized as pests. The general biology and destructive potential 
of these species were known when the Fort Valley station 
was established. Initial research focused on taxonomy, life 
history, effects, and epidemiology with the objectives of min-
imizing losses and preventing or reducing outbreaks. Over 
time, however, the Fort Valley forest has been seen less as a 
tree farm and more as a biotic community and natural eco-
system. From the ecological perspective, these pathogens and 
insects are not pests but symbionts at the host level (Combes 
������DQG� transformers�DW� WKH�HFRV\VWHP�OHYHO��5LFKDUGVRQ�
DQG�RWKHUV��������*XQGHUVRQ�DQG�+ROOLQJ� �������GHVFULEHV�
cycles of forest ecosystem renewal to include stages of ex-
ploitation, conservation, release, and reorganization. A few 
EXW�GLYHUVH�SDWKRJHQ�DQG�LQVHFW�VSHFLHV�SOD\�LQÀXHQWLDO�UROHV�
LQ�WKDW�UHQHZDO�F\FOH��7KHLU�LQÀXHQFH�RQ�IRUHVW�VWUXFWXUH�DQG�
G\QDPLFV� GHSHQG� RQ� WKHLU� VSHFL¿F� HIIHFW� �H�J��� QHHGOH� FDVW�
YV��URRW�GLVHDVH��DQG�WKHLU�SDUWLFXODU�HSLGHPLRORJ\��H�J���RXW-
EUHDN�W\SLFDOO\�VKRUW�DQG�VKRZ\�YV��QHDUO\�SHUPDQHQW��

:RRG�GHFD\V�DUH�SHUVLVWHQW��VDSURSK\WLF�IXQJL��*LOEHUWVRQ�
�������7KH�ZHVWHUQ�UHG�URW��Dichomitus squalens��LV�FRPPRQ�
LQ� WKH� 6RXWKZHVW� DV� D� VDSURSK\WH� RI� SRQGHURVD� SLQH� KHDUW-
ZRRG��$QGUHZV�DQG�*LOO��������FXOO� LQ�HDUO\�GHIHFW�VWXGLHV�
GHWHUPLQHG�ORVVHV�DW����WR�����EXW�RFFDVLRQDOO\�DV�KLJK�DV�
�����8QOLNH�WKH�ROG�JURZWK�GHFD\V�RI�RWKHU�UHJLRQV��ZHVWHUQ�
red rot enters through dead branches and attacks young pon-
GHURVD�SLQH�WUHHV�LQ�RSHQ�VWDQGV��5HFRPPHQGHG�VLOYLFXOWXUDO�
PRGL¿FDWLRQV�DUH�WR�GHOD\�WKLQQLQJ�IRU�WKH�¿UVW����\HDUV��WKHQ�
thin the stand and prune the residuals. Fort Valley silviculture 
DQG�XWLOL]DWLRQ�VWXGLHV�RI�WKH�SDVW�FRQWULEXWHG�WR�UHGXFLQJ�FXOO��
new studies need to address decay of live ponderosa pine for 
LW�DIIHFWV�RQ�VRLOV��IXHOV�DQG�FDUERQ�VHTXHVWUDWLRQ�

The rust fungi cause several kinds of disease includ-
ing foliage rust, broom rust, gall rust, limb rust, and stem 
UXVW�� +DZNVZRUWK� ������� GHVFULEHV� REVHUYDWLRQV� DW� )RUW�
Valley that determined that limb rust has several taxonomic 

forms (Cronartium and Peridermium��� +H� DOVR� UHSRUWV� D�
JDOO�IRUPLQJ�UXVW�RQ� WKH�6DQ�)UDQFLVFR�3HDNV� WKDW� LV�GLIIHU-
ent from the common, damaging gall rust of other regions. 
This white-spored rust (Peridermium� VS��� DSSHDUV� WR� EH� D�
genetically distinct, rare endemic with small disjunct popu-
lations from west Texas, to southern Nevada, to northern 
&RORUDGR� �9RJOHU� DQG� %UXQV� ������� *HQHUDOO\�� WKH� QDWLYH�
pine stem rusts have not caused severe economic or ecologi-
FDO� LPSDFWV� LQ� WKH� 6RXWKZHVW�� *LOEHUWVRQ� �������� KRZHYHU��
describes a case wherein a rare stem rust native on ponderosa 
pine (Cronartium comandrae��XQH[SHFWHGO\�DQG�ZLWK�VHULRXV�
damage appeared on an Asian pine species (Pinus elderica��
LQWURGXFHG� WR�$UL]RQD�� &RPEHV� ������� SURYLGHV� QXPHURXV�
examples where a parasite plays a major but secretive role 
after a biotic system is disturbed. Although we have some 
knowledge on the pine rusts, we have much to learn before 
we understand their evolutionary history, genetic potential, 
and ecology.

3LQH� GHIROLDWRUV� LQFOXGH� ERWK� IXQJL� DQG� LQVHFWV�� 1HHGOH�
FDVW�IXQJL�EHORQJ�WR�VHYHUDO�WD[RQRPLF�JURXSV��H�J���PROGV��
that infect live conifer foliage and cause early shedding (Ellis 
������ *LOO� ������� 7ZLJ� EHHWOHV� �H�J��� Pitygenes��� 3UHVFRWW�
scale (Matsucoccus vexillorum���VDZÀLHV��Neodiprion���SDQ-
dora moth (Coloradia pandora��DQG�RWKHU�LQVHFW�GHIROLDWRUV�
feed on shoots and foliage (McMillin and Wagner 1998, 
:DJQHU� DQG�0DWKLDVHQ� �������7KHVH� IXQJL� DQG� LQVHFWV� DUH�
usually eruptive with rapid and spectacular appearance re-
ODWHG�WR�IDYRUDEOH�ZHDWKHU��5HG�IROLDJH�DQG�GHIROLDWLRQ�FDQ�EH�
alarming, especially when synchronous outbreaks occur over 
a large area. Although defoliation outbreaks in the Fort Valley 
area have several times prompted initiation of new, large in-
vestigations, these were short-lived when they determined 
the outbreak cause and its modest impact on host growth and 
survival. The most recent Fort Valley study on a defoliator is 
the now terminated laboratory work on the western spruce 
EXGZRUP��VHH�&ODQF\��������8QLYHUVLW\�DQG�)RUHVW�6HUYLFH�
entomologists are now studying an eminent pandora moth 
outbreak in northern Arizona.

Canker fungi are pathogens that usually enter the stem 
WKURXJK�DQ�LQMXU\�DQG�FDXVH�D�SHUHQQLDOO\��HQODUJLQJ�ZRXQG��
VRPH� DUH� DVVRFLDWHG� ZLWK� GHFD\� �+LQGV� ������� $VSHQ�
(Populus tremuloides��LV�HDVLO\�VXVFHSWLEOH�WR�LQMXU\��FDQNHU�
GLVHDVH�� DQG� GHFD\��$OWKRXJK� DVSHQ� FDQ� VSURXW� SUROL¿FDOO\�
after the clone is cut or burned, young stems are often so 
VHYHUHO\�EURZVHG�WKDW�UHJHQHUDWLRQ�IDLOV��+HUPDQ��������GH-
scribes Fort Valley aspen regeneration studies and mentions 
fencing to prevent animal damage. The course of that and 
RWKHU� H[SHULPHQWV� �VHH� 0DUWLQ� ������ KDYH� HVWDEOLVKHG� WKH�
need for fencing to protect aspen, now principally from elk 
�6KHSSHUG�DQG�)DLUZHDWKHU�������5ROI��������$VSHQ�GHFOLQH�
SUHVHQW�QRZ�RQ�WKH�6DQ�)UDQFLVFR�3HDNV�LV�GXH�WR�D�FRPSOH[�
RI�DELRWLF�DQG�ELRWLF�FDXVHV��6XVWDLQLQJ�DVSHQ�FRPPXQLWLHV�
UHTXLUHV� FRRSHUDWLRQ� DPRQJ� IRUHVW� SDWKRORJLVWV�� IRUHVW� DQG�
wildlife managers to ensure success of the aspen renewal 
cycle.

Most root disease fungi are also decay fungi, but these 
pathogens attack living roots and thereby cause host decline 
and vulnerability to windthrow or insect attack (Andrews 
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�������$OWKRXJK�URRW�GLVHDVH�LV�IRXQG�WKURXJKRXW�WKH�6RXWKZHVW�
�:RRG��������LW�KDV�QRW�EHHQ�DV�LPSRUWDQW�LQ�WKH�)RUW�9DOOH\�
forest as elsewhere in the region. However, restoration and fuel 
treatments conducted recently here have greatly increased the 
IRRG�VWRFN�IRU�URRW�GLVHDVHV��L�H���IUHVK�VWXPSV���%HFDXVH�URRW�
disease develops slowly but is very persistent, early detection 
and monitoring studies at Fort Valley would be prudent.

)RU�SLQHV�RI�WKH�6RXWKZHVW��EDUN�EHHWOHV�DUH�WKH�LQVHFWV�RI�
SULQFLSDO�FRQFHUQ��'H*RPH]�DQG�<RXQJ��������7KHVH�LQVHFWV�
bore into and feed upon the inner bark of living trees. They usu-
ally form mass attacks on stressed trees or upper tree crowns, 
EXW�ZKHQ�LQVHFW�SRSXODWLRQV�DUH�VXI¿FLHQW�WKH\�FDQ�VXFFHVVIXO-
O\�DWWDFN�DQG�NLOO�KHDOWK\�WUHHV��3HDUVRQ��������7KH�PRXQWDLQ�
pine beetle (Dendroctonus ponderosae��KDV�EHHQ�DQ�DJJUHVVLYH�
FDXVH�RI� ODQGVFDSH�VFDOH� WUHH�PRUWDOLW\�RQ� WKH�1RUWK�.DLEDE�
SODWHDX��/DQJ�DQG�6WHZDUW�������EXW�LV�XQFRPPRQ�HOVHZKHUH�
LQ�WKH�6RXWKZHVW��2Q�WKH�)RUW�9DOOH\�SORWV��.UDXFK��������UHF-
ognizes bark beetles as contributing to mortality (but minor 
FRPSDUHG�WR�PLVWOHWRH���+RUQLEURRN��������UHSRUWV�RQ�D�VPDOO��
early study to reduce Ips populations by peeling the bark of 
LQIHVWHG�WUHHV��DOVR�VHH�9LQFHQW������DQG�:DGVZRUWK������IRU�
VLPLODU�VWXGLHV���$OWKRXJK�Ips and other Dendroctonus beetles 
usually attack diseased trees in dense, blackjack stands, fol-
lowing a sustained drought as recently experienced, these bark 
beetles can kill thousands of trees in a forest-wide outbreak 
�.HQDOH\�DQG�RWKHUV��������5HFHQW�ZRUN�DW�)RUW�9DOOH\�FRQ-
ducted by university researchers has investigated the effects of 
forest thinning on the physiological defense of residual trees to 
bark beetle attack.

,Q�WKH�SLQH�IRUHVW�RI�WKH�ODWH�����V��IUHTXHQW��ORZ�LQWHQVLW\�
¿UH�KDG�EHHQ�DQ� LPSRUWDQW�QDWXUDO�GLVWXUEDQFH� IRU�PDLQWDLQ-
LQJ�WKH�V\VWHP��&RYLQJWRQ�DQG�RWKHUV�������0RLU�DQG�RWKHUV�
�������)LUH�VXSSUHVVLRQ�IRU�PRVW�RI�WKH�SDVW�����\HDUV�KDG�GLV-
UXSWHG�WKDW�IXQFWLRQ��EXW�D�QHZ�¿UH�SROLF\�LV�DLPHG�DW�UHVWRULQJ�
LW��'DKPV�DQG�*HLOV��������8QIRUWXQDWHO\��ZH�NQRZ�OHVV�DERXW�
the natural disturbance regimes of bark beetles, other forest 
insects, fungal pathogens and mistletoes. Fort Valley studies 
have provided information valuable for developing guidelines 
and technologies for insect and disease management in a tradi-
WLRQDO�IRUHVWU\�FRQWH[W��$GGLWLRQDO�UHVHDUFK�ZRXOG�EH�UHTXLUHG��
however, to determine the insect and disease regimes of a 
resilient, well-functioning ecosystem for providing various 
HFRORJLFDO�VHUYLFHV��*HLOV�DQG�RWKHUV�������

Fort Valley, a  
Learning Experience

Historically, the Fort Valley scientists had the objective of 
learning and communicating practical information for man-
aging productive timber stands and controlling pests (this 
SURFHHGLQJV���7KH\�GHYHORSHG�LQIRUPDWLRQ�RQ�SDWKRJHQ�DQG�
insect identity, distribution, life history, and epidemiology. 
They applied that knowledge to damage assessment, projec-
tion, and management. Beyond results of individual studies, 
however, also emerged an appreciation for the complexity 

of biotic systems and importance of symbiotic interactions 
RI� GLYHUVH� IRUP�� )RU� H[DPSOH�� -DPHVRQ� ������� VWXGLHG� 
pinyon-juniper woodlands subjected to stress and distur-
bance. He recognized that succession was not just steady, 
VSHFLHV� UHSODFHPHQW� WR� D� VLQJOH� HQGSRLQW�� VXFFHVVLRQ� FRXOG�
display rapid jumps to multiple, nearly irreversible endpoints 
LQ� FRQVHTXHQFH� WR� YDULRXV� VWUHVVHV� DQG� LQVHFW� RU� GLVHDVH�
outbreaks. Among the authors he referenced for early de-
YHORSPHQW�RI�LGHDV�RQ�FRPSOH[LW\�DQG�LQWHUDFWLRQ�ZDV�&��6��
+ROOLQJ��*XQGHUVRQ�DQG�+ROOLQJ��������SURYLGH�D�FRQFHSWXDO�
framework in terms of adaptive management and cycles of 
ecosystem renewal that are useful for organizing our under-
standing of the ecology and management for forest pathogens 
and insects.

+DZNVZRUWK��������RULJLQDOO\�SUHVHQWHG�KLV�ZRUN�RQ�WKH�
life history and spread of southwestern dwarf mistletoe in 
the silvicultural context of the time (Figure 2, from obser-
YDWLRQV�DW�)RUW�9DOOH\���/LNH�-DPHVRQ���������KH�GHYHORSHG�
DQ� DSSUHFLDWLRQ� IRU� WKH� FRPSOH[LW\� RI� WKH� PLVWOHWRH±SLQH�
pathosystem—multiple impacts and alternative outcomes 
occur as result of differences in initial conditions and interac-
WLRQV�RI�YDULRXV� IDFWRUV��6SUHDG�RI�GZDUI�PLVWOHWRH� LV�PRUH�
than an increasing area removed from timber production. 
$OWKRXJK�3HDUVRQ� �����E�� UHFRJQL]HG�KH� NQHZ� OLWWOH� DERXW�
host resistance, he suspected that regenerating a stand from 
mistletoe-free trees would improve its genetics. Mistletoe’s 
¿UVW�HIIHFW�E\�GLVHDVH�RU�E\�FRQWURO�PD\�EH�RQ�KRVW�¿WQHVV��
EXW�ZH�KDYH�PXFK� WR� OHDUQ�RQ� WKLV� WRSLF��5HJDUGOHVV�RI� WKH�
JHQHWLF� FRQVHTXHQFHV�� LQIHFWHG� WUHHV� DUH� RIWHQ� UHWDLQHG� DV�
a seed source and left long enough that the regeneration 
EHFRPHV�LQIHFWHG��H�J���)RUW�9DOOH\�SORW�6����0LVWOHWRH�LQ�D�UH-
sidual, overstory tree continues to intensify until the host dies 
�)LJXUH�����(DUO\�)RUW�9DOOH\�VWXGLHV�VRXJKW�WR�LGHQWLI\�ZKLFK�
WUHHV�ZRXOG�EH�³ORVW´�EHIRUH�WKH�QH[W�FXWWLQJ�F\FOH��EXW�ODWHU�
studies recognized these snags as valuable for wildlife habitat 
�D�VHFRQG�HIIHFW���7KH�¿UVW�LQIHFWHG�VDSOLQJ�GLHV�UDSLGO\��OHDY-
LQJ�D�SHUVLVWHQW�DQG�ODWHU�LQFUHDVLQJ�FDQRS\�JDS��D�WKLUG�HIIHFW���
%LFNIRUG�DQG�RWKHUV��������GHWHUPLQHG�WKDW�UHGXFLQJ�FRPSH-
tition around an infected tree at least temporally improves 
its growth, but mistletoe growth is also enhanced. Although 
poles survive infection longer than seedlings, they develop 
PLVWOHWRH�EURRPV�RI�YDULRXV�W\SHV��D�IRXUWK�HIIHFW���%URRPV�
reduce host vigor, yet they also provide special habitat for 
ZLOGOLIH��+DZNVZRUWK�DQG�*HLOV��������%\�LWVHOI�RU�LQ�FRPEL-
QDWLRQ�ZLWK�RWKHU�IDFWRUV��.UDXFK��������PLVWOHWRH�HYHQWXDOO\�
NLOOV�WKH�KRVW�DQG�PD\�OHDG�WR�DGGLWLRQDO�PRUWDOLW\�E\�¿UH�RU�
EDUN� EHHWOHV� �D� ¿IWK� HIIHFW��.HQDOH\� DQG� RWKHUV� ������� %XW�
released of competition from the ponderosa pine, many other 
plant species thrive to create a different biotic community 
WKDQ�RQH�RI�SLQH�RQO\��D�VL[WK�HIIHFW���0RUH�WKDQ�MXVW�UHGXF-
ing timber volume, mistletoe affects biodiversity, vegetation 
pattern, and ecosystem functions. Although individual trees 
can be killed or pruned, we’ve learned that eradication may 
EH�XQGHVLUDEOH��&RQNOLQ��������:H¶YH�OHDUQHG�KRZ�WR�PRGHO�
WKH�HIIHFWV�RI�PLVWOHWRH�RQ�LQIHFWHG�WUHHV��ZH�KDYH�\HW�WR�OHDUQ�
KRZ� WR�PDQDJH� IRUHVW� VWDQGV� IRU�RSWLPL]LQJ� WKH�EHQH¿WV�RI�
mistletoe to forest health.
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(GPLQVWHU��&��%��������'HYHORSPHQW�RI�JURZWK�DQG�\LHOG�PRGHOV�
for dwarf mistletoe-infested stands. In:�6FKDUSI��5��)���3DUPHWHU��
-��5���-U���WHFK��FRRUGV��6\PSRVLXP�RQ�'ZDUI�0LVWOHWRH�&RQWURO�
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Understanding transformations in human and natural systems. 
:DVKLQJWRQ��'&��,VODQG�3UHVV������S�

+DUULQJWRQ��0��*���+DZNVZRUWK��)��*��������,QWHUDFWLRQV�
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5RFN\�0RXQWDLQ�)RUHVW�DQG�5DQJH�([SHULPHQW�6WDWLRQ��
���±����
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+DW¿HOG��,��-��������7KH�HVWDEOLVKPHQW�RI�DQ�H[SHULPHQWDO�FRQWURO�
plots at the Fort Valley Experimental Forest, Flagstaff, Arizona. 
6HSWHPEHU�����������0LPHRJUDSKHG�UHSRUW��$OEXTXHUTXH��10��
8�6��'HSDUWPHQW�RI�$JULFXOWXUH��)RUHVW�6HUYLFH�����S��8QSXE��
3DS��RQ�¿OH�DW�)ODJVWDII��$=��8�6��'HSDUWPHQW�RI�$JULFXOWXUH��
)RUHVW�6HUYLFH��5RFN\�0RXQWDLQ�5HVHDUFK�6WDWLRQ��)RUW�9DOOH\�
Experimental Forest archives.
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6HUYLFH��5RFN\�0RXQWDLQ�)RUHVW�DQG�5DQJH�([SHULPHQW�
6WDWLRQ�����±����

+HLGPDQQ��/��-��������6LOYLFXOWXUDO�FRQWURO�RI�GZDUI�PLVWOHWRH�LQ�
KHDYLO\�LQIHFWHG�VWDQGV�RI�SRQGHURVD�SLQH�LQ�WKH�6RXWKZHVW��
5HV��3DS��50�����)RUW�&ROOLQV��&2��8�6��'HSDUWPHQW�RI�
$JULFXOWXUH��)RUHVW�6HUYLFH��5RFN\�0RXQWDLQ�)RUHVW�DQG�5DQJH�
([SHULPHQW�6WDWLRQ�����S�

+HLGPDQQ��/��-��������6LOYLFXOWXUDO�FRQWURO�RI�GZDUI�PLVWOHWRH�LQ�
VRXWKZHVWHUQ�SRQGHURVD�SLQH��5HV��1RWH�50������)RUW�&ROOLQV��
&2��8�6��'HSDUWPHQW�RI�$JULFXOWXUH��)RUHVW�6HUYLFH��5RFN\�
0RXQWDLQ�)RUHVW�DQG�5DQJH�([SHULPHQW�6WDWLRQ����S�
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.UDXFK��+��������0RUWDOLW\�LQ�FXW�RYHU�VWDQGV�RI�ZHVWHUQ�\HOORZ�
SLQH�LQ�WKH�6RXWKZHVW��-RXUQDO�RI�)RUHVWU\��������������±�����
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0DIIHL��+��0���%HDWW\��-��6��������&KDQJHV�LQ�WKH�LQFLGHQFH�RI�
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.DPS��%��-���FRPS����th Western International Forest Disease 
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9DQFRXYHU��%&��8QLYHUVLW\�RI�%ULWLVK�&ROXPELD����±���

0DUN��:��5���+DZNVZRUWK��)��*��������'LVWULEXWLRQ�RI�SRQGHURVD�
pine dwarf mistletoe (Arceuthobium vaginatum subsp. 
cryptopodum��LQ�UHODWLRQ�WR�FOLPDWLF�IDFWRUV��,Q���th National 
&RQIHUHQFH�RQ�)LUH�DQG�)RUHVW�0HWHRURORJ\�������1RYHPEHU�
��±����6W��/RXLV��02��6RFLHW\�RI�$PHULFDQ�)RUHVWHUV�DQG�
$PHULFDQ�0HWHRURORJLFDO�6RFLHW\�
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0DUWLQ��(��&��������*URZWK�DQG�FKDQJH�LQ�VWUXFWXUH�RI�DQ�DVSHQ�
VWDQG�DIWHU�D�KDUYHVW�FXWWLQJ��5HV��1RWH�50�����)RUW�&ROOLQV��
&2��8�6��'HSDUWPHQW�RI�$JULFXOWXUH��)RUHVW�6HUYLFH��5RFN\�
0RXQWDLQ�)RUHVW�DQG�5DQJH�([SHULPHQW�6WDWLRQ����S�

0DWKLDVHQ��5��/���+DZNVZRUWK��)��*��������7D[RQRP\�DQG�HIIHFWV�
RI�GZDUI�PLVWOHWRH�RQ�EULVWOHFRQH�SLQH�RQ�WKH�6DQ�)UDQFLVFR�
3HDNV��$UL]RQD��5HV��3DS��50������)RUW�&ROOLQV��&2��8�6��
'HSDUWPHQW�RI�$JULFXOWXUH��)RUHVW�6HUYLFH��5RFN\�0RXQWDLQ�
)RUHVW�DQG�5DQJH�([SHULPHQW�6WDWLRQ�����S�

0F0LOOLQ��-��'���:DJQHU��0�5��������,QÀXHQFH�RI�KRVW�SODQW�YHUVXV�
QDWXUDO�HQHPLHV�RQ�WKH�VSDWLDO�GLVWULEXWLRQ�RI�D�SLQH�VDZÀ\��
Neodiprion autumnalis��+\PHQRSWHUD��'LSULRQLGHD���(FRORJLFDO�
(QWRPRORJ\������������±����

0HDJKHU��*��6���+HUPDQ��)��5��������:RUNLQJ�SODQ�IRU�VWXG\�
of management of ponderosa pine stands heavily infected 
ZLWK�PLVWOHWRH��)HEUXDU\����������6WXG\�SODQ��7XFVRQ��$=��
6RXWKZHVWHUQ�)RUHVW�DQG�5DQJH�([SHULPHQW�6WDWLRQ�����S��
8QSXE��3DS��RQ�¿OH�DW�)ODJVWDII��$=��8�6��'HSDUWPHQW�RI�
$JULFXOWXUH��)RUHVW�6HUYLFH��5RFN\�0RXQWDLQ�5HVHDUFK�6WDWLRQ��
)RUHVW�3DWKRORJ\�DUFKLYHV�

0RLU��:��+���*HLOV��%��:���%HQRLW��0��$���6FXUORFN��'��������
Ecology of southwestern ponderosa pine forests. In: Block, W. 
0���)LQFK��'��0��6RQJELUG�HFRORJ\�LQ�VRXWKZHVWHUQ�SRQGHURVD�
SLQH�IRUHVWV��D�OLWHUDWXUH�UHYLHZ��*HQ��7HFK��5HS��50�*75������
)RUW�&ROOLQV��&2��8�6��'HSDUWPHQW�RI�$JULFXOWXUH��)RUHVW�
6HUYLFH��5RFN\�0RXQWDLQ�)RUHVW�DQG�5DQJH�([SHULPHQW�
6WDWLRQ���±����>2QOLQH@��$YDLODEOH��KWWS���ZZZ�IV�IHG�XV�UP�
SXEVBUP�UPBJWU����UPBJWU���B���B����SGI

0\HUV��&��$���+DZNVZRUWK��)��*���/LJKWOH��3��&��������6LPXODWLQJ�
yields of southwestern ponderosa pine stands, including effects 
RI�GZDUI�PLVWOHWRH��5HV��3DS��50�����)RUW�&ROOLQV��&2��8�6��
'HSDUWPHQW�RI�$JULFXOWXUH��)RUHVW�6HUYLFH��5RFN\�0RXQWDLQ�
)RUHVW�DQG�5DQJH�([SHULPHQW�6WDWLRQ�����S�

0\HUV��&��$���0DUWLQ��(��&��������0RUWDOLW\�RI�VRXWKZHVWHUQ�
ponderosa pine sawtimber after second partial harvest. Journal 
RI�)RUHVWU\������������±����

3HDUVRQ��*��$��������6WXGLHV�RI�\LHOG�DQG�UHSURGXFWLRQ�RI�ZHVWHUQ�
yellow pine in Arizona and New Mexico. Journal of Forestry. 
����������±����

3HDUVRQ��*��$��������$�WZHQW\�\HDU�UHFRUG�RI�FKDQJHV�LQ�DQ�
$UL]RQD�SLQH�IRUHVW��(FRORJ\������������±����

3HDUVRQ��*��$��������/LJKWHU�FXWV�DQG�ODUJHU�\LHOGV�LQ�SRQGHURVD�
SLQH��-RXUQDO�RI�)RUHVWU\������������±����

3HDUVRQ��*��$��������0RUWDOLW\�LQ�FXWRYHU�VWDQGV�RI�SRQGHURVD�
SLQH��-RXUQDO�RI�)RUHVWU\������������±����

3HDUVRQ��*��$��������*URZWK�DQG�PRUWDOLW\�RI�SRQGHURVD�SLQH�
in relation to size of trees and method of cutting. Journal of 
)RUHVWU\������������±����

3HDUVRQ��*��$��������+RZ�ORFDO�LV�VLOYLFXOWXUH"�-RXUQDO�RI�)RUHVWU\��
�����������±����

3HDUVRQ��*��$������D��*URZWK��PRUWDOLW\��DQG�FXWWLQJ�F\FOHV�LQ�
1HZ�0H[LFR�SRQGHURVD�SLQH��-RXUQDO�RI�)RUHVWU\����������
���±����

3HDUVRQ��*��$������E��$SSOLHG�JHQHWLFV�LQ�IRUHVWU\��6FLHQWL¿F�
0RQWKO\���������±����

3HDUVRQ��*��$��������3RQGHURVD�SLQH�LQ�WKH�VHFRQG�FXWWLQJ�F\FOH��
-RXUQDO�RI�)RUHVWU\������������±����

3HDUVRQ��*��$���:DGVZRUWK��)��+��������$Q�H[DPSOH�RI�WLPEHU�
PDQDJHPHQW�LQ�WKH�6RXWKZHVW��-RXUQDO�RI�)RUHVWU\���������
���±����

5LFKDUGVRQ��'��0���3\VHN��3���5HMPDQHN��0���%DUERXU��
0��*���3DQHWWD��)��'���:HVW��&��-��������1DWXUDOL]DWLRQ�
DQG�LQYDVLRQ�RI�DOLHQ�SODQWV��&RQFHSWV�DQG�GH¿QLWLRQV��
'LYHUVLW\�DQG�'LVWULEXWLRQV����������±�����>2QOLQH@��GRL��
��������M����������������������[

5RELQVRQ��'��&��(���*HLOV��%��:��������0RGHOOLQJ�GZDUI�
mistletoe at three scales: life history, ballistics and contagion. 
(FRORJLFDO�0RGHOOLQJ��������±����>2QOLQH@��GRL���������M�
HFROPRGHO������������

5ROI��-��$��������$VSHQ�IHQFLQJ�LQ�QRUWKHUQ�$UL]RQD��$����\HDU�
SHUVSHFWLYH��,Q��6KHSSHUG��:��'���%LQNOH\��'���%DUWRV��'��/���
6WRKOJUHQ��7��-���(VNHZ��/��*���FRPSV���6XVWDLQLQJ�DVSHQ�LQ�
ZHVWHUQ�ODQGVFDSHV�������-XQH���±����*UDQG�-XQFWLRQ��&2��
3URFHHGLQJV�5056�3�����)RUW�&ROOLQV��&2��8�6��'HSDUWPHQW�RI�
$JULFXOWXUH��)RUHVW�6HUYLFH��5RFN\�0RXQWDLQ�5HVHDUFK�6WDWLRQ��
���±�����>2QOLQH@��KWWS���ZZZ�IV�IHG�XV�UP�SXEV�UPUVBS����
UPUVBS���B���B����SGI

6FKXEHUW��*��+��������6LOYLFXOWXUH�RI�VRXWKZHVWHUQ�SRQGHURVD�
SLQH��WKH�VWDWXV�RI�RXU�NQRZOHGJH��5HV��3DS��50������8�6��
'HSDUWPHQW�RI�$JULFXOWXUH��)RUHVW�6HUYLFH��5RFN\�0RXQWDLQ�
)RUHVW�DQG�5DQJH�([SHULPHQW�6WDWLRQ�����S�

6KHSSHUG��:��'���)DLUZHDWKHU��0��/��������,PSDFW�RI�ODUJH�
ungulates in restoration of aspen communities in a southwestern 
SRQGHURVD�SLQH�HFRV\VWHP��,Q��&RYLQJWRQ�:��6���'H%DQR�/��)��
6XVWDLQDEOH�HFRORJLFDO�V\VWHPV��,PSOHPHQWLQJ�DQ�HFRORJLFDO�
DSSURDFK�WR�ODQG�PDQDJHPHQW�������-XO\���±����)ODJVWDII��$=��
*HQ��7HFK��5HS��50������)RUW�&ROOLQV��&2��8�6��'HSDUWPHQW�RI�
$JULFXOWXUH��)RUHVW�6HUYLFH��5RFN\�0RXQWDLQ�)RUHVW�DQG�5DQJH�
([SHULPHQW�6WDWLRQ�����±����

6WDJH��$��5��������3URJQRVLV�PRGHO�IRU�VWDQG�GHYHORSPHQW��5HV��
3DS��,17������2JGHQ��87��8�6��'HSDUWPHQW�RI�$JULFXOWXUH��
)RUHVW�6HUYLFH��,QWHUPRXQWDLQ�)RUHVW�DQG�5DQJH�([SHULPHQW�
6WDWLRQ�����S�

9LQFHQW��3��<��������Ips (Tomicus��confusus and the effect of 
stripping on pole stands after a thinning and improvement 
FXWWLQJ�LQ�SRQGHURVD�SLQH����S��8QSXE��3DS��RQ�¿OH�DW�)ODJVWDII��
$=��8�6��'HSDUWPHQW�RI�$JULFXOWXUH��)RUHVW�6HUYLFH��5RFN\�
0RXQWDLQ�5HVHDUFK�6WDWLRQ��)RUW�9DOOH\�([SHULPHQWDO�)RUHVW�
archives.

9RJOHU��'��5���%UXQV��7��'��������3K\ORJHQHWLF�UHODWLRQVKLSV�DPRQJ�
the pine stem rust fungi (Cronartium and Peridermium�VSS����
0\FRORJLD������������±�����>2QOLQH@��$YDLODEOH��KWWS���ZZZ�
MVWRU�RUJ�VWDEOH��������

:DGVZRUWK��)��+��������&RQWURO�RI�Ips beetles by the trap tree 
PHWKRG�����S��8QSXE��3DS��RQ�¿OH�DW�)ODJVWDII��$=��8�6��
'HSDUWPHQW�RI�$JULFXOWXUH��)RUHVW�6HUYLFH��5RFN\�0RXQWDLQ�
5HVHDUFK�6WDWLRQ��)RUW�9DOOH\�([SHULPHQWDO�)RUHVW�DUFKLYHV�

:DJQHU��0��5���0DWKLDVHQ��5��/��������'ZDUI�PLVWOHWRH±SDQGRUD�
moth interaction and its contribution to ponderosa pine 
PRUWDOLW\�LQ�$UL]RQD��*UHDW�%DVLQ�1DWXUDOLVW������������±����

:RRG��5��(��������0RUWDOLW\�FDXVHG�E\�URRW�GLVHDVHV�DQG�
associated pests on six national forests in Arizona and New 
0H[LFR��5HS��5���������$OEXTXHUTXH��10��8�6��'HSDUWPHQW�RI�
$JULFXOWXUH��)RUHVW�6HUYLFH��6RXWKZHVWHUQ�5HJLRQ�����S�

:RROVH\��7��6���-U��������:HVWHUQ�\HOORZ�SLQH�LQ�$UL]RQD�DQG�
1HZ�0H[LFR��%XOO�������:DVKLQJWRQ��'&��8�6��'HSDUWPHQW�RI�
$JULFXOWXUH��)RUHVW�6HUYLFH�����S�
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A timeline for selected events in the history of forest pa-
thology and entomology related to research associated with 
the Fort Valley Experimental Forest.

����±������*�*��+HGJFRFN�PDNHV�QHDUO\�DQQXDO�SDWKRORJ\�
FROOHFWLQJ�WULSV�WR�WKH�:HVW��WKHVH�VSHFLPHQV�EHFRPH�WKH�FRUH�RI�
WKH�86)6�)RUHVW�3DWKRORJ\±)RUW�&ROOLQV�KHUEDULXP�

������8�6��)RUHVW�6HUYLFH�DQG�%XUHDX�RI�3ODQW�,QGXVWU\�DJUHH�
WR�FRRSHUDWH�RQ�IRUHVW�SDWKRORJ\�UHVHDUFK��WKLV�FROODERUDWLRQ�
FRQWLQXHV�XQWLO������ZKHQ�WKH�'LYLVLRQ�RI�)RUHVW�3DWKRORJ\�LV�
LQFRUSRUDWHG�LQWR�)RUHVW�6HUYLFH�UHVHDUFK�RUJDQL]DWLRQ�

1910, H.D. Burrall reports measurements taken on western yellow 
pine to ascertain the effects of mistletoe on host growth.

������'�0��/DQJ�DQG�6�6��6WHZDUW�VXUYH\�QRUWK�.DLEDE�IRUHVW�DQG�
REVHUYH�µPLVWOHWRH�TXLW�SURPLQHQW«EXW�LQVHFW�LQIHVWDWLRQ�>EDUN�
EHHWOHV@�KDV�DWWDLQHG�HQRUPRXV�SURSRUWLRQV�RI�VFDWWHUHG�WUHHV�RU�
whole acres’.

������:�+��/RQJ�LV�DVVLJQHG�DV�¿UVW�UHJLRQDO�SDWKRORJLVW�DQG�
VWDWLRQHG�LQ�$OEXTXHUTXH�

������7�6��:RROVH\�FODLPV�GZDUI�PLVWOHWRH�LV�D�VHULRXV�PHQDFH�WR�
ponderosa pine and report large areas occur on Coconino and 
7XVD\DQ�)RUHVWV�ZLWK�RYHU�����RI�WUHHV�LQIHFWHG�

������*�$��3HDUVRQ�UHSRUWV�VHHG�IURP�PLVWOHWRH�LQIHFWHG�SRQGHURVD�
SLQH�KDG�����ORZHU�JHUPLQDWLRQ�

������7�6��:RROVH\�DGYRFDWHV�VKHOWHUZRRG�FXWWLQJ�HYHQ�ZLWKLQ�
infested areas and removal of only those infected trees expected 
to die soon.

������(�3��0HLQHNH�REVHUYHV�WKDW�$PHULFDQ�IRUHVWU\�LV�LQ�WUDQVLWLRQ�
for virgin to regulated forests and proposes that purpose of 
forestry is good economic utilization and that sanitation and 
K\JLHQH�DUH�UHTXLUHG�WR�DFKLHYH�WKDW�HQG�

������*�$��3HDUVRQ�UHJUHWV�WKDW�LQ�SUHYLRXV�FXWWLQJ��PLVWOHWRH�
ZDV�QRW�JLYHQ�VXI¿FLHQW�DWWHQWLRQ�DQG�QRZ�DGYRFDWHV�JUHDWHU�
discrimination of heavily infected trees.

������:�-��3HUU\�DGPLWV�SUXQLQJ�DQG�FXWWLQJ�FRXOG�GHFUHDVH�
PLVWOHWRH�EXW�TXHVWLRQV�LI�LW�FDQ�EH�HFRQRPLFDOO\�MXVWL¿HG�

������&�)��.RUVWLDQ�DQG�:�+��/RQJ�LVVXH�D�FRPSUHKHQVLYH�UHSRUW�
RQ�VRXWKZHVWHUQ�GZDUI�PLVWOHWRH��WKH\�QRWH�HIIHFWV�RQ�JURZWK�
vary by severity of infection (for example, on heavily infected 
WUHHV�WKLV�LV�D�����UHGXFWLRQ�LQ�UDGLDO�DQG�����UHGXFWLRQ�LQ�
YROXPH��

������*�$��3HDUVRQ�DGYLVHV�FXWWLQJ�DOO�KHDYLO\�LQIHFWHG�WUHHV��
leaving moderately diseased trees only where no other seed 
source present and recognizes several cleanings are necessary.

������:�-��3HUU\�GHVFULEHV�PLVWOHWRH�GLVWULEXWLRQ�LV�PRUH�FRPPRQ�
on ridges and dry slopes, notes that dispersal is usually only 10 
WR����IW�EXW�RFFDVLRQDOO\�IDUWKHU�LI�FDUULHG�E\�ELUGV��LQGLFDWHV�
FRQWURO�FDQ�EH�HIIHFWHG�ZLWK�UHSHDWHG�SUXQLQJ��REVHUYHV�
PLVWOHWRH�LV�DOVR�RIWHQ�DVVRFLDWHG�ZLWK�UHG�URW��WR�����ORVV��DQG�
that heavily infected trees may ultimately killed by bark beetles.

������(�3��0HLQHNH�UHYLHZV�WKH�KLVWRU\�RI�IRUHVW�SDWKRORJ\�LQ�
America and states the primary interests are cull, sanitation 
�HVSHFLDOO\�IRU�PLVWOHWRH���GLVHDVH�LQWHUDFWLRQV�LQ�VWDQGV��µQRW�
MXVW�FRQFHUQHG�ZLWK�VLFN�WUHHV¶���LPSDFWV�RQ�SURGXFWLYLW\��µQRW�
GHDG�WUHH�FRXQW¶���DQG�D�QDWLRQDO�IRUHVW�GLVHDVH�VXUYH\�

���������+��.UDXFK�UHFRUGV�SLQH�ORVVHV�GXH�WR�PLVWOHWRH������RI�
NLOOHG��HVSHFLDOO\�ODUJHU�WUHHV���ZLQG��VXSSUHVVLRQ��DQG�LQVHFWV�

������(�(��+XEHUW�SODFHV�UHVSRQVLELOLW\�RQ�IRUHVWHUV�IRU�NHHSLQJ�
future timber stands ‘healthy’, that is ‘producing a maximum 
rate of yield of sound timber.’

������*�$��3HDUVRQ�LQ�D����\HDU�VXPPDU\�RI�3ORW�6��QRWHV�
mistletoe is the most common mortality agent but that mistletoe 
is even more important for its impact on growth of young and 
middle-age trees.

������,�-��+DW¿HOG�HVWDEOLVKHV�DQ�H[SHULPHQWDO�FRQWURO�SORWV�DW�WKH�
Fort Valley.

������'�(��0F+HQU\�TXHVWLRQV�LI�PLVWOHWRH�NLOOV�WUHHV�RU�MXVW�SUH�
disposes them to other agents.

������/�6��*LOO�UHYLVHV�PLVWOHWRH�WD[RQRP\�
������+��.UDXFK�GHFODUHV�WKDW�RQ�3ORW�6���PLVWOHWRH�DFFRXQWV�IRU�

more deaths and greater loss in volume that any other agent.
������'�(��(OOLV�VWXGLHV�SRQGHURVD�SLQH�WZLJ�EOLJKW�DVVRFLDWHG�ZLWK�

scale insects, fungi, and climate.
������/�6��*LOO�GHVFULEHV�VHYHUDO�PDMRU�SURMHFWV�DW�WKH�'LYLVLRQ�RI�

)RUHVW�3DWKRORJ\��$OEXTXHUTXH�/DE�DV����WZLJ�EOLJKW��QRWLFHG�
LQ������DW�3UHVFRWW��HSLGHPLF�LQ������HSLGHPLF�DW�3UHVFRWW�DQG�
several other valleys, determined to be a scale insect, severity 
YDULHV�RYHU�D�LUUHJXODU��VHYHUDO�\HDU�SHULRG������PLVWOHWRH��SORWV�
DW�)RUW�9DOOH\�DQG�HOVHZKHUH������SDWKRORJLFDO�VXUYH\��QHHGOH�
FDVW�RQ�'RXJODV�¿U��SDUDVLWHV�RI�GZDUI�PLVWOHWRH��PLVFHOODQHRXV�
GLVHDVHV��$UPLOODULD�URRW�GLVHDVH��KHUEDULXP���DQG����ZHVWHUQ�
UHG�URW��VXUYH\�¿QGV�GHFD\�LV�VHULRXV�LQ�\RXQJ�WLPEHU�VWDQGV��

�����������*�$��3HDUVRQ�DQG�)��:DGVZRUWK�SURYLGH�XSGDWH�RQ�3ORW�
6��ZKHUH�PLVWOHWRH�KDV�LQWHQVL¿HG�DQG�SLQH�JURZWK�KDV�GHFOLQHG�
RQ�VHYHUHO\�LQIHFWHG�WUHHV��DPRXQW�YDULHV���WKH\�ZULWH�WKDW�WUHHV�
with infections throughout crown maintained growth for a 
while but eventually declined and died.

������:�*��7KRPVRQ�DI¿UPV�WKDW�ZHVWHUQ�UHG�URW�FDQ�FDXVH�IURP�
����WR�����RI�WRWDO�GHIHFW�DQG�����WR�����RI�YROXPH�ORVV�

������/�6��*LOO�DQG�6�5��$QGUHZV�ZDUQ�PLVWOHWRH�UHDGLO\�VSUHDGV�WR�
regeneration under infected overstory.

1942, W.L. Chapel and others report on the second cut at Fort 
9DOOH\��7KH\�REVHUYH�WKDW�XQ�PHUFKDQWDELOLW\�WRWDOHG�������
FRPSDUHG�WR�����WR�����LQ�¿UVW�FXW�DQG�WKDW������LV�GXH�
to miscellaneous causes including crooks, forks, mistletoe, 
porcupine damage, rough tops. They also note that mistletoe is 
mostly controlled except one block and that small crown trees 
can be release and produce.

������6�5��$QGUHZV�DQG�/�6��*LOO�VXPPDUL]H�WKH�ZHVWHUQ�UHG�URW�
VXUYH\��WKH\�QRWH�GHFD\�LV�LPSRUWDQW�LQ�LPPDWXUH�WUHHV�DQG�
conclude fungus enters thorough dead branches.

������*�$��3HDUVRQ����SDSHUV��VXPPDUL]HV�FRQFOXVLRQV�IURP�
experiments at Fort Valley and operational harvests in New 
0H[LFR��+H�QRWHV�WKDW�LQ�WKH�6RXWKZHVW��VLOYLFXOWXUH�DQG�
protection different from other regions but that intensive 
management can still produce an economic return if a 20-year 
cutting cycle were employed.

������*�$��3HDUVRQ�VXPPDUL]HV�WKH��nd cutting cycle at Fort Valley 
3ORW�6��DQG�REVHUYHV�WKDW�µHUURUV�RI�WKH�SDVW�QRZ�VWDQG�RXW�
clearly. Mistletoe control should have been more drastic’.

Appendix_______________________________________________
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�����DQG�������)�5��+HUPDQ�EHJLQV�DQ�DVSHQ�VWXG\�DW�+DUW�3UDLULH�
after partial cutting and installs fencing.

������)�*��+DZNVZRUWK�GHYHORSV�D�SODQ�WR�VWXG\�WKH�HIIHFW�RI�
mistletoe on cone and seed production.

1950, C. Hartley divides forest pathology history into three stages: 
����±������SULPDULO\�UHFRQQDLVVDQFH������±������HYDOXDWLRQ�
of damage with an emphasis on introduced epidemics and in the 
:HVW�RQ�VLOYLFXOWXUH�DQG�GLVHDVHV��DQG�����±������FRQWLQXHG�
work on introduced epidemics but with more effort on forest 
management and on deterioration of forest products.

������*�6��0HDJKHU�DQG�)�5��+HUPDQ�GUDIW�VWXG\�SODQ�IRU�
management of ponderosa pine stands heavily infected with 
dwarf mistletoe at Fort Valley Unit 1.

������'LYLVLRQ�RI�)RUHVW�3DWKRORJ\�LGHQWL¿HV�LWV�PDMRU�SURMHFWV�WR�
LQFOXGH����PLVWOHWRH�FRQWURO�LQ�WKH�6RXWKZHVW�����ZHVWHUQ�UHG�
URW±SUXQLQJ�����OLPE�UXVW�VXUYH\�����VDQLWDWLRQ�DQG�IHUWLOL]DWLRQ�
RI�DVSHQ��1RUWK�5LP������PLVWOHWRH�VHHG�JHUPLQDWLRQ��DQG����
trunk cankers of aspen.

������)�*��+DZNVZRUWK�REVHUYHV�OLPE�UXVW�S\FQLDO�VWDJH�
������/�6��*LOO�DQG�)�*��+DZNVZRUWK�VWXG\�PLVWOHWRH�LQFXEDWLRQ�

DQG�GLVSHUVDO��WKH\�QRWH�WKDW�PRVW�LQIHFWHG�UHSURGXFWLRQ�RFFXUV�
within 60 feet of infected overstory trees.

������-�(��(JDQ�ZULWLQJ�RQ�VLOYLFXOWXUH�LQ�6RXWKZHVW�VXJJHVWV�WKDW�
ZLWK�IUHTXHQW�VHOHFWLRQ�FXWV��ORVVHV�IURP�OLJKWQLQJ��LQVHFWV��
EOLVWHU�UXVW��UHG�URW��DQG�PLVWOHWRH��H[FHSW�LQ�H[WUHPH�FDVHV��FDQ�
be held to a minimum.

������5RFN\�0RXQWDLQ�)RUHVW�DQG�5DQJH�([SHULPHQW�6WDWLRQ�
report states that mistletoe has little effect on ability of poles to 
accept decay retardants.

������)�*��+DZNVZRUWK�DQG�6�5��$QGUHZV�SURYLGH�HDUO\�UHVXOWV�
RI�5HJLRQ���VXUYH\�WKDW�KDV�FRPSOHWHG�ZRUN�LQ�QRUWKHUQ�
$UL]RQD�DQG�0HVFDOHUR��10��WKH\�¿QG�WKDW�����RI�VWDQGV�
have mistletoe and greater mortality occurs in heavily infested 
stands.

������6�5��$QGUHZV�ZDUQV�WKDW�LQ�VSLWH�RI�GHWDLOHG��SORW�OHYHO�
observation over many years, there remains a need for range-
wide appraisal of mistletoe impacts before mistletoe control 
will be supported.

������)�*��+DZNVZRUWK�UHSRUWV�RQ�WKH�0HVFDOHUR�VXUYH\�RI�
SRQGHURVD�SLQH�WKDW�����RI�VWDQGV�DUH�LQIHVWHG��ORVVHV�DUH�WKUHH�
times greater in cut-over stands than virgin stands, and a control 
program is in progress.

������6�5��$QGUHZV�GUDIWV�D�SUREOHP�DQDO\VLV�IRU�$OEXTXHUTXH�
Lab with a good review of the history and present situation. He 
describes the natural and social environment of the region and 
LGHQWL¿HV�FKLHI�IRUHVW�GLVHDVH�SUREOHPV�DV�GZDUI�PLVWOHWRHV��
KHDUW�URWV��UXVWV�DQG�IROLDJH�GLVHDVHV��URRW�URWV��SK\VLRORJLFDO��
climatic, and environmental diseases.

������*�+��+HSWLQJ�DQG�*�0��-DPHVRQ�SURYLGH�D�QDWLRQDO�WLPEHU�
resources review on forest protection, growth loss and mortality 
DQG�QRWH�WKDW�GLVHDVHV�EHLQJ�SHUVLVWHQW�DQG�XELTXLWRXV�KDYH�
large impact.

������)�*��+DZNVZRUWK�FRPSOHWHV�3K�'��ZRUN��ZKLFK�VHUYHV�DV�D�
basis for several 1961 papers.

������)�5��/DUVHQ�FRQWLQXHV�DVSHQ�VWXG\�DW�+DUW�3UDLULH�DQG�
UHDI¿UPV�WKH�QHHG�WR�SURWHFW�DVSHQ�IURP�EURZVLQJ�WR�JHW�DQG�
keep good regeneration.

������6�5��$QGUHZV�DQG�-�3��'DQLHOV�FRPSOHWH�D�6RXWKZHVW�
ZLGH�VXUYH\��WKH\�UHSRUW�����RI�SRQGHURVD�VWDQGV�LQIHVWHG��
mostly in virgin stands and ridges, increasing with elevation 
�+DZNVZRUWK�¿QGV�PRVW�RI�LQIHVWHG�VWDQGV�DW�PLG�HOHYDWLRQV���

7KH\�DOVR�UHSRUW�����RI�'RXJODV�¿U�LV�LQIHVWHG�DQG�PRUWDOLW\�LV�
several-folder greater within infested stands.

������)�*��+DZNVZRUWK�DQG�/�6��*LOO�GLDJUDP�PLVWOHWRH�VSUHDG�DQG�
UHSRUW�VSUHDG�DYHUDJHG�����IHHW�SHU�\HDU�LQ�GHQVH�VWDQGV�DQG�����
feet per year in open.

������)�*��+DZNVZRUWK�DQG�6�5��$QGUHZV�LVVXH�SUXQLQJ�JXLGHV�
that branches 1 inch in diameter can be effectively pruned if 
mistletoe shoots not closer than 6 inches from the bole and that 
for each 1-inch increase in diameter, the safe distance should be 
increased by 2 inches.

1961, F. Herman reviews silvicultural control of mistletoe based on 
work from Fort Valley.

������/�6��*LOO�DQG�)�*��+DZNVZRUWK�UHYLHZ�RI�ZRUOG�OLWHUDWXUH�RQ�
mistletoes.

������)�*��+DZNVZRUWK�WDNHV�OHDG�IRU�ZHVW�ZLGH�VWXGLHV�RQ�
mistletoe taxonomy, hosts, and distribution and assembles 
mistletoe collection.

������&�$��0\HUV�DQG�(�&��0DUWLQ�REVHUYH�WKDW�DW�3ORW�6���GZDUI�
PLVWOHWRH�FDXVHG�������RI�WUHH�PRUWDOLW\�DQG������SHUFHQW�RI�WKH�
volume loss.

������)�*��+DZNVZRUWK�VWXGLHV�PLVWOHWRH�RQ�EULVWOHFRQH�SLQH�RQ�
6DQ�)UDQFLVFR�3HDNV�

������)�*��+DZNVZRUWK�DQG�7�(��+LQGV�SKRWRJUDSK�PLVWOHWRH�VHHG�
discharge.

������)�*��+DZNVZRUWK�UHYLHZV�D�SURJUDP�IRU�PLVWOHWRH�UHVHDUFK��
KLVWRU\�RI�GZDUI�PLVWOHWRH�UHVHDUFK�LQ�5RFN\�0RXQWDLQ�DQG�
6RXWKZHVW�5HJLRQV�VLQFH������DQG�VSHFL¿HV�ZKDW�LQIRUPDWLRQ�
is most needed to develop controls.

������3�&��/LJKWOH�DQG�RWKHUV�GHVFULEH�UH�FOHDQLQJ�DW�0HVFDOHUR�
1968, L.J. Heidmann writes on mistletoe control at Fort Valley 

that limited control appeared impractical but that silvicultural 
FRQWURO�RI�KHDY\�LQIHFWLRQV�UHTXLUHG�DOPRVW�FRPSOHWH�VWDQG�
destruction and opened stands to serious risk of windthrow.

������&�(��0\HUV�DQG�RWKHUV�VLPXODWH�\LHOGV�RI�VRXWKZHVWHUQ�
ponderosa pine stands, including effects of dwarf mistletoe 
(later, C.B. Edminster authors several papers continuing this 
VHULHV��

������3�&��/LJKWOH�DQG�)�*��+DZNVZRUWK�UHYLHZ�SURJUDP�IRU�
control of dwarf mistletoe in a heavily used ponderosa pine 
UHFUHDWLRQ�IRUHVW��*UDQG�&DQ\RQ��$UL]RQD�

������*�+��6FKXEHUW�LVVXHV�D�VLOYLFXOWXUH�UHYLHZ��DGGLWLRQDO�
UHYLHZV�E\�RWKHU�DXWKRUV�IROORZ�RYHU�VHYHUDO�\HDUV��

������:�5��0DUN�DQG�)�*��+DZNVZRUWK�UHODWH�GLVWULEXWLRQ�RI�
southwestern dwarf mistletoe to climate, as January and 
June temperature means and note absence of mistletoe where 
January temp <6 ºC.

������-�:��:DOWHUV�DQG�%�:��*HLOV�GHPRQVWUDWH�XVH�RI�VLPXODWLRQV�
to develop management plans for mistletoe-infested ponderosa 
pine.

������)�*��+DZNVZRUWK�SXEOLVKHV�WKH�DOUHDG\�ZHOO�HVWDEOLVKHG�
6-class rating system for dwarf mistletoe severity.

������*�(��'L[RQ�FRPSOHWHV�3K�'��RQ�D�PLVWOHWRH�VSUHDG�XVLQJ�D�
regression modeling approach.

������5�/��0DWKLDVHQ�DQG�)�*��+DZNVZRUWK�GHWHUPLQH�WKH�
PLVWOHWRH�RQ�EULVWOHFRQH�RQ�6DQ�)UDQFLVFR�3HDN�LV�A. 
microcarpum, which is also found on spruce and rarely on 
white pine.

������/�-��+HLGPDQQ�VXJJHVWV�WKDW�IRU�PDWXUH��KHDYLO\�LQIHVWHG�
stands of ponderosa the only effective silvicultural treatment is 
���HOLPLQDWH�WKH�VRXUFH�RI�LQIHFWLRQ�LQ�WKH�RYHUVWRU\�E\�FXWWLQJ��
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���UHPRYH�LQIHFWLRQ�LQ�SROH�DQG�VDSOLQJ�VWDQGV�E\�FXWWLQJ�RU�
SUXQLQJ�����UH�WUHDW�SHULRGLFDOO\�DQG����UHJHQHUDWH�LI�QHHGHG��
6LPLODU�UHFRPPHQGDWLRQV�DUH�PDGH�LQ������E\�)��5RQFR��*��
*RWWIULHG��DQG�5��$OH[DQGHU�

������)�*��+DZNVZRUWK�DQG�%�:��*HLOV�REVHUYH�YHUWLFDO�VSUHDG�DW�
DQ�DYHUDJH�RI����FP�\U�RU�����KRVW�KHLJKW�JURZWK�IRU�����WUHHV�
over 6 years at Fort Valley.

1985, T.E. Hinds reviews diseases of aspen.
������+�0��0DIIHL�DQG�-�6��%HDWW\�VSHFXODWH�RQ�FDXVHV�IRU�

apparent, regional increase from the 1960 to 1980s survey. 
7KH\�VXJJHVW�WKH�LQFUHDVH�IURP�����WR�����PD\�EH�GXH�WR�
single tree selection, incomplete or inappropriate prescriptions 
to control mistletoe, and lack of priorities for treating mistletoe 
infected stands.

������5�/��0DWKLDVHQ�DQG�RWKHUV�VXUYH\�PLVWOHWRH�RQ�'RXJODV�
¿U��7KH\�QRWH�WKDW�YROXPH�JURZWK�UHGXFWLRQ�LQFUHDVHV�ZLWK�
PLVWOHWRH�FODVV����������FODVV���������FODVV���������DQG�FODVV�
��������DQG�WKDW�PRUWDOLW\�LQ�VHYHUHO\�LQIHVWHG�VWDQGV�LV�WKUHH�WR�
four times that of healthy stands.

������0�*��+DUULQJWRQ�DQG�)�*��+DZNVZRUWK�UHSRUW�UHGXFWLRQ�LQ�
GZDUI�PLVWOHWRH�DW�*UDQG�&DQ\RQ�GXH�WR�SUHVFULEHG�EXUQLQJ�
�¿UVW�VXFK�UHVHDUFK�LQ�WKH�6RXWKZHVW��

������&�%��(GPLQVWHU�DQG�RWKHUV�UHOHDVH�*(1*<0�ZLWK�PLVWOHWRH�
HIIHFWV��ODWHU�LQFRUSRUDWHG�LQWR�)RUHVW�9HJHWDWLRQ�6LPXODWRU��

������5�7��5H\QROGV�DQG�RWKHUV�LVVXH�PDQDJHPHQW�JXLGHOLQHV�
for goshawk that considers mistletoe effects. They recognize 
WKHUH�DUH�VRPH�ZLOGOLIH�EHQH¿WV�IURP�PLVWOHWRH�EXW�DOVR�FDXWLRQ�
that the pathogen over time has detrimental effect retarding or 
regressing stand stage to detriment of prey species.

������:�6��$OOUHG�DQG�:�6��*DXG�UHSRUW�WKDW�WKH�$OEHUW�VTXLUUHO�
shows selective preference for certain trees and feeds upon 
mistletoe and within mistletoe-infected trees. But since 
selection was not correlated with physical appearance, conclude 
that removing diseased, deformed trees should not impact the 
VTXLUUHO�

������:�'��6KHSSDUG�DQG�0�/��)DLUZHDWKHU�LQGLFDWH�IHQFLQJ�WR�
SURWHFW�DVSHQ�IRU�HON�EURZVLQJ�LV�UHTXLUHG�WR�SURWHFW�VDSOLQJV�
and given the high animal numbers and grazing pressure, 
DGPRQLVK�WKDW�IHQFLQJ�PXVW�UHPDLQ�LQGH¿QLWHO\�

������&�:��'DKPV�DQG�%�:��*HLOV�HGLW�DQ�DVVHVVPHQW�RI�IRUHVW�
HFRV\VWHP�KHDOWK�LQ�WKH�6RXWKZHVW�

������:�+��0RLU�DQG�RWKHUV�UHYLHZ�WKH�HFRORJ\�RI�SRQGHURVD�SLQH�
LQ�6RXWKZHVW�

2000, D.A. Conklin presents a history of dwarf mistletoe control 
LQ�WKH�6RXWKZHVW��GLVFXVVHV�HFRORJLFDO�IDFWRUV�UHOHYDQW�WR�
management and presents guidelines based on his review of 
research, management, and public involvement.

������-�$��5ROI�ZULWHV�PRUH�RQ�IHQFLQJ�DVSHQ�WR�SURWHFW�IURP�HON�
browsing.

������&�3��%LFNIRUG�DQG�RWKHUV�FRQGXFW�DQ�H[SHULPHQW�WR�DVVHVV�
how much host physiological condition may regulate parasitic 
plant performance.

������*�1��*DUQHWW�DQG�RWKHUV�¿QG�$EHUW�VTXLUUHO�XVHV�PLVWOHWRH�
EURRPV�IRU�FDFKLQJ��IRUDJLQJ��DQG�QHVWLQJ��WKH\�UHFRPPHQGV�
retaining larger, broomed trees.

������'�(��5RELQVRQ�DQG�%�:��*HLOV�FRQVWUXFW�DQG�HYDOXDWH�DQ�
epidemiology model for mistletoe spread.

������6�&��.HQDOH\�DQG�RWKHUV�FRQFOXGH�WKH�SUREDELOLW\�RI�
ponderosa pine mortality due to Ips is greater in stands severely 
infested with southwestern dwarf mistletoe.

������'�$��&RQNOLQ�DQG�%�:��*HLOV�SUHVHQW�UHVXOWV�RQ�HIIHFWV�RI�
¿UH�RQ�GZDUI�PLVWOHWRH��5HODWLYHO\�XQLIRUP�EXUQV�JHQHUDWLQJ�
����DYHUDJH�FURZQ�VFRUFK�VHW�EDFN�PLVWOHWRH�LQWHQVL¿FDWLRQ�E\�
10 years.

The content of this paper reflects the views of the author(s), who are 
responsible for the facts and accuracy of the information presented 
herein.
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Introduction

When the Fort Valley Experimental Forest was estab-
lished in 1908 the research mission was to study the natural 
regeneration, growth, mortality and methods of cutting pon-
derosa pine (Pinus ponderosa���$OWKRXJK�D�FRQFHUQ�H[LVWHG�
E\� IRUHVWHUV� WKDW� ZLOGOLIH�� SDUWLFXODUO\� WKH�$EHUW¶V� VTXLUUHO�
(Sciurus aberti) �)LJXUH�����ZDV�LQÀLFWLQJ�VHYHUH�GDPDJH�WR�
ponderosa pine natural regeneration, there was no mission 
RU�GLUHFWLRQ�E\�WKH�)RUHVW�6HUYLFH�WR�LQFOXGH�ZLOGOLIH�DV�D�UH-
search emphasis.

&R[��LQ�7D\ORU�������VXJJHVWHG�WKDW�DQLPDOV�WKDW�IHHG�RQ�
ponderosa pine seed might become so numerous as to endan-
ger its existence as part of the forest. In California, Bowles 
�LQ�7D\ORU�������HVWLPDWHG�WKDW�KXQGUHGV�RI�WKRXVDQGV�RI�GRO-
ODUV�RI�GDPDJH�LV�GRQH�DQQXDOO\�WR�'RXJODV�¿U��Pseudotsuga 
menziesii��E\�WKH�ZHVWHUQ�JUD\�VTXLUUHO��Sciurus griseus��DQG�

In: 2OEHUGLQJ��6XVDQ�'���DQG�0RRUH��0DUJDUHW�0���WHFK�FRRUGV��������)RUW�9DOOH\�([SHULPHQWDO�)RUHVW²$�&HQWXU\�RI�5HVHDUFK������������
3URFHHGLQJV�5056�3�����)RUW�&ROOLQV��&2��8�6��'HSDUWPHQW�RI�$JULFXOWXUH��)RUHVW�6HUYLFH��5RFN\�0RXQWDLQ�5HVHDUFK�6WDWLRQ������S�

The Fort Valley Experimental Forest, Ponderosa Pine,  
and Wildlife Habitat Research

David R. Patton, (ret.), Northern Arizona University, Flagstaff, AZ, and 
Former Project Leader, USFS, Rocky Mountain Forest and Range 
Experiment Station, Fort Collins, CO

Abstract—Wildlife research at the Fort Valley Experimental Forest began with studies to deter-
mine how to control damage by wildlife and livestock to ponderosa pine (Pinus ponderosa) 
reproduction and tree growth. Studies on birds, small mammals, and mule deer (Odocoileus 
hemionus) browsing were initiated in the early 1930s and 1940s but these were short term 
efforts to develop control techniques. While researchers at Fort Valley and other study ar-
eas expressed a need for more information on forest wildlife, there was no major effort in 
this direction until 1962 when the Rocky Mountain Forest and Range Experiment Station 
established the first Wildlife Research Work Unit in Arizona on the Arizona State University 
campus in Tempe. In cooperation with state and federal agencies, research was started on 
non-game birds, wild turkey (Meleagris gallopavo), and effects of forest manipulation on 
mule deer and elk (Cervus elaphus) habitat. A major long-term focus was on the ecology 
and management of the Abert’s squirrel (Sciurus aberti) and its relation to management of 
ponderosa pine.

Results of research from several state and federal agencies confirm that squirrels need a 
certain size, density, and arrangement of ponderosa pine to survive and reproduce. In turn, 
there is evidence that squirrels and other small animals recycle nutrients that contribute to 
the health of ponderosa pine. The Abert’s squirrel and other small rodents have not caused 
damage to the extent predicted by foresters in the early 1900s and both are part of an eco-
system that has been functioning for thousands of years. It appears, from what we now know, 
discounting dramatic climate change, that future generations will continue to enjoy both the 
Abert’s squirrel and ponderosa pine for another several thousand years.

*��$��3HDUVRQ� ������� VWDWHG� WKDW� WKH�$EHUW¶V� VTXLUUHO� FRXOG�
become the most destructive of all animals in the pine forests 
RI�WKH�6RXWKZHVW�

Pioneering Efforts

Wildlife studies that occurred from 1908 until 1960 on the 
Fort Valley Experimental Forest and surrounding National 
)RUHVWV�ZHUH�PRVWO\�WR�GHWHUPLQH�ZKR��URGHQWV��ELUGV��ZHUH�
GRLQJ�ZKDW� �HDWLQJ� VHHGV�� URRWV�� OLYH� WZLJV�� HWF��� WR� ZKRP�
�SRQGHURVD�SLQH���7KH�IROORZLQJ�VXPPDULHV�SURYLGH�LQVLJKW�
LQWR� WKH�¿UVW� HIIRUWV�RI� HDUO\� UHVHDUFKHUV� WR�REWDLQ� LQIRUPD-
WLRQ� RQ� VHOHFWHG� DQLPDOV�� DQG� IURP� ¿HOG� REVHUYDWLRQV� E\� 
*��$��3HDUVRQ��������GXULQJ�KLV�VWXG\�RQ�WKH�PDQDJHPHQW�RI�
ponderosa pine.
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$KTFU�CPF�4QFGPVU

Because rodents and birds had been suggested as obsta-
cles to successful regeneration of ponderosa pine, a series 
of plots designed to exclude small rodents and birds was es-
WDEOLVKHG�QHDU� WKH�)9()�KHDGTXDUWHUV��5HVXOWV�RI� WKH�VWXG\�
showed that seedlings germinated on study plots did not sur-
vive except for those that were completely protected (Taylor 
DQG�*RUVXFK��������9HUWHEUDWHV�LPSOLFDWHG�LQ�WKH disappear-
DQFH�RI� VHHGOLQJV�ZHUH� WKH�JROGHQ�PDQWOHG�JURXQG� VTXLUUHO�
(Spermophilus lateralis��� 6WHOOHU¶V� MD\� �Cyanocitta stelleri��
DQG� QRUWKHUQ� ÀLFNHU� �Colaptes auratus��� 7KH� JUD\�FROODUHG�
chipmunk (Eutamias cinereicollis��DQG�ZKLWH�IRRWHG�PRXVH�
(Peromyscus maniculatus��PD\�DOVR�KDYH�NLOOHG�VHHGOLQJV�

7D\ORU�DQG�*RUVXFK��������VXJJHVWHG�WKDW�UHSURGXFWLRQ�RI�
SRQGHURVD�SLQH�LQ�WKH�6RXWKZHVW�GHSHQGV�RQ�D�JHQHURXV�VHHG�
crop and favorable rains the following year—a combina-
tion that occurs only at intervals, but when a positive season 
happens, regeneration takes place in spite of all obstacles. A 
PDMRU�FRQFOXVLRQ�RI�WKH�7D\ORU�DQG�*RUVXFK�H[FORVXUH�VWXG\�
was that under natural conditions seed-eating rodents and 
birds have little or no detrimental effect on the long-term es-
tablishment of ponderosa pine or other trees. They also stated 
that their information does not justify control operations on 
birds or rodents, nor should conclusions from isolated inves-
tigations be extended too far.

3HDUVRQ� ������� FRQWLQXHG� WR� EHOLHYH� WKDW� GXULQJ� OLJKW�
or moderate seed years the seeds are largely consumed by 
rodents and it is only in exceptionally good years that the 
UHPDLQLQJ�VHHG�LV�OLNHO\�WR�EH�DGHTXDWH�IRU�UHJHQHUDWLRQ��+H�
stated that in dense stands this may not be serious and may 
perform a useful service by eliminating surplus stems, but 
ZKHUH� WKH� VWDQG� LV�DOUHDG\�GH¿FLHQW�HYHU\�NLOO�RU�GHIRUPHG�
seedling represents a loss. In addition to small rodents, the 
larger jack rabbits (Lepus VSS�� eat pine needles and buds in 
winter. Fortunately, they are not abundant in pine and higher 
forest types but their numbers have increased noticeably dur-
LQJ�WKH�SDVW����\HDUV��3HDUVRQ�������

Figure 1. Abert’s squirrel. USFS poto by D. R. Patton.

A forked tree is a common result of porcupine (Erethizon 
dorsatum�� DFWLYLW\� WKDW�ZDV� UHSRUWHG� IRU� SRQGHURVD� SLQH� DW�
)RUW�9DOOH\� �3HDUVRQ��������3RUFXSLQHV�JLUGOH� WKH� VWHPV�RI�
seedlings and saplings near the ground. As the trees increase 
in size the porcupines transfer their activities to the upper por-
WLRQ�RI�WKH�WUXQN��<RXQJ�WUHHV�IURP���WR����LQFKHV�LQ�GLDPHWHU�
are often deformed and become “wolf trees” to such degree 
as to render them worthless for lumber. Effective control of 
porcupines is by poisoning and shooting as complementary 
PHDVXUHV�� 3HDUVRQ� ������� HQFRXUDJHG� IRUHVW� VWDII� WR� FDUU\�
shotguns and “kill the creatures.”

&GGT�$TQYUKPI

Injury to ponderosa pine from browsing seedlings was 
observed at Fort Valley during the late summer of 1925 
DQG�������3HDUVRQ��������/LYHVWRFN� �FDWWOH�DQG�VKHHS��DQG�
EURZVLQJ�JDPH�DQLPDOV��GHHU��DV�ZHOO�DV� WLS�PRWKV��FDXVHG�
the most injury to seedlings older than three years, whereas 
rodents were largely responsible for cutting off tops of the 
younger seedlings. In a range-timber study to determine the 
HIIHFWV�RI�EURZVLQJ��&RRSHUULGHU��������IRXQG�WKDW�PXOH�GHHU�
(Odocoileus hemionus���LQ�FRQWUDVW�WR�WKH�RWKHU�DQLPDOV�VWXG-
ied, may destroy terminal buds soon after shoot elongation 
begins in spring. On parts of the experimental forest where 
deer congregated, shoots were browsed in May during the 
early stages of growth before livestock were on these ranges.

Deer tended to concentrate on areas where grazing by 
GRPHVWLF� OLYHVWRFN� LV� OLJKW� �3HDUVRQ� ������� 2Q� WZR� DUHDV�
OLJKWO\�VWRFNHG�ZLWK�GRPHVWLF�DQLPDOV�VLQFH�������EURZVLQJ�
increased noticeably and so did the number of deer. In 1944 
both areas were unused by domestic animals, but browsing 
E\� GHHU� FRQWLQXHG�� 3HDUVRQ� HPSKDVL]HG� WKH� LPSRUWDQFH� RI�
proper stocking by both deer and domestic livestock. He sug-
gested that the best control measure for damage to ponderosa 
pine by deer is reduction of their numbers through regulated 
hunting.

Abert’s Squirrel

$W�)RUW�9DOOH\��3HDUVRQ��������IRXQG�WKDW�WZLJ�FXWWLQJ�RQ�
ponderosa pine was the most injurious activity of the Abert’s 
VTXLUUHO� GXULQJ� ZLQWHU� PRQWKV�� +H� VWDWHG� WKDW� UHPRYDO� RI�
WZLJV�IURP�WKH�ORZHU�EUDQFKHV�ZRXOG�QRW�EH�VHULRXV�EXW�VTXLU-
rels prefer active shoots from the upper portion of the crown, 
especially the terminal and the upper laterals. Besides loss of 
foliage, removal of these stems automatically destroys most 
RI�WKH�¿UVW�\HDU�FRQHV��3HDUVRQ�VWDWHG�WKDW�VDSOLQJV�DQG�SROHV�
suffer most because of the loss of terminal shoots that retards 
KHLJKW�JURZWK�DQG�PD\�GHIRUP� WKH�EROH��$OWKRXJK� VTXLUUHO�
DFWLYLW\� KDV� EHHQ� QRWLFHDEOH� GXULQJ� WKH� SDVW� ��� \HDUV�� LW� LV�
only in the last decade that damage has attained such propor-
WLRQV�DV�WR�EH�D�FDXVH�RI�FRQFHUQ��3HDUVRQ�������

$W� WKH� UHTXHVW� RI� *��$�� 3HDUVRQ�� WKH� )LVK� DQG�:LOGOLIH�
6HUYLFH�DQG�$UL]RQD�*DPH�DQG�)LVK�'HSDUWPHQW�LQLWLDWHG�D�
SURMHFW�RQ�WKH�$EHUW¶V�VTXLUUHO�WR������UHGXFH�WKH�SRSXODWLRQ�RI�
VTXLUUHOV�E\�KXQWLQJ��WUDSSLQJ�DQG�UHORFDWLQJ�DQG������VHFXUH�
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TXDQWLWDWLYH�GDWD�DERXW�VTXLUUHO�SRSXODWLRQV��7URZEULGJH�DQG�
/DZVRQ� ������ 6RPH�RI� WKH� JHQHUDO� ¿QGLQJV�ZHUH�� ���� FXW�
and sparsely timbered lands have less than one-half as many 
VTXLUUHOV� SHU� XQLW� DUHD� DV� VWDQGV� RI� YLUJLQ� SRQGHURVD� SLQH�� 
����DSSUR[LPDWHO\�WKUHH�VTXLUUHOV�SHU�KRXU�FRXOG�EH�KDUYHVWHG�
under all conditions of weather, forest type, and hour of the 
GD\��DQG�����VTXLUUHO�DFWLYLW\�ZDV�PRVW�SURQRXQFHG�GXULQJ�WKH�
morning hours.

The Need for Research

³:KHUH�LV�WKH�IRUHVW�ELRORJLVW"´�DVNHG�(��1��0XQQV��������
in an article in the Journal of Forestry. He stated that wildlife 
research from a forest point of view had not yet been under-
taken except from the standpoint of control. A year later, also 
in the Journal of Forestry, the need for research and more in-
IRUPDWLRQ�E\�PDQDJHUV�ZDV�H[SUHVVHG�E\�7D\ORU������� when 
he was making the case that publications about silviculture 
were relatively numerous, but one must search to discover 
information on forest biology even though the problems of 
forest production are fundamentally biological.

The forest is a community of specialized living 
organisms, including certain plants and ani-
mals. The trees, to which so large a percentage 
of research is directed, are but one expression 
of the life in this community. The grass, weeds, 
and browse are others, and the birds, mammals, 
insects, reptiles, and lower animal forms are 
still others. In order to secure the best results 
in production of trees we must acquire a scien-
WL¿F�NQRZOHGJH�RI� WKH�SUHGRPLQDQW�RUJDQLVPV��
throughout the entire forest biota (Taylor 1927).

5HVHDUFK� RQ� ZLOGOLIH� DV� PRUH� WKDQ� GHVWUXFWLYH� DJHQWV�
changed after forester Aldo Leopold published his textbook 
RQ�*DPH�0DQDJHPHQW�LQ�������7KH�IROORZLQJ�\HDU��WKH�)LVK�
DQG� :LOGOLIH� &RRUGLQDWLRQ� $FW� ZDV� HQDFWHG�� ,Q� ����� WKH�
)RUHVW�6HUYLFH�KLUHG�'U��+RPHU�6KDQW]�DV�WKH�¿UVW�'LUHFWRU�
RI� :LOGOLIH� 0DQDJHPHQW�� 3UHVLGHQW� 5RRVHYHOW� VLJQHG� WKH�
)HGHUDO�$LG� LQ�:LOGOLIH� 5HVWRUDWLRQ�$FW� LQWR� ODZ� LQ� ������
While most of the concerns about damage to ponderosa pine 
by birds and mammals could not be addressed at Fort Valley, 
they were later incorporated into studies that were to become 
SDUW�RI�WKH�)RUHVW�6HUYLFH¶V�UHVHDUFK�PLVVLRQ�SDUWLFXODUO\�DIWHU�
WKH�SDVVDJH�RI�WKH�0XOWLSOH�8VH�6XVWDLQHG�<LHOG�$FW�RI������

Southwestern Ponderosa Pine

6LOYLFXOWXUH� RI� VRXWKZHVWHUQ� SRQGHURVD� SLQH� �6FKXEHUW�
������ZDV�SXEOLVKHG�WR�XSGDWH�3HDUVRQ¶V�ZRUN���������7KH�
UHSRUW� FRQWLQXHG� 3HDUVRQ¶V� FODVVL¿FDWLRQ� RI� ELUGV�� VPDOO�
mammals, deer, elk (Cervus elaphus��DQG�VKHHS�DV�GDPDJ-
LQJ� DJHQWV� WR� SRQGHURVD� SLQH�� 6FKXEHUW� DQG�$GDPV� �������

determined that loss could be reduced by direct seeding and 
using a nonpoisonous chemical (Thiram��DV�D�UHSHOOHQW�RU�E\�
covering the seeds with soil. An option to reducing damage to 
seedlings is by spraying them with Thiram (Dietz and Tigner 
������+HLGPDQQ� �������:KLOH� GDPDJH� WR� FRQH� SURGXFWLRQ�
E\�WKH�$EHUW¶V�VTXLUUHO�KDV�DQ�DGYHUVH�LPSDFW�LW�PD\�QRW�EH�
VLJQL¿FDQW��/DUVRQ�DQG�6FKXEHUW��������,Q�KLV�HQGLQJ�VXP-
PDU\�� 6FKXEHUW� UHSHDWHG�7D\ORU¶V� ������� FRPPHQW� WKDW�ZH�
need to know how ponderosa pine and other plants and ani-
mals reproduce, grow, and interact with each other and with 
the physical environment.

A New Direction

7KH� ¿UVW� )RUHVW� 6HUYLFH� ZLOGOLIH� UHVHDUFK� SURMHFW� LQ�
$UL]RQD�ZDV�LPSOHPHQWHG�LQ�������'U��+XGVRQ�*��5H\QROGV�
ZDV�WUDQVIHUUHG�IURP�WKH�6DQWD�5LWD�([SHULPHQWDO�5DQJH�WR�
WKH�FDPSXV�RI�$UL]RQD�6WDWH�8QLYHUVLW\�LQ�7HPSH�WR�EH�WKH�
3URMHFW�/HDGHU�ZLWK�D�QHZ�SUREOHP�VWDWHPHQW�

To determine the effects of management prac-
tices on the habitat and populations of forest 
wildlife such as deer, elk, turkey (Meleagris gal-
lopavo), nongame birds, and squirrels.

As a result of an increased research effort by the Forest 
6HUYLFH��LQ�FRRSHUDWLRQ�ZLWK�VWDWH�DQG�IHGHUDO�DJHQFLHV��WKHUH�
is now considerable wildlife information available for man-
agers to use in the ecosystem management, planning, and 
GHFLVLRQ�PDNLQJ�SURFHVV� IRU�1DWLRQDO�)RUHVWV��6RPH�H[DP-
SOHV�RI�UHVHDUFK�FRPSOHWHG�IURP������������ZKLFK�IRFXVHG�
primarily on the ponderosa pine ecosystem, show the depth 
and breadth of research on wildlife in Arizona:

�� XVH�E\�GHHU��HON�DQG�FDWWOH��5H\QROGV�������
�� thinning, clear cutting, and reseeding affect on deer and 

HON�XVH��3HDUVRQ�������
�� IROLDJH�XVH�E\�ELUGV��%DOGD�������
�� roost tree characteristics for Merriam’s turkey (Boeker 

DQG�6FRWW�������
�� a treatment prescription for improving big game habitat 

�&ODU\�������
�� response of deer and elk to watershed treatments (Neff 

������
�� UHSURGXFWLYH�ELRORJ\�DQG�IRRG�KDELWV�RI�$EHUW¶V�VTXLUUHOV�

�6WHSKHQVRQ�������
�� $EHUW¶V�VTXLUUHO�FRYHU�UHTXLUHPHQWV��3DWWRQ��������DQG
�� IRRG�VHOHFWLRQ�RI�VPDOO�URGHQWV��*RRGZLQ�������

While the studies listed were in progress, others were 
added to the research program in ecosystems adjacent to 
ponderosa pine. These included the effects of grazing on ri-
parian habitat, management of cavity nesting birds, habitat 
UHTXLUHPHQWV�RI�HQGDQJHUHG�ELUGV�DQG�¿VK��DQG�GHYHORSPHQW�
of habitat models for forest wildlife species.
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Ponderosa Pine and the 
Abert’s Squirrel

$OWKRXJK�PXFK�RI�WKH�FRQFHUQ�DERXW�WKH�GDPDJH�LQÀLFWHG�
WR�SRQGHURVD�SLQH�E\�$EHUW¶V�VTXLUUHO�DFWLYLW\�ZDV�UHGXFHG�E\�
WKH� WLPH�RI�6FKXEHUW¶V� �������SXEOLFDWLRQ�� WKHUH�ZDV� VWLOO� D�
need to continue research to fully document the relationship 
of the Abert’s dependence on ponderosa pine for survival 
particularly as it related to timber harvesting. A summary of 
UHVHDUFK�¿QGLQJV�IURP������WR������ZLOO�LQGLFDWH�WKH�VWDWH�RI�
NQRZOHGJH�RI�$EHUW¶V�VTXLUUHO�HFRORJ\�DV�ZH�NQRZ�LW�WRGD\�

7KH�SUHVHQW�GLVWULEXWLRQ�RI�$EHUW¶V�VTXLUUHO�LV�EHOLHYHG�WR�
have resulted from the disappearance of ponderosa pine from 
ORZ�HOHYDWLRQV�EHFDXVH�RI�FKDQJHV�LQ�FOLPDWH��0F.HH��������
7KH�$EHUW¶V�VTXLUUHO�GLG�QRW�DGDSW�WR�RWKHU�YHJHWDWLRQ�W\SHV�
and over thousands of years moved upward with the reced-
LQJ�SLQH�IRUHVW��7KH�JHRJUDSKLF�UDQJH�RI�$EHUW¶V�VTXLUUHOV�LV�
the same as the range of ponderosa pine in Arizona, New 
0H[LFR��&RORUDGR�� DQG�8WDK� �)LJXUH� ���� 3RQGHURVD� SLQH� LV�
used both for food and cover provided by density and size of 
WUHHV��)DUHQWLQRV�������.HLWK�������3DWWRQ�������������DQG�
FKDQJHV�LQ�WKHVH�WZR�IRUHVW�FKDUDFWHULVWLFV�FDQ�DIIHFW�VTXLUUHO�
SRSXODWLRQV��3DWWRQ�������������������

A considerable amount of research has been devoted to de-
VFULSWLRQV�RI�KDELWDW�XVHG�E\�$EHUW¶V�VTXLUUHOV�DQG�WR�SURYLGH�
guidelines to maintain their habitat under different manage-
PHQW�UHJLPHV��$V�D�UHVXOW��JRRG�VTXLUUHO�KDELWDW�WR�SURYLGH�ERWK�
food and cover can be described as: a stand density averaging 
120 to 160 trees per acre with an average diameter of 12 to 15 
LQFKHV��$Q�LPSRUWDQW�SDUW�RI�WKLV�VL]H�DQG�GHQVLW\�FRQ¿JXUDWLRQ�
LV�WKH�LQWHUORFNLQJ�RI�QHVW�WUHH�FURZQV�LQ�D�]RQH�IURP����WR����

IHHW�LQ�WKH�FDQRS\��)LJXUH�����7KH�LQWHUORFNLQJ�IHDWXUH�SURYLGHV�
protection for the nest site and many escape routes from preda-
tors. More recent studies have used remotely sensed data of 
canopy cover, basal area, and tree density to develop landscape 
models for predicting the effects of forest management prac-
WLFHV�RQ�VTXLUUHO�SRSXODWLRQV��3UDWKHU�DQG�RWKHUV�������

Figure 2. Distribution map of ponderosa pine and the Abert’s 
squirrel in Arizona, New Mexico, Colorado, and Utah.

Figure 3. Abert’s squirrel nest 
zone in ponderosa pine.
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Environmental factors of predation by raptors, severe 
winters, and poor cone crops keep the Abert’s population in 
EDODQFH��.HLWK�������6WHSKHQVRQ�DQG�%URZQ��������:LQWHU�
VXUYLYDO�RI� WKH�$EHUW¶V� VTXLUUHO� LQ�FHQWUDO�$UL]RQD�KDV�EHHQ�
found to be inversely related to duration of snow cover (Dodd 
DQG�RWKHUV��������6QRZ�FRYHU�DV�D�IDFWRU�LQÀXHQFLQJ�VTXLUUHO�
PRUWDOLW\�KDG�SUHYLRXVO\�EHHQ�LGHQWL¿HG�E\�6WHSKHQVRQ�DQG�
%URZQ��������

$OWKRXJK� WKHUH� LV� VRPH� LQGLFDWLRQ� WKDW� VTXLUUHOV� SUHIHU�
FHUWDLQ�WUHHV�IRU�IHHGLQJ��+DOO��������FRXOG�QRW�YDOLGDWH�WKLV�
difference in his chemical analyses of ponderosa pine on the 
.DLEDE�1DWLRQDO�)RUHVW��1XWULWLRQDO�YDOXH�RI�SRQGHURVD�SLQH�
twigs had four to six percent protein and seven percent fat in 
the Beaver Creek Watershed on the Coconino National Forest 
LQ�6HSWHPEHU��3DWWRQ��������7KLV�LQGLFDWHV�WKDW�D�GLHW�RI�LQQHU�
EDUN�LQ�ZLQWHU�PRQWKV�ZLWKRXW�RWKHU�IRRG�FRXOG�SXW�VTXLUUHOV�
in a weak condition for survival.

7KHUH� LV�QR�GRXEW� WKDW� VTXLUUHOV�� HVSHFLDOO\�ZKHQ�SRSXOD-
tions are high, have the potential of consuming large amounts 
of inner bark from twigs and seeds from cones. From these ac-
tivities there is also a loss of green needles and in one instance 
WKH�OLWWHU�ZDV������OE�DF��IRU�D������DF��VWXG\�DUHD��$OOUHG�DQG�
*DXG��������&DOFXODWHG�QLWURJHQ�LQ�SRQGHURVD�SLQH�VWDQGV�WKDW�
LV�UHWXUQHG�WR�WKH�IRUHVW�ÀRRU�ZDV�����OE�DF��FRPSDUHG�ZLWK�DU-
HDV�ZKHUH�WKHUH�LV�QR�VTXLUUHO�IHHGLQJ�DFWLYLW\��6NLQQHU�������

Evidence exists for a rest-rotation process in feed tree se-
OHFWLRQ�� ,Q�D�¿YH�\HDU�VWXG\�RQ�������SHUPDQHQWO\� LGHQWL¿HG�
pine trees on the Coconino National Forest, 56 percent were 
XVHG�RQH�LQ�IRXU�\HDUV�����SHUFHQW�ZHUH�XVHG�WZR�LQ�IRXU�\HDUV��
���SHUFHQW�ZHUH�XVHG� WKUHH� LQ� IRXU�\HDUV��DQG�RQO\� WZR�SHU-
FHQW�ZHUH�XVHG� LQ�DOO� IRXU�\HDUV� �)IROOLRWW� DQG�3DWWRQ��������
7KLV�¿QGLQJ�LV�FRQWUDU\�WR�WKH�³\HDU�DIWHU�\HDU´�XVH�UHSRUWHG�E\�
/DUVRQ�DQG�6FKXEHUW���������,Q�DGGLWLRQ�WR�XVLQJ�SLQH�SURGXFWV�
IRU�IRRG�WKH�$EHUW¶V�VTXLUUHO�LV�NQRZQ�WR�EH�D�PDMRU�FRQVXPHU�
RI�WUXIIHOV��6WHSKHQVRQ�������

6XEWHUUDQHDQ� PXVKURRPV� DUH� SULPDULO\� DVVRFLDWHG� ZLWK�
intermediate to mature pine stands with high canopy densi-
WLHV��6WDWHV��������:KLOH�IRUDJLQJ�VTXLUUHOV�H[FDYDWH�SLWV�WR�
get the mycorrhizal fruiting bodies there also is a soil tilling 
effect that tends to create traps for moisture, helps in nutri-
ent redistribution, and inoculates pine roots with mycorrhizal 
VSRUHV� �)LJXUH����$OOUHG� DQG�*DXG��������6WXGLHV� WR�GHWHU-
PLQH�VTXLUUHO�XVH�RI�GLIIHUHQW�IXQJL�VSHFLHV�VKRZHG�D�KLJKHU�
use in August than in January or April, and fungal content in 
the diet was positively related to basal area of tree species 
�'RGG�DQG�RWKHUV�������

7KH�¿UVW� HVWLPDWH� RI� WKH�$EHUW¶V� VTXLUUHO¶V� KRPH� UDQJH�
DQG�VSDFH�UHTXLUHPHQWV�ZDV�PDGH�LQ�SRQGHURVD�SLQH�VWDQGV�
DW�)RUW�9DOOH\��7URZEULGJH�DQG�/DZVRQ��������8VLQJ�WUDYHO�
distance between captures of marked animals as a radius, 
the approximate home range was 18 acres. In the Beaver 
&UHHN�:DWHUVKHG��VTXLUUHOV�ZHUH� WDJJHG�ZLWK�UDGLR�FROODUV�
WR� GHWHUPLQH�PRYHPHQW� DQG� QHVW� WUHH� XVH� �3DWWRQ� ����D���
7KH�KRPH� UDQJH�YDULHG� IURP���� WR���� DFUHV� DQG� VTXLUUHOV�
used two to six nests. The longest distance recorded for 
WUDYHO�E\�RQH� VTXLUUHO� DZD\� IURP�D�QHVW� VLWH�ZDV�DSSUR[L-
mately four miles as determined by radio tracking. On the 

$SDFKH�6LWJHDYHV�1DWLRQDO�)RUHVW�DW�RQH�VWXG\�VLWH�D�QHVW�
tree was used for ten years and maintained with new ma-
WHULDO� HDFK�\HDU� �)LJXUH� ���3DWWRQ�����D���6WXGLHV� RQ�QHVW�
WUHH�VHOHFWLRQ��6Q\GHU�DQG�/LQKDUW�������RQ�WKH�)RUW�9DOOH\�

Figure 5. Abert’s squirrel nest in ponderosa pine, Coconino 
National Forest. USFS photo by D.R. Patton.

Figure 4. Hole dug by Abert’s squirrel hunting for mushrooms, 
Coconino National Forest. USFS photo by D.R. Patton.
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Experimental Forest indicate that tree chemistry is involved 
in selecting nest trees over other trees.

3RJDQ\�DQG�$OOUHG��������DQG�$OOUHG�DQG�3RJDQ\��������
VXJJHVWHG�WKDW�$EHUW¶V�VTXLUUHOV�KDYH�PRUH�WKDQ�RQH�EUHHG-
ing season each year. The maximum amount of sperm in 
males occurred through March and April with sperm still in 
the vas deferens�DV�ODWH�DV�-XQH��3RJDQ\�DQG�$OOUHG��������
'DWD�UHVXOWLQJ�IURP�HLJKW�\HDUV�RI�WUDSSLQJ�VTXLUUHOV�RQ�WKH�
.DLEDE�1DWLRQDO�)RUHVW�ZHUH�XVHG�WR�GHYHORS�D�OLIH�WDEOH�WR�
GRFXPHQW�WKH�VXUYLYDO�DQG�PRUWDOLW\�RI�D�FRKRUW�IURP������
WR������ �3DWWRQ��������)URP�DQ�RULJLQDO�SRSXODWLRQ�RI����
VTXLUUHOV�����UHPDLQHG�LQ�\HDU�WZR�����LQ�\HDU�WKUHH�����LQ�
\HDU�IRXU����LQ�\HDU�¿YH��DQG���LQ�\HDU�VL[�ZKHQ�WKH�VWXG\�
HQGHG��7DEOH����

6JG�(QTV�8CNNG[�+PĠWGPEG

Located within the 1.8 million acre Coconino National 
)RUHVW�� WKH� LQÀXHQFH� WKDW� )RUW�9DOOH\� KDG� RQ� VHWWLQJ� D� GL-
UHFWLRQ� IRU� )RUHVW� 6HUYLFH� 5HVHDUFK� H[WHQGHG� EH\RQG� WKH�
Experimental Forest boundary. The research effort on 
ponderosa pine was fortuitous because it was not just an 
important timber resource—it also contains habitat for over 
����ZLOGOLIH�VSHFLHV��7KH�LGHD�H[SUHVVHG�E\�7D\ORU��������
that we must have knowledge of the entire forest biota to 
understand the production of trees was an early projection 
of the current direction of ecosystem management by the 
8�6��)RUHVW�6HUYLFH²LW�MXVW�WRRN�D�ORQJ�WLPH�WR�KDSSHQ��,Q�
the meantime, knowledge began to accumulate that animals 
DUH�SDUW�RI�WKH�QXWULHQW�F\FOLQJ�DQG�HQHUJ\�ÀRZ�SURFHVV�WKDW�
makes forests function as ecological systems.

,I�WKH�GDPDJH�WR�SRQGHURVD�SLQH�ZDV�DV�JUHDW�DV�¿UVW�SUH-
GLFWHG��&R[��%RZOHV��LQ�7D\ORU��������3HDUVRQ��������WKHQ�
we would not have ponderosa pine today at Fort Valley or 
WKH�QDWLRQDO� IRUHVWV� VXUURXQGLQJ�)ODJVWDII��3RQGHURVD�SLQH�
ZLWK�LWV�DQLPDO�FRPSRQHQWV��LQFOXGLQJ�WKH�$EHUW¶V�VTXLUUHO��
has functioned as an ecosystem for thousands of years. It 
appears, from what we now know, discounting dramatic cli-
mate change, that future generations will continue to enjoy 
ERWK� WKH�$EHUW¶V� VTXLUUHO� DQG� SRQGHURVD� SLQH� IRU� DQRWKHU�
several thousand years.
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The content of this paper reflects the views of the author(s), who are 
responsible for the facts and accuracy of the information presented 
herein.
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$�YLVLW�WR�)RUW�9DOOH\�LQ������DV�D�IRUHVWU\�VWXGHQW�OHG�PH�
WR� DSSO\� IRU� D� SRVLWLRQ�� ,� UHWXUQHG� LQ� ����� DV� DQ�$VVLVWDQW�
)LHOG�$VVLVWDQW�DW��������SHU�\HDU��0U��3HDUVRQ�PHW�PH�DW�WKH�
6DQWD�)H� GHSRW�� )RUW�9DOOH\� SURSHU�ZDV� DQ� RSHQ�SDUN�ZLWK�
GDLU\�IDUPV�VHSDUDWHG�E\�]LJ]DJ�UDLO�IHQFHV��7KH�6WDWLRQ�ZDV�
on a slight rise adjacent to the west of the park, surrounded by 
tall relics of a ponderosa pine forest with a beautiful view of 
WKH�6DQ�)UDQFLVFR�3HDNV��7KHUH�ZDV�D�WZR�VWRU\�RI¿FH�DSDUW-
ment building, a circle of residences and an enclosed water 
tower. The central area was landscaped with spruces brought 
down from the mountain. Their new growth was frostbitten, 
unadapted to the warmer temperatures of the lower elevation 
followed by late frosts. Aluminum wind shields surrounded 
a snow gauge.

7KH� UHVHDUFK� VHDVRQ� DW� WKH� 6WDWLRQ� ZDV� IURP�$SULO� WR�
'HFHPEHU�� ZLWK� VQRZ� DW� ERWK� HQGV�� 5HVLGHQWV� DW� WKH� WLPH�
ZHUH�� *XV� DQG� 0D\� 3HDUVRQ�� *XV� KDYLQJ� UHFHQWO\� UHOLQ-
TXLVKHG� WKH� 'LUHFWRUVKLS� RI� WKH� 6RXWKZHVWHUQ� )RUHVW� DQG�
5DQJH�([SHULPHQW�6WDWLRQ�WR�UHWXUQ�WR�UHVHDUFK��*HRUJH�DQG�
)ORUHQFH�0HDJKHU� DQG� WKHLU� FRFNHU� ³&UXVW\�´�ZLWK�*HRUJH�
studying woodland regeneration, juniper post durability, 
DQG�DVSHQ�DW�+DUW�3UDLULH��(G�DQG�6DOO\�&UDIWV��(G�RQ�UDQJH�
HFRORJ\� DQG� HFRQRPLFV��(OEHUW� �'RF��/LWWOH� XVLQJ� FXUUHQW�
\HDU� SLxRQ� SLQH� ÀRZHULQJ� LQ� WKH� 1DYDMR� 5HVHUYDWLRQ� WR�
locate next year’s crops of nuts for Indian collection and 
VDOH�LQ�1HZ�<RUN��DQG�%HUW�DQG�/\GLD�/H[HQ��ZLWK�%HUW�RQ�
biometry. Also living there were: Ed Martin, property man-
DJHU��DQG�)ORUHQFH�&DU\��DFFRXQWDQW��ZKR�ODWHU�PDUULHG��DQG�
*HRUJLD� 6DYDJH� VHUYHG� DV� VHFUHWDU\� DQG� UHFRUGHG� WKH� WUHH�
growth data on atlas sized sheets stored in a closet. A retired 
cowpuncher, Mr. Oldham, kept things running. Hermann 
.UDXFK��D�VLOYLFXOWXULVW��FDPH�SHULRGLFDOO\�EXW�ZRUNHG�PRUH�
DW� &RXOWHU� 5DQFK� VRXWK� RI� )ODJVWDII�� DQG� ZDV� FRQFHUQHG�
DOVR�ZLWK�'RXJODV�¿U�DW�KLJKHU�HOHYDWLRQV�QHDU�&ORXGFURIW��
1HZ�0H[LFR��&KDUOHV�&RRSHUULGHU��+XJK�&DVVLG\��*HRUJH�
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Memories of Fort Valley From 1938 to 1942

Frank H. Wadsworth, (ret.), Research Forester, USFS International Institute of 
Tropical Forestry, San Juan, PR

Abstract—This delightful essay records Frank Wadsworth’s early forestry career at FVEF in 
the late 1930s. Frank married Margaret Pearson, G.A. and May Pearson’s daughter, in 1941. 
Pearson believed Frank could not continue to work for him because of nepotism rules, so 
Frank and Margaret moved to San Juan, Puerto Rico in 1942 where Frank continued his 
forestry career. His retirement now includes writing up research that he didn’t get to while 
employed and tending his multi-acre orchards in Puerto Rico.

*OHQGHQLQJ�� DQG� .HQ� 3DUNHU� RI� WKH� UDQJH� UHVHDUFK� VWDII�
PDGH� RFFDVLRQDO� YLVLWV�� /DNH� *LOO� DQG� 6WXDUW� $QGUHZV�
RI� WKH� $JULFXOWXUDO� 5HVHDUFK� $GPLQLVWUDWLRQ� FDPH� IURP�
$OEXTXHUTXH�SHULRGLFDOO\� WR�VWXG\�IRUHVW�SDWKRORJ\��:DOGR�
*ORFN��RI�WKH�8QLYHUVLW\�RI�0LQQHVRWD��DQG�VWXGHQWV�YLVLWHG�
and worked on dendrochronology.

,�ZDV�VHQW�WR�WKH�TXDUWHUV�IRU�EDFKHORUV�DQG�YHKLFOHV�ZLWK�
Doc Little. We came to an agreement about cooking and dish 
ZDVKLQJ��.LWFKHQ�HI¿FLHQFLHV�,�SLFNHG�XS�WKHUH�ZHUH�OLDELOL-
ties in later married life. We had to refrigerate immediately 
the milk from down in the valley placed daily on the step be-
IRUH�OLJKWQLQJ�VRXUHG�LW��2Q�6XQGD\V�'RF�WULHG�UHFLSHV�IURP�
IRRG�ER[HV��OLNH�FDNH�IURP�%LVTXLFN��$Q�H[SHULPHQW�ZLWKRXW�
UHSOLFDWLRQ�ZDV�D�WXUQLS�SLH��'RF��DQ�DYLG�¿HOG�ERWDQLVW��ZDV�
FROOHFWLQJ�WKH�ÀRUD�DERYH�WLPEHUOLQH��2QH�ZHHNHQG�ZH�GURYH�
XS� WR� WKH�6SUXFH�&DELQ�ZHDWKHU� VWDWLRQ�DW�������� IHHW� DQG�
FOLPEHG�DERYH�WLPEHUOLQH�WR�$JDVVL]�3HDN��:KHQ�ZH�FDPH�
down our pickup had disappeared. We spent a cool night 
DOWHUQDWLQJ�EHWZHHQ�VOHHSLQJ�FXUOHG�XS�DURXQG�D�¿UH�DQG�SUH-
YHQWLQJ�WKH�VOHHSHU�IURP�EXUQLQJ��$W�WKDW�HOHYDWLRQ�WKH�¿UVW�
OLJKW�DUULYHG�DW�DERXW���$0��DQG�ZH�VRRQ�IRXQG�RXU�TXDUU\�

*XV�3HDUVRQ¶V� UHVHDUFK�ZDV�RQ�ZKDW�ZDV�VDLG� WR�EH� WKH�
world’s most extensive pure pine forest (with apologies to 
Juniperus deppeana, Quercus gambeli, and Robinia neo-
mexicana���H[WHQGLQJ�IURP�WKH�.DLEDE�DQG�3UHVFRWW�1DWLRQDO�
)RUHVWV�LQ�FHQWUDO�$UL]RQD�WR�WKH�*LOD�LQ�FHQWUDO�1HZ�0H[LFR��
*XV¶V�LQWHQVH�GHGLFDWLRQ��FRQVWDQWO\�YLVLEOH��DSSHDUHG�WR�EH�
WKDW� RI� DQ� H[HPSODU\� HPSOR\HH��:LWK� SULGH� DQG� KDW�� *XV�
ZRUH�D�ZHOO�SUHVVHG�)RUHVW�6HUYLFH�XQLIRUP�IRU�RI¿FLDO�EXVL-
ness in town. He recounted to me his studies of climate up 
WKH�3HDNV� LQFOXGLQJ� WKH�ZLQWHU��ZK\� WKH�SDUNV�DUH� WUHHOHVV��
and his failures with pine planting. Apparently because of 
SDVW�)RUHVW�5DQJHU�WUDLQLQJ�DW�)RUW�9DOOH\�LQ�ZKLFK�KH�ZDV�
LQYROYHG��*XV�ZDV�NQRZQ�WKURXJKRXW�WKH�6RXWKZHVW�5HJLRQ�
RI� WKH� )RUHVW� 6HUYLFH�� +LV� VFLHQWL¿F� ZULWLQJ�� DFFRUGLQJ� WR�
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+HQU\�&OHSSHU�RI�WKH�-RXUQDO�RI�)RUHVWU\��UHTXLUHG�QR�HGLW-
LQJ��D�UDUH�WULEXWH�IURP�DQ�HGLWRU��*XV�VDLG�WR�PH�WKDW�8QFOH�
6DP�ZDV�WKH�ZRUOG¶V�EHVW�HPSOR\HU�DQG�FDXWLRQHG�PH�QRW�WR�
PLVWUHDW�KLP��+H�H[SHFWHG�IXOO�XVH�RI�RI¿FLDO�WLPH�DQG�FDUH�
of vehicles, allowing one trip to town per week but not after 
dark. I still sense repeatedly the virtue of the high ethical 
VWDQGDUG�KH�V\PEROL]HG�DW�WKH�EHJLQQLQJ�RI�P\�RI¿FLDO�OLIH�

6KRUWO\� DIWHU� ,� DUULYHG�� WKH� 6WDWLRQ� VROG� IRU� ���� WR� D�
)ODJVWDII� GHDOHU� ³)RUHVW� 6HUYLFH� �����´� D� YHQHUDEOH� �����
)RUG� FRXSH�ZLWK� D� WUXQN�� ,� ERXJKW� LW� IRU� ����� KDG� WKH� HQ-
JLQH�UHERUHG��WKH�EUDNHV�¿[HG��DQG�IRXQG�WKDW�LW�UHVSRQGHG�
ZHOO�WR�SOLHUV�DQG�ZLUH��2Q�IUHH�WLPH�LW�WRRN�PH�WR�WKH�*UDQG�
&DQ\RQ�IRU�D�PRRQOLJKW�GHVFHQW�RQ�IRRW��WKURXJK�ÀRRGV�WKDW�
stalled other cars after Hopi snake dances, to the “dusty” 
*UDQG�)DOOV�RI�WKH�/LWWOH�&RORUDGR�5LYHU��WR�6FKQHEOH\�+LOO�
WR�ZDWFK�WKH�SURGXFWLRQ�RI�WKH�¿OP�³9LUJLQLD�&LW\�´�WKURXJK�
D�GHVHUW�ÀRRG�DORQJ�WKH�&DPLQR�GHO�'LDEOR�EHWZHHQ�$MR�DQG�
Tinajas Altas, and to Culiacan, deep in Mexico, and back.

My appointment at Fort Valley was fortunate but only 
temporary. The government offered so few “permanent” 
&LYLO�6HUYLFH� MREV�GXULQJ� WKH�GHSUHVVLRQ� WKDW� ,�KDG� WR� WDNH�
the Junior Forester examination three successive years to re-
main on the register. After about six months at Fort Valley I 
UHFHLYHG�D�&LYLO�6HUYLFH�DSSRLQWPHQW�ZLWK�WKH�3UDLULH�6WDWHV�
)RUHVWU\� 3URMHFW� �WKH� VKHOWHUEHOW�� LQ� 1HEUDVND�� 7R� UHIXVH�
LW�ZRXOG�GURS�PH�RII� WKH� UHJLVWHU� DQG� UHTXLUH� D� IRXUWK� H[-
amination to remain eligible to return to Fort Valley. The 

Figure 1. Frank Wadsworth on FVEF permanent sample plot S6A, amongst a mature 
stand of ponderosa pine. USFS photo 366890 by G.A. Pearson in August 1938.

downward slope of my progressive exam grades was such 
that I couldn’t chance this. The Ford took me through a 
)HEUXDU\�EOL]]DUG�LQ�.DQVDV�WR�(ZLQJ��1HEUDVND�

6L[�PRQWKV�ODWHU�,�UHFHLYHG�D�&LYLO�6HUYLFH�DSSRLQWPHQW�WR�
)RUW�9DOOH\�DV�D�-XQLRU�)RUHVWHU��,�OHIW�WKH�)RUG�ZLWK�P\�¿HOG�
worker and set off after supper in a new car. Beyond North 
3ODWWH�,�IHOO�DVOHHS�DQG�ZHQW�RII�WKH�URDG�RQWR�D�EHQHYROHQW�
wide shoulder. At the next opportunity I drank coffee for the 
¿UVW�WLPH��7KH�QH[W�QLJKW�LQ�WKH�:DVDWFK�0RXQWDLQV�HQWHULQJ�
Utah I came upon a barred owl perched on a dead rabbit. The 
owl had been injured so I stopped and threw a topcoat over 
it. As I wrapped it up a claw sunk into my hand, and I got to 
wondering about rabbit fever. Although it was after midnight 
ZKHQ�,�UHDFKHG�6DOW�/DNH�,�IRXQG�D�GRFWRU�DQG�D�WD[LGHUPLVW��
The following afternoon I reached Fort Valley.

I rejoined Doc Little. This time on a weekend we walked 
GRZQ� WR� WKH�5DLQERZ�%ULGJH� LQ�*OHQ�&DQ\RQ�� D� ���PLOHU��
Doc was slight physically and yet more able than I was to 
GHDO�ZLWK�WKH�����GHJUHHV�UHFRUGHG�DW�+ROEURRN�WKH�GD\�ZH�
FOLPEHG�RXW��$W�WKH�*ROGZDWHU�/RGJH��,�GUDQN����JODVVHV�RI�
water.

*XV�KDG�HVWDEOLVKHG�D�QHWZRUN�RI�SHUPDQHQW�VDPSOH�SORWV�
with tagged trees, some to 160 acres or more. The ones I 
NQHZ�LQFOXGHG�6���RQ�WKH�.DLEDE��ZLWK�6��$�UHTXLULQJ�D����
IRRW�GHHU�SURRI�IHQFH��6���LQ�WKH�FLQGHU�FRXQWU\�QHDU�6XQVHW�
&UDWHU� �VORZHU�JURZWK���6���RQ� WKH�EHVW� VLWH�RXWVLGH�RI� WKH�
PDOSDLV� LQ� /RQJ�9DOOH\� �WDOOHU� WUHHV��� 6��� DQG� 6��� EHVLGH�
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ZKDW� EHFDPH� +LJKZD\� ����� DQG� RWKHUV� RQ� WKH� 3UHVFRWW�
Forest downstate and on the Carson and the Datil Forests 
LQ�1HZ�0H[LFR��)URP�WKHVH�SORWV�DQG�KLV�FRXQWHUSDUWV�*XV�
had learned that his pines grew faster than those of Carlos 
Bates in the Black Hills, and that the ponderosas of Thornton 
0XQJHU� DQG�/HR� ,VDDF� LQ� WKH�3DFL¿F�1RUWKZHVW� DQG� WKRVH�
of Duncan Dunning in California were taller than in the 
6RXWKZHVW�

A major task of mine was tape remeasurement of the 
breast-height trunk diameters of the trees in the plots, start-
LQJ�ZLWK����\HDU�ROG�6����)RU� WKLV� ,�KDG�D�JRRG� WHFKQLFLDQ�
E\�WKH�QDPH�RI�3HQGHUJUDVV��,Q�DGGLWLRQ��WKLFNHWV�RI�VDSOLQJV�
and small poles had arisen beneath openings in the forest, 
SURGXFWV�RI�������������DQG�������WKH�RQO\�\HDUV�ZLWK�VSULQJ�
UDLQV� DGHTXDWH� WR� JHUPLQDWH� SLQH� VHHGV� EHIRUH� WKH\� ZHUH�
all eaten. These needed thinning, pruning and mistletoe re-
PRYDO��,�KDG�D�&LYLOLDQ�&RQVHUYDWLRQ�&RUSV�FUHZ��DW�¿UVW�RI�
young Mexican Americans, followed by others from some 
WRXJK�DUHD�LQ�3KLODGHOSKLD��)RU�D�SHULRG��WKH�XVH�RI�GRXEOH�
bitted axes by many of these young men was not forestry.

*XV� WKLQQHG� WKH� GHQVHVW� VDSOLQJ� VWDQGV� ZKHUH� ORJJLQJ�
was in progress by sending the log skidders directly through 
WKHP��3UXQLQJ�RI�PLVWOHWRH�IURP�EUDQFKHV�RQ�SROH�VL]HG�WUHHV�
just made it reappear on the central trunks, so the crews had 
to remove infected trees. We also were on the watch for Ips 
EDUN�EHHWOH�DWWDFNV�FRPPRQ�LQ�6���DQG�6����7KH\�UHTXLUHG�
removal of not only the yellowing trees but some of their 
still green neighbors with the newly emerged insects starting 
in them. Logging and thinning produced slash that was piled 
in openings and burned on calm days.

,Q�6����DSSDUHQWO\�*XV¶V�IDYRULWH��KH�KDG�XV�SUXQLQJ�ORZHU�
GHDG�EUDQFKHV�IURP�ODUJH�WUHHV��3ROH�VDZLQJ�RI�WKLFN�EUDQFK-
es was onerous. We saw it only as of cosmetic value since 
the trees looked too near to maturity to outgrow the stubs. 
I white-painted many stubs and recorded tree numbers and 
stem diameters at the stubs to follow occlusion. During a 
visit forty years later the paint was still visible.

)URP�D�SLQH�JURXS�EHVLGH�WKH�6WDWLRQ�HQWUDQFH�URDG�ORQJ�
EHIRUH�,�DUULYHG��*XV�KDG�KDUYHVWHG�WKH�GRPLQDQW�WUHHV��H[-
posing to full light formerly suppressed trees. He later noted 
WKDW�WKHLU�FURZQV�KDG�¿OOHG�RXW��,QFUHPHQW�ERULQJV�FRQ¿UPHG�
that increased growth had continued ever since release. A re-
VXOW�ZDV�,PSURYHPHQW�6HOHFWLRQ��D�VLOYLFXOWXUDO�SUDFWLFH�IRU�
)RUHVW�6HUYLFH�SRQGHURVD�SLQH� WLPEHU�VDOHV�DGRSWHG�E\� WKH�
6RXWKZHVW�5HJLRQ��7KHVH�VXSSUHVVHG�WUHHV��OHIW�DQG�UHOHDVHG�
from former root competition, despite their ages, promised 
a second harvest of clear boles before the regeneration ma-
WXUHG��,�VHW�XS�3ORW�6���RQ�WKH�HDVW�VLGH�RI�WKH�:LQJ�0RXQWDLQ�
URDG� ZKHUH� *XV� PDGH� D� GHPRQVWUDWLRQ� RI� ,PSURYHPHQW�
6HOHFWLRQ�

*XV�KDG�GLIIHUHQFHV�ZLWK�VRPH�PHPEHUV�RI� WKH�HFRV\V-
tem. Included were deer that browsed new pine growth, 
porcupines that girdled upper pine trunks (the day I shot a 
JDWKHULQJ�RI����,�ZDV�DOPRVW�SURPRWHG���$EHUW�VTXLUUHOV�WKDW�
raid maturing pine cones, and Ips beetles.

*XV�VDYHG�PRVW�RI�KLV�YLWULRO�IRU�JUD]LQJ�RQ�ZKDW�KH�FRQ-
VLGHUHG�ZHUH�SLQHODQGV��+H�DUJXHG�ZLWK�)UDQN�&�:��3RROHU��

5HJLRQDO�)RUHVWHU�� WKDW�RQ�WKH�&RFRQLQR�3ODWHDX�WKH�)RUHVW�
6HUYLFH�ZDV�JHWWLQJ�RQO\�D�SLWWDQFH�IRU�JUD]LQJ�SHUPLWV�ZKLOH�
pine growth on the same lands would produce seven times 
the value. Over time his pines won many a battle, reforesting 
clearings naturally, including, I’m told, much of the “Flag 
GHVHUW´�RI�P\�WLPH��0RUH�VSHFL¿FDOO\�*XV�FRQGHPQHG�FDWWOH�
WKDW�DWH�SLQH�WLSV��FDWWOHPHQ�ZKR�GLGQ¶W�FDUH��%DVTXH�VKHHS�
KHUGHUV�ZKRVH�ÀRFNV�WZLFH�D�\HDU�HQ�URXWH�IURP�WKH�GHVHUW�WR�
WKH�3HDNV�EHGGHG�GRZQ�LQ�6���DQG�FKHZHG�RQ�HYHU\WKLQJ�LQ�
VLJKW��HDWLQJ�WKH�IHVFXH�DQG�XSURRWLQJ�WKH�PRXQWDLQ�PXKO\��
and National Forest personnel and range researchers with 
LQVXI¿FLHQW�EDFNERQH� WR� UHFRPPHQG�NHHSLQJ� WKH�FDWWOH�RII�
National Forest “pinelands” until the new pine terminals had 
KDUGHQHG�E\�-XO\�¿UVW�

*XV¶V�SDVVLRQ�GLG�QRW�VSDUH�KLV�IHOORZ�VFLHQWLVWV��$IWHU�DQ�
DUJXPHQW� *XV� ZDV� UHSRUWHG� WR� KDYH� OHIW� +HUPDQQ� .UDXFK�
by a roadside. With a threat to “destroy professionally” 
Cooperrider and Cassidy in the Journal of Forestry if they 

Figure 2. Frank Wadsworth in a ponderosa pine forest near FVEF. 
USFS photo 421057 by G.A. Pearson in October 1941.
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published a manuscript using what he considered contrived 
photographs to allege that cattle eat pine leaders only be-
FDXVH� WKH\�DUH� WKLUVW\��*XV�JRW�'LUHFWRU�8SVRQ� WR�ZLWKKROG�
the publication.

*XV� GHWHVWHG� ZKDW� KH� FRQVLGHUHG� DQ� LGOH� LPSRVLWLRQ� RI�
VWDWLVWLFDO�FRQ¿UPDWLRQ�RQ�GHFDGHV�RI�KLV�DOUHDG\�SXEOLVKHG�
and widely recognized astute observations. A mathematically 
UREXVW�UHYLVLRQ�RI�KLV�3ORW�6���LQ�/RQJ�9DOOH\��IUDJPHQWLQJ�LW�
for replication and contrast, ended his interest in this, his best 
forest site. He said to me, “We are trying to learn about trees 
by looking at numbers.” Once I overheard him, obviously in 
exasperation, say to Bert Lexen, “I don’t care whether it is 
VLJQL¿FDQW��LV�LW�LPSRUWDQW"´�%HUW�DGPLWWHG�WR�PH�WKDW�KH�ZDV�
WU\LQJ�WR�SURYH�VWDWLVWLFDOO\�³ZKDW�*XV�DOUHDG\�NQRZV�´�0RUH�
memorable, however, was the fact that the strong professional 
differences between these two were not personal. The Lexens 
DQG�3HDUVRQV�DOWHUQDWHG�LQ�KRVWLQJ�IULHQGO\�6XQGD\�GLQQHUV�

7KH�3HDUVRQ�KRXVH��WKH�PRVW�H[SHQVLYH��KDG�LWV�EDWKURRP�
separated by one inch to comply, I was told, with a federal 
FHLOLQJ�RI��������RQ�UHVLGHQFHV��2Q�6XQGD\�PRUQLQJV�*XV�
was up early and made pancakes and I was invited. In the 
woods his lunch was a small can of tuna, a practice I still 
like. May, a native Arizonan, knew the state from Betatakin 
WR� %DERTXLYDUL��$Q� DGYHQWXURXV� JRRG� FRRN�� VKH� DUUDQJHG�
6XQGD\�SLFQLFV�DQG�JRW�*XV�WR�JR�E\�WHOOLQJ�KLP�RQO\�ZKHQ�
the lunch was in the car. To travel with them was a treat. 
7KH\�UHFDOOHG�KLVWRULF�HYHQWV�LQ�WKH�*UDQG�&DQ\RQ��IULHQGV�
LQ�1DYDMR�WUDGLQJ�SRVWV��DFTXDLQWDQFHV�OLYLQJ�LQ�2DN�&UHHN�
&DQ\RQ�DQG�LQ�6HGRQD��0D\��D�%DSWLVW��UHSRUWHGO\�JRW�*XV�
to go the nine miles to church in town only to discover that 
there he turned off his hearing aid. Their offspring, both 
now deceased, included a son, Arthur, an engineer who be-
FDPH�D�SLORW�RI� WKH�%���¶V�RI� WKH�$LU�)RUFH��DQG�0DUJDUHW�
�3HJJ\��ZKR�ZDV�D�FRQFHUW�VRSUDQR�

,Q�$SULO� �����ZKHQ� ,� ZDV� DERXW� WR�PDUU\� 3HJJ\�� *XV�
explained that under the anti-nepotism rules of the federal 
government I would have to take a transfer. During the ten 
months when none appeared we lived in the middle cottage, 
QH[W�WR�WKH�&UDIWV��&URVVLQJ�WKH�FRPSRXQG�WRZDUG�WKH�RI¿FH�
RQH�QLJKW�,�KHDUG�WKURXJK�GHQVH�VQRZÀDNHV�ZKDW�VRXQGHG�
like a cat’s meow. It was a fawn with a back leg dangling. It 
followed me back to our house, went in and lay down on the 

The content of this paper reflects the views of the author(s), who are 
responsible for the facts and accuracy of the information presented 
herein.

ÀRRU��:KHQ�LW�KHDUG�3HJJ\�SHHOLQJ�DQ�DSSOH�LQ�WKH�NLWFKHQ�
LW�VWRRG�RQ�KHU�IHHW�DQG�EHJJHG��³&XWLH´�OLYHG�DW�WKH�6WDWLRQ�
for weeks while we tried in vain to bind up the broken hip. 
Miraculously it gradually set until we observed the four-
footed leaping that characterizes the deer of the west. When 
it ate what then were precious pre-war nylons off a clothes-
OLQH�� LW� ZDV� WLPH� IRU� UHOHDVH�� IDU� IURP� KXQWHUV�� LQ� *UDQG�
&DQ\RQ�1DWLRQDO�3DUN��$�IDPLO\�KDG�IRXQG�WKH�IDZQ��6LQFH�
the deer was of the forest, the family assumed the Forest 
6HUYLFH�VKRXOG�NQRZ�ZKDW�WR�GR��,W�ORRNHG�OLNH�ZH�GLG�

2QH�6DWXUGD\� DIWHUQRRQ�3HJJ\� DQG� ,� GHFLGHG� WR� WDNH� D�
ZDON�RQ�D�WUDLO�EHKLQG�WKH�6WDWLRQ�WRZDUG�$���0RXQWDLQ��:H�
UHWXUQHG�DW�DERXW�¿YH�R¶FORFN�WR�¿QG�RXU�FRWWDJH�EXUQHG�WR�
the ground and still smoldering. The few people that had not 
JRQH�WR�WRZQ�VDZ�LW�RQO\�WRR�ODWH��%\�WKHQ��ZLWK�ÀDPHV�EHLQJ�
EORZQ� IURP� WKH�ZRRGVKHG�¿OOHG�ZLWK� UHVLQRXV� SLQH� NQRWV�
toward the house, a simple hose was useless. They rushed 
in and got out our clothes but not our unacknowledged wed-
GLQJ�JLIWV��'LUHFWRU�8SVRQ�FRQFOXGHG�WKDW�WKH�¿UH�PXVW�KDYH�
started by the sun’s rays on a bottle, something that remains 
XQFHUWDLQ�� :H� PRYHG� WR� WKH� DSDUWPHQW� DERYH� WKH� RI¿FH��
*HRUJLD�6DYDJH��ZKRVH�ROGHU� VRQ� ,� KDG� UHVFXHG�ZKHQ�KLV�
brother accidentally shot him in a remote location, asked 
KHU� ER\V� WR� ORRN� IRU�3HJJ\¶V� HQJDJHPHQW� ULQJ� OHIW� RQ� WKH�
bureau in the bedroom. Using a window screen they sifted 
the ashes and found the diamond, which we had remounted.

Our remaining in Fort Valley apparently was not nepo-
WLVP�E\�WKH�UXOHV�VWULFWO\�EHFDXVH�,�ZDV�QRW�UHTXHVWLQJ�D�MRE�
RU�D�SURPRWLRQ��1RW�NQRZLQJ� WKLV�XQWLO����\HDUV� ODWHU��ZH�
GURYH� WR�0RELOH�DQG�ERDUGHG�D�VKLS�IRU�3XHUWR�5LFR�HDUO\�
in 1942.

$V� D� VHTXHO�� IRUHVW� UHPHDVXUHPHQWV� DV� DW� )RUW� 9DOOH\�
proved even more necessary for forest research in the trop-
ics where tree growth rings are mostly invisible. The result 
produced a second set of long-term numbered tree growth 
records. Even the silvicultural practice developed in tropi-
FDO� UDLQ� IRUHVWV� LQ�3XHUWR�5LFR� WXUQHG�RXW� WR�EH� VLPLODU� WR�
,PSURYHPHQW�6HOHFWLRQ��PHUHO\�DVVXULQJ�FURZQ�LOOXPLQDWLRQ�
more than root space. The growing appreciation of diverse 
IRUHVW�EHQH¿WV�LQWHQVL¿HV�WKH�IXQGDPHQWDO�LPSRUWDQFH�RI�WKH�
tree growth information of both locations to forest health, 
productivity, and sustainability.
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Introduction

6HHG�DYDLODELOLW\�DIIHFWV�PDQ\�HFRORJLFDO�SURFHVVHV��VXFK�
DV�JUDQLYRU\��FRQVXPSWLRQ�RI�VHHGV�E\�DQLPDOV�DQG�LQVHFWV���
plant regeneration, and many processes affected by seed-
based plants. Just as nutrients or other factors can limit plant 
growth or recruitment, seeds can be a limiting resource in 
SODQW� FRPPXQLWLHV��7XUQEXOO� DQG� RWKHUV� ������� GH¿QH� VHHG�
limitation as an increase in population sizes following seed 
DGGLWLRQ��6HHG� OLPLWDWLRQ�RFFXUUHG� LQ�KDOI�RI� WKH���� VWXGLHV�
7XUQEXOO�DQG�RWKHUV��������UHYLHZHG��PRVW�RI�ZKLFK�RFFXUUHG�
in temperate ecosystems.

Leaf litter is another factor that can limit plant estab-
lishment in some communities through several possible 
mechanisms. For example, litter can intercept light or inter-
act with seeds by trapping them or forming a physical barrier 
WR�JHUPLQDWLRQ�IRU�VHHGV�EXULHG�LQ�VRLO��)DFHOOL�DQG�3LFNHWW�
�������5HGXFLQJ� OLWWHU�FDQ� LQFUHDVH�SODQW�SRSXODWLRQV��SRV-
sibly by stimulating germination in the soil seed bank, 
allowing seed rain to reach the soil, or altering microclimate.

:HVWHUQ�8QLWHG�6WDWHV�SRQGHURVD�SLQH��Pinus ponderosa��
forests, especially after disturbance, meet criteria of commu-
nities predicted to be particularly seed- and leaf litter-limited. 
6HHG�OLPLWDWLRQ�LV�FRPPRQ�LQ�HDUO\�VXFFHVVLRQDO�FRPPXQL-
WLHV� �7XUQEXOO� DQG� RWKHUV� ������� ZKLFK� FKDUDFWHUL]H� WKHVH�

In: 2OEHUGLQJ��6XVDQ�'���DQG�0RRUH��0DUJDUHW�0���WHFK�FRRUGV��������)RUW�9DOOH\�([SHULPHQWDO�)RUHVW²$�&HQWXU\�RI�5HVHDUFK������������
3URFHHGLQJV�5056�3�����)RUW�&ROOLQV��&2��8�6��'HSDUWPHQW�RI�$JULFXOWXUH��)RUHVW�6HUYLFH��5RFN\�0RXQWDLQ�5HVHDUFK�6WDWLRQ������S�

Plant Recruitment in a Northern Arizona Ponderosa Pine 
Forest: Testing Seed- and Leaf Litter-Limitation Hypotheses

Scott R. Abella, Public Lands Institute and School of Life Sciences, University 
of Nevada Las Vegas, Las Vegas, NV

Abstract—Seed availability and leaf litter limit plant establishment in some ecosystems. To 
evaluate the hypothesis that these factors limit understory plant recruitment in Pinus ponde-
rosa forests, I conducted a seeding and litter removal experiment at six thinned sites in the 
Fort Valley Experimental Forest, northern Arizona. Experimental seeding of four native spe-
cies (Penstemon virgatus, Erigeron formosissimus, Elymus elymoides, and Festuca arizonica) 
and raking of litter occurred in 2005. Seeding resulted in a substantial recruitment of 14 to 
103 seedlings/m2 (1 to 10/ft2) one month after seeding for two species (P. virgatus and E. ely-
moides), but these densities subsequently declined by 13 and 27 months after treatment to 
near control densities. No P. virgatus adults established, and seeding also did not significantly 
increase densities of E. elymoides adults. Litter removal and seeding did not interact, as seed-
ling density on raked + seeded plots did not differ from density on seed-only plots. Consistent 
with a previous experiment in these forests, litter removal also had no effect on plant richness 
or cover. Results suggest that (i) factors other than seed availability limited recruitment of 
adult plants of the four seeded species, and (ii) leaf litter did not limit plant recruitment.

forests following tree thinning or burning. Furthermore, 
9RVH�DQG�:KLWH��������IRXQG�WKDW�VRLO�VHHG�EDQNV�DW�D�QRUWK-
HUQ�$UL]RQD�SRQGHURVD�SLQH�VLWH�ZHUH�VSDUVH�������VHHGV�P2 
>��IW2@��LQ�ERWK�EXUQHG�DQG�XQEXUQHG�DUHDV��,Q�D�V\QWKHVLV�RI�
��� OHDI�OLWWHU�VWXGLHV��;LRQJ�DQG�1LOVVRQ�������� IRXQG� WKDW�
effects of litter removal on plant establishment were greater 
in coniferous compared to deciduous forests (possibly due 
WR�GLIIHUHQFHV�LQ�OLWWHU�W\SH��DQG�LQ�FRPPXQLWLHV�ZLWK�ODUJH�
amounts of litter. Litter thickness and weight in ponderosa 
SLQH� IRUHVWV�� SDUWLFXODUO\� LQ� GHQVHO\� WUHHG� IRUHVWV�� HTXDO� RU�
H[FHHG�WKRVH�RI�PDQ\�ZRUOG�IRUHVWV��9RJW�DQG�RWKHUV��������
These observations also suggest that seed addition and leaf 
OLWWHU� FRXOG� LQWHUDFW�� 6HHG� DGGLWLRQ� PD\� LQFUHDVH� SODQW� UH-
cruitment only when litter is reduced, and litter reduction 
may increase recruitment only when seeds are available.

Identifying factors limiting plant recruitment can be use-
ful for understanding the development of plant communities 
and their management. If seeds are a primary limiting factor, 
for example, seeding is likely to be a successful revegetation 
tool, and unsuccessful if seeds are not limiting. I conducted 
a seed-addition and litter-reduction experiment in a pon-
GHURVD�SLQH�IRUHVW�WR�HYDOXDWH�WKH�IROORZLQJ�K\SRWKHVHV������
plant population sizes are seed limited and seed addition will 
LQFUHDVH�SRSXODWLRQ� VL]HV�� DQG� ���� OLWWHU� UHPRYDO� DQG� VHHG-
ing interact, with litter removal increasing plant population 
sizes.
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Methods

This experiment was conducted in six experimental blocks 
in a ponderosa pine forest in the Fort Valley Experimental 
)RUHVW�� ��� NP� ��� PLOHV�� QRUWK� RI� WKH� FLW\� RI� )ODJVWDII� LQ�
QRUWKHUQ�$UL]RQD�DW�HOHYDWLRQV�RI�������WR�������P��������WR�
������IW���7KH�EORFNV��UDQJLQJ�LQ�VL]H�IURP����WR����KD�����WR�
���DFUHV���ZHUH�SK\VLFDOO\�VHSDUDWHG�IURP�RQH�DQRWKHU�E\�����
WR���NP������WR���PLOHV���7KHVH�EORFNV�DUH�SDUW�RI�DQ�H[LVW-
LQJ�������������WKLQQLQJ�DQG�EXUQLQJ�HFRORJLFDO�UHVWRUDWLRQ�
SURMHFW��ZLWK�WKUHH�EORFNV�WKLQQHG�E\����SHUFHQW��³������WUHDW-
PHQW´��DQG�WKUHH�EORFNV�E\����SHUFHQW��³����WUHDWPHQW´��RI�
SUH�WKLQQLQJ�GHQVLWLHV�GHWDLOHG�LQ�)XOp�DQG�RWKHUV��������

One site in each block was located by randomly selecting 
FRRUGLQDWHV� XVLQJ� D� *HRJUDSKLF� ,QIRUPDWLRQ� 6\VWHP�� ZLWK�
the constraint that sites avoid overlying existing monitoring 
plots from the restoration project. At each site, four 2 × 2 m  
��� î� �� IW�� SORWV�ZHUH� HVWDEOLVKHG� LQ� D� VTXDUH� SDWWHUQ�� (DFK�
SORW�ZDV�VHSDUDWHG�E\���P�����IW��IURP�WKH�QHDUHVW�SORW��2QH�
of four treatments was randomly assigned to each plot at 
HDFK�VLWH��FRQWURO��UDNLQJ�RI�OHDI�OLWWHU��2L�KRUL]RQ���VHHGLQJ��
and raking + seeding. I performed raking treatments using a 
���FP�����LQFK��ZLGH�SODVWLF�UDNH��UHPRYLQJ�DSSUR[LPDWHO\�
����WR�����J�P2�����o&�RYHQ�GU\�ZHLJKW��RI�OLWWHU��7KH�VHHG-
ing treatment, performed after raking, was hand broadcast 
VHHGLQJ�RI����� VHHGV�P2� ����IW2��RI� HDFK�RI� IRXU�QDWLYH�SH-
rennial species. The species included the forbs upright blue 
beardtongue (Penstemon virgatus�� DQG� EHDXWLIXO� ÀHDEDQH�
(Erigeron formosissimus��� DQG� WKH�&�� �FRRO� VHDVRQ��JUDVVHV�
VTXLUUHOWDLO��Elymus elymoides��DQG�$UL]RQD�IHVFXH��Festuca 
arizonica���,�VWDQGDUGL]HG�VHHGLQJ�UDWH�E\�WRWDO�VHHGV��UDWKHU�
WKDQ�D�PHDVXUH�OLNH�SXUH�OLYH�VHHG��WR�DYRLG�FRQIRXQGLQJ�YL-
ability and germinability of seeds with absolute total seed 
OLPLWDWLRQ��(PHUJHQFH�ZDV�����EHDUGWRQJXH�������ÀHDEDQH���
����VTXLUUHOWDLO���DQG����SHUFHQW��IHVFXH��DIWHU�WZR�PRQWKV�LQ�
JUHHQKRXVH�FRQGLWLRQV�GHVFULEHG�LQ�$EHOOD�DQG�RWKHUV���������
7XUQEXOO�DQG�RWKHUV��������FODVVLI\�WKLV�H[SHULPHQW�DV�VHHG�
augmentation, because the four seeded species inhabit the 
VWXG\�VLWHV��:LWK�WKH�H[FHSWLRQ�RI�VTXLUUHOWDLO�DW����VHHGV�P2 
���IW2���.RUE�DQG�RWKHUV��������IRXQG�WKDW�VSHFLHV�VHHGHG�LQ�
this experiment were sparse or absent in mineral soil seed 
EDQNV�DW���WR���FP����WR���LQFK��GHSWKV�LQ�WKH�VWXG\�DUHD�

I established plots, collected pre-treatment data, performed 
WUHDWPHQWV�� DQG� LQVWDOOHG�JUDQLYRU\�GHWHUUHQWV� RQ�$XJXVW� ���
������ *UDQLYRU\� GHWHUUHQWV� �GHVLJQHG� WR� UHGXFH� VHHG� ORVV��
were 0.5 × 0.5 m (0.25 m2�>��IW2@��ZRRGHQ�VTXDUHV��ZLWK�PHVK�
VFUHHQ� ���PP�>���� LQFK@�RSHQLQJV��RQ� WRS� �)LJXUH����� ,� LQ-
stalled these deterrents in the southwestern corner of each 
SORW� DQG� HVWDEOLVKHG� DQ� HTXDOO\� VL]HG� FRQWURO� DUHD� DGMDFHQW�
WR� WKH�HDVW��6HHGOLQJ�DQG�DGXOW� �ZHOO�GHYHORSHG�RU� IUXLWLQJ��
plants of the four seeded species were counted in granivory 
GHWHUUHQWV��FRQWUROV��DQG�ZKROH�SORWV����6HSWHPEHU������������
����6HSWHPEHU������������DQG����PRQWKV��2FWREHU�����������
after treatment. On whole plots before treatment and dur-
LQJ� WKH������DQG������SRVW�WUHDWPHQW�VDPSOLQJ�� ,� UHFRUGHG�
WKH�QXPEHU�RI�VSHFLHV��ULFKQHVV��DQG�WRWDO�DUHDO�SODQW�FRYHU�
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Figure 1. Views at three of six sites of 2 × 2 m experimental 
plots containing 0.5 × 0.5 m granivory deterrents in a 
ponderosa pine forest, northern Arizona. The plot in the 
bottom right corner of (a) shows leaf litter removed by 
raking. Even in areas illustrated in (b) where tree canopies 
were open, removal of litter had no effect on recruitment 
of seeded species or on resident species. In (c), the densely 
treed area in the top of the photo represents the edge of the 
thinned restoration area (which covers the rest of the photo) 
where plots are located. Photos by S.R. Abella, September 
10, 2006 (a), and October 28, 2007 (b-c).
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(visually categorized at 1 percent intervals to 10 percent cov-
HU��DQG�DW���SHUFHQW�LQWHUYDOV�EH\RQG��

3ODQW�FRXQWV�IRU�HDFK�VSHFLHV�ZHUH�DQDO\]HG�DV�D�UHSHDWHG�
PHDVXUH��PL[HG�PRGHO�DQDO\VLV�RI�YDULDQFH��5DQGRP�HIIHFWV�
were site-nested within the ecological restoration treatment 
�HLWKHU� WKH� ³�����´� RU� ³���´� WKLQQLQJV�� DQG� LWV� LQWHUDFWLRQV�
with sample date, rake × date, and seed × date. Treatments, 
GDWH��DQG�DOO�RI�WKHLU�LQWHUDFWLRQV�ZHUH�PRGHOHG�DV�¿[HG�HI-
fects. Cover and richness were analyzed in a mixed model 
analysis of covariance, with pre-treatment cover or richness 
DV� D� FRYDULDWH�� 3ODQW� FRXQWV� DQG� SHUFHQW� FRYHU�ZHUH� ORJ���
transformed to meet model assumptions. Analyses were con-
GXFWHG�XVLQJ�6$6��352&�0,;('��6$6�,QVWLWXWH�������

Results

3ODQW� GHQVLW\� RI� VHHGHG� VSHFLHV� DYHUDJHG� DPRQJ� VDPSOH�
GDWHV� ZDV� VLPLODU� LQVLGH� ����P2� >��IW2@�� DQG� RXWVLGH� ����P2 
>��IW2@�� RI� JUDQLYRU\� GHWHUUHQWV�� VR� GHQVLW\�ZDV� DQDO\]HG� RQ�
D� ZKROH�SORW� EDVLV�� )HZ� VHHGOLQJV� RI� ÀHDEDQH� DQG� IHVFXH�
ZHUH�GHWHFWHG�GXULQJ�WKH�H[SHULPHQW����IRU�ÀHDEDQH�DQG���IRU�
IHVFXH���VR�WKH�DQDO\VLV�IRFXVHG�RQ�EHDUGWRQJXH�DQG�VTXLUUHO-
WDLO��5DNLQJ�GLG�QRW� VLJQL¿FDQWO\�DIIHFW�EHDUGWRQJXH�GHQVLW\�
RU�VTXLUUHOWDLO�DGXOWV�DQG�ZDV�RQO\�PDUJLQDOO\�VLJQL¿FDQW�IRU�

VTXLUUHOWDLO�VHHGOLQJV��7DEOH�����,Q�FRQWUDVW��VHHGLQJ�VWURQJO\�
DIIHFWHG� VHHGOLQJ�GHQVLW\�RI�ERWK� VSHFLHV��6HHGLQJ�DQG� WLPH�
LQWHUDFWHG��KRZHYHU��ZLWK�VLJQL¿FDQW�GHFOLQHV�LQ�VHHGOLQJ�GHQ-
VLW\�WKURXJK�WLPH�IURP������WR�������)LJXUH�����,Q�6HSWHPEHU�
2005, one month after seeding, average density of seedlings 
�ZKLFK�ZHUH�DERXW���FP�>��LQFKHV@�WDOO��RQ�VHHGHG�SORWV�UDQJHG�
IURP� ��� WR� ���P2� ���IW2�� IRU� EHDUGWRQJXH� DQG� ��� WR� ����P2 
��� WR� ���IW2�� IRU� VTXLUUHOWDLO��+RZHYHU�� GHQVLW\� VXEVHTXHQWO\�
GHFUHDVHG� E\� ��� WR� ��IROG� �EHDUGWRQJXH�� DQG� ��� WR� ���IROG�
�VTXLUUHOWDLO��WR�OHYHOV�WKDW�GLG�QRW�GLIIHU�IURP�XQVHHGHG�SORWV��
No adult beardtongue plants were observed during the ex-
SHULPHQW�� $GXOW� VTXLUUHOWDLO� GHQVLW\� GLG� QRW� GLIIHU� DPRQJ�
treatments.

At the plant community level, treatments had no effect on 
VSHFLHV� ULFKQHVV� �7DEOH� ���� 6HHGLQJ�ZDV� D� VLJQL¿FDQW�PDLQ�
effect that increased cover in both post-treatment years, but 
WKHUH�ZHUH�QR�VLJQL¿FDQW�GLIIHUHQFHV�ZLWKLQ�WKH�UDNH�× seed × 
WLPH�OHYHO��)LJXUH����

Discussion

If plant recruitment is seed limited at either the seedling 
or adult stages, population sizes in these stages should in-
FUHDVH�ZLWK�VHHG�DGGLWLRQ��7XUQEXOO�DQG�RWKHUV��������,Q�WKLV�

Table 1. Summary of analysis of variance results for the effects of raking and seeding treatments 
on seeded species recruitment and plant community characteristics in a ponderosa pine 
forest, northern Arizona.

 Plant establishmentb Community measures

Effecta df PV sl EE sl EE ad df Richness Cover

 –––––––– P > F –––––––– ––––– P > F ––––

Rake 1,12 0.50 0.04 0.68 1,8 0.41 0.06
Seed 1,12 <0.01 <0.01 0.08 1,7 0.79 <0.01
Rake×seed 1,12 0.25 0.01 0.39 1,3 0.97 0.24
ER tmt 1,12 0.26 0.80 0.36 1,3 0.31 0.04
Rake×ER tmt 1,12 0.62 0.99 0.70 1,3 0.44 0.51
Seed×ER tmt 1,12 0.23 0.98 0.77 1,3 0.23 0.15
Rake×seed×ER tmt 1,12 0.99 0.46 0.29 1,3 0.97 0.09
Time 2,8 <0.01 <0.01 0.66 1,4 0.13 0.07
Rake×time 2,12 0.81 0.29 0.33 1,8 0.47 0.23
Seed×time 2,12 <0.01 <0.01 0.59 1,7 0.73 0.50
Rake×seed×time 2,12 0.97 0.86 0.93 1,3 0.76 0.69
Time×ER tmt 2,12 0.92 0.25 0.95 1,3 0.81 0.47
Rake×time×ER tmt 2,12 0.36 0.35 0.53 1,3 0.47 0.44
Seed×time×ER tmt 2,12 0.67 0.78 0.75 1,3 0.79 0.93
Rake×seed×time×ER tmt 2,12 0.42 0.21 0.88 1,3 0.23 0.67
Covariate – – – – 1,3 <0.01 <0.01

aER tmt = ecological restoration treatment, serving as a blocking effect.
bdf = degrees of freedom, PV sl = Penstemon virgatus (upright blue beardtongue) seedling density, 

EE sl = Elymus elymoides (squirreltail) seedling density, and EE ad = Elymus elymoides adult density.
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Figure 2. Mean plant densities among raking and 
seeding treatments 1, 13, and 27 months after 
treatment in a ponderosa pine forest, northern 
Arizona. Error bars are one standard deviation. 
Means without shared letters differ at P < 0.05 
(Tukey’s test).

H[SHULPHQW�� WZR� VSHFLHV� �ÀHDEDQH� DQG� IHVFXH�� VKRZHG� QR�
evidence of seed limitation because neither seedling nor adult 
density increased after seeding. The remaining two species 
�EHDUGWRQJXH� DQG� VTXLUUHOWDLO�� KDG� VHHG�OLPLWHG� UHFUXLWPHQW�
at the seedling but not adult stage, as increased seedling den-
sity arising from seed addition did not increase adult density 
�)LJXUH�����7KH�¿QGLQJV�IRU�EHDUGWRQJXH�DQG�VTXLUUHOWDLO�VXS-
port the generalization that conditions for establishment of 
DGXOWV� DUH� VWULFWHU� WKDQ� WKRVH� IRU�JHUPLQDWLRQ� �+DUSHU��������
However, the prediction that understories in these thinned 
and burned forests should be seed limited was not supported, 
at least for the four studied species. These species include 
GLIIHUHQW�JURZWK�IRUPV��DQG�GRPLQDQW� �WKH�JUDVVHV��DQG�VXE-
RUGLQDWH��WKH�IRUEV��VSHFLHV��WKHRUHWLFDOO\�UHSUHVHQWLQJ�D�UDQJH�
of potential responses to seed addition (Turnbull and others 
������� 6HHGLQJ� DQG� OHDI� OLWWHU� UHPRYDO� DOVR� GLG� QRW� LQWHUDFW�

as hypothesized, with litter removal having no effect in con-
cordance with a previous study in these forests (Abella and 
&RYLQJWRQ�������

6HYHUDO�IDFWRUV�DVVRFLDWHG�ZLWK�WKH�H[SHULPHQWDO�FRQGLWLRQV�
FRXOG� KDYH� DIIHFWHG� UHVXOWV�� $OWKRXJK� VHHGV� ZHUH� DFTXLUHG�
from a local northern Arizona vendor, the exact genetic origin 
RI�WKH�VHHGV�ZDV�QRW�DYDLODEOH��6HHGLQJ�LQ�$XJXVW�ZDV�WLPHG�
to correspond with monsoon rains, but it is not known if this 
seeding time was optimal. However, at least some seeds prob-
ably remained on site to germinate at other times, a contention 
supported by the appearance of new beardtongue seedlings 
HDFK�\HDU��)LJXUH�����3UHFLSLWDWLRQ�GXULQJ�WKH�VHHGLQJ�PRQWK�RI�
$XJXVW������ZDV�����SHUFHQW�RI�QRUPDO��)RUW�9DOOH\�6WDWLRQ��
:HVWHUQ�5HJLRQDO�&OLPDWH�&HQWHU��5HQR��19���,Q�WKH�VXPPHU�
PRQVRRQ�PRQWKV� RI� -XO\��$XJXVW�� DQG�6HSWHPEHU�� SUHFLSLWD-
WLRQ�DOVR�ZDV�DERYH�QRUPDO� LQ�����������SHUFHQW��DQG������
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�����SHUFHQW���6QRZIDOO�ZDV�EHORZ�QRUPDO��KRZHYHU��ZKLFK�UH-
sulted in annual precipitation being 91 to 86 percent of normal 
in these years. This could have particularly affected establish-
PHQW�RI�WKH�FRRO�VHDVRQ�JUDVVHV��&ODU\�DQG�.UXVH�������

5HSHDWLQJ� WKH� VHHGLQJ� ZLWK� GLIIHUHQW� VHHG� VRXUFHV�� DGGL-
tional species, at different times, and within the context of a 
VLWH�VHHG�EXGJHW��9RVH�DQG�:KLWH�������PD\�EH�XVHIXO�IRU�IXU-
ther evaluating seed availability as a potential limiting factor 
relative to other factors (for example, tree density, root compe-
WLWLRQ���)RU�LQVWDQFH��6SULQJHU�DQG�/DXJKOLQ��������PRQLWRUHG�
an operational seeding in northwestern Arizona ponderosa 
SLQH�IRUHVWV�DQG�IRXQG�WKDW���RI��������SHUFHQW��VHHGHG�VSH-
cies increased. This supports contentions that seed limitation 
LV�VSHFLHV�VSHFL¿F��DQG�FRQFOXVLRQV�IURP�VHHG�DGGLWLRQ�VWXGLHV�
GHSHQG�RQ�WKH�LQFOXGHG�VSHFLHV��7XUQEXOO�DQG�RWKHUV��������$Q�
additional consideration is that I initiated my experiment six to 
seven years after tree thinning, and it is unclear if seed limita-
tion changes with time since disturbance.
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Figure 3. Mean plant community 
measures among raking and seeding 
treatments before treatment and 13 
and 27 months after treatment in 
a ponderosa pine forest, northern 
Arizona. Error bars are one standard 
deviation.
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1RUPDQGLQ� DQG� VWXGHQWV� ZLWK� WKH� (FRORJLFDO� 5HVWRUDWLRQ�
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�VWDWLVWLFLDQ��8QLYHUVLW\�RI�1HYDGD�/DV�9HJDV��IRU�SHUIRUPLQJ�
VWDWLVWLFDO�DQDO\VHV��6KDURQ�$OWPDQ��3XEOLF�/DQGV� ,QVWLWXWH��
IRU�SUHSDULQJ�)LJXUH����-XG\�6SULQJHU��(FRORJLFDO�5HVWRUDWLRQ�
,QVWLWXWH��DQG�-LOO�&UDLJ��3XEOLF�/DQGV�,QVWLWXWH��IRU�UHYLHZLQJ�
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Introduction

6WDQG� GHQVLW\� LV� D� PDMRU� UHJXODWRU� RI� WUHH� JURZWK� DQG��
as such, has been closely studied for many decades and for 
PDQ\� FRPPHUFLDO� VSHFLHV�� 6\VWHPDWLF� ³OHYHO� RI� JURZLQJ�
VWRFN´� �/2*6�� VWXGLHV� ZHUH� LQLWLDWHG� IRU� SRQGHURVD� SLQH�
(Pinus ponderosa��DV�ZHOO�DV�RWKHU�VSHFLHV�LQ�WKH�PLG�����V�
WR�JHQHUDWH�FRQVLVWHQW�VFLHQWL¿F�GDWD�RQ�WKLV�HIIHFW�DFURVV�UH-
JLRQV��VLWH�TXDOLWLHV�DQG�VWDQG�FRQGLWLRQV��0\HUV�������2OLYHU�
DQG�(GPLQVWHU�������5RQFR�DQG�RWKHUV��������7KHVH�/2*6�
VWXGLHV� KDYH� TXDQWL¿HG� DQG� LOOXPLQDWHG� WKH� VXEWOHWLHV� RI� 
early-century observations of stocking differences and thin-
QLQJ�UHVSRQVHV��H�J���*DLQHV�DQG�.RWRN�������

7D\ORU� :RRGV� �)LJXUH� ���� ORFDWHG� LQ� WKH� )RUW� 9DOOH\�
Experimental Forest, was established in 1962 as part of the 
SRQGHURVD�SLQH�/2*6�VWXG\�VLWH�QHWZRUN��,W�LV�D�SDUWLFXODUO\�
important addition to the network given it’s relatively low 
productivity. The original stand consisted of scattered large, 
VDZWLPEHU�VL]HG� WUHHV� �!��� FP�'%+��ZLWK� DEXQGDQW� VORZ�
growing, pole-sized material in a mid-story originating from 
D�PDMRU� ����� UHJHQHUDWLRQ� HYHQW� �3HDUVRQ� ������� 'HWDLOHG�
site descriptions, study implementation and early growth pat-
WHUQV�ZHUH�GRFXPHQWHG�E\�6FKXEHUW� �������DQG�5RQFR�DQG�
RWKHUV���������7R�VXPPDUL]H�KHUH��WKUHH�UHSOLFDWHG�SORWV�IRU�

In: 2OEHUGLQJ��6XVDQ�'���DQG�0RRUH��0DUJDUHW�0���WHFK�FRRUGV��������)RUW�9DOOH\�([SHULPHQWDO�)RUHVW²$�&HQWXU\�RI�5HVHDUFK������������
3URFHHGLQJV�5056�3�����)RUW�&ROOLQV��&2��8�6��'HSDUWPHQW�RI�$JULFXOWXUH��)RUHVW�6HUYLFH��5RFN\�0RXQWDLQ�5HVHDUFK�6WDWLRQ������S�

Forty Years Later at Taylor Woods: Merging the Old and New

John D. Bailey, College of Forestry, Oregon State University, Corvallis, OR

Abstract—The Taylor Woods “Levels-of-Growing-Stock” study was established in 1962 to 
create a replicated ponderosa pine density experiment for the Southwest, making a valuable 
addition to research in the Fort Valley Experimental Forest. Basal area treatments ranged 
from 5-20 m2/ha (19-80 ft2/ac) when installed, designed as growing stock levels 30/40, 60, 
80, 100, 120 and 150. Residual trees averaged only 12 cm DBH despite being 42 years old. 
These 0.3- to 0.5-ha (0.75- to 1.24-ac) plots, with three of each growing stock level, were 
revisited for maintenance on a decadal basis including a recent entry in 2002/3 (the fifth). 
Once trees averaged 25 cm (10 in), which varied among treatments, plots were maintained 
at their target basal area per the intent of growing stock studies; all plots were at or above that 
point in 2002 with the largest trees >50 cm (20 in). Results have shown clear and predictable 
patterns for height and diameter growth for southwestern ponderosa pine, not different than 
other parts of the species’ range or other species. Lower density plots have shown consistently 
larger diameters and faster diameter and height growth on an individual tree basis. Stand-
level basal area growth is higher at higher densities based on the higher number of trees per 
plot (and per ha). The density at which stands can achieve maximum basal area growth 
has varied progressively over the four decades. But beyond such traditional interpretations 
of density effects on tree and stand growth, the long-term patterns shown at Taylor Woods 
now provide valuable insights into tree vigor and insect resistance, understory development, 
fire behavior, ecological restoration and potential implications of regional land management 
choices in light of climate change.

each of six growing stock levels were thinned heavily in 1962 
to establish the range of basal area treatments, and lightly re-
WKLQQHG�WR�DGMXVW�VWRFNLQJ�HDFK�GHFDGH�WKHUHDIWHU��5RQFR�DQG�
RWKHUV��������UHSRUWHG�WKDW��H[FHSW�IRU�WUHH�KHLJKW��DOO�RWKHU�
size and growth metrics (i.e., stem diameter, crown length, 
DQG�FURZQ�KHLJKW��ZHUH�QHJDWLYHO\�FRUUHODWHG�ZLWK�VWDQG�GHQ-
VLW\��YROXPH�LQFUHPHQWV�� LQFOXGLQJ�EDVDO�DUHD�JURZWK��ZHUH�
SRVLWLYHO\�FRUUHODWHG�ZLWK�VWDQG�GHQVLW\��7KHVH�¿QGLQJV�ZHUH�
consistent with ponderosa pine growth patterns for the region 
�2OLYHU� DQG�(GPLQVWHU������� DQG�/2*6�VWXGLHV� LQ�JHQHUDO�
�H�J���&XUWLV�DQG�0DUVKDOO�������

Measurements have continued at Taylor Woods every 
¿YH� \HDUV� DQG� GHQVLW\� PDLQWHQDQFH� WUHDWPHQWV� HYHU\� WHQ�
years since. This paper summarizes size and growth pat-
terns through 2002, by which time the highest density plots 
KDG� DFKLHYHG� D�PHDQ� GLDPHWHU� RI� ��� FP� ���� LQ�� VXFK� WKDW�
all growing stock designations can be converted to simple 
basal area. The objective of this research was to sustain this 
important long-term study, update the data with 20 more 
years of information, and extend the interpretation of these 
GDWD�LQWR�EURDGHU�ODQG�PDQDJHPHQW�TXHVWLRQV��7KLV�ZRUN�DOVR�
enchances the chances that the site is maintained over the 
coming decades, and that additional research can be conduct-
HG�ZHOO�EH\RQG�WKH�RULJLQDO�LQWHQW�RI�WKH�/2*6�VWXGLHV�
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Methods

7KH� 7D\ORU� :RRGV� /2*6� VLWH� LV� VLWXDWHG� DORQJ�
6QRZERZO� 5RDG� LQ� WKH� VRXWKHDVWHUQ� VHFWLRQ� RI� WKH� )RUW�
9DOOH\�([SHULPHQWDO�)RUHVW� �)LJXUH�����6ORSHV�DUH�JHQWOH�DW�
����� FOLPDWH� LV� LGHQWLFDO� WR� WKH� QHDUE\� KHDGTXDUWHUV� IDFLO-
LW\� �5RQFR� DQG� RWKHUV� ������� DQG� VLWH� LQGH[� IRU� SRQGHURVD�
SLQH� LV���� �EDVHG�RQ�D�EDVH�DJH�RI�������SULPDULO\� UHJXODW-
HG� E\� FRRO� WHPSHUDWXUHV� LQ� WKLV� DUHD�� 6RLOV� DUH� SURGXFWLYH�

Figure 1. Taylor Woods Levels of Growing Stock (LOGS) study site, showing 3 replicate plots 
each of 7 stand density treatment levels, 3 unthinned areas, and their respective arrangement. 
Individual plots are approximately one acre. Growing Stock Level (GSL) is defined as “basal 
area (ft2/ac) when the trees are, on average, 10 inches in diameter at breast height” and actual 
stand basal area when trees are > 10 inches, which was the case at the last measurement in 
2002. Adapted from Schubert (1971).

 

 

IRU� WKH� UHJLRQ�� FODVVL¿HG� DV� D� UHODWLYHO\� GHHS��ZHOO�GUDLQHG�
7\SLF�$UJLERUROO� RYHU� IUDFWXUHG� EHGURFN� �0HXULVVH� �������
3RQGHURVD�SLQH� LV�GRPLQDQW�ZLWK� VFDWWHUHG�SDWFKHV�RI�1HZ�
Mexico locust (Robinia neomexicana��LQ�DQ�XQGHUVWRU\�GRP-
inated by Arizona fescue (Festuca arizonica��� ,QLWLDO� VWDQG�
conditions, plot layout, and volume removals are available 
LQ�6FKXEHUW��������DQG�5RQFR�DQG�RWKHUV��������IRU�HDFK�RI�
the three replicates over the six treatment levels installed. In 
addition, there are 0 basal area plots and unthinned plots for 
comparison.
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6WDQGDUG�PHQVXUDWLRQDO�WHFKQLTXHV�ZHUH�XVHG�WR�PHDVXUH�
diameter at breast height (by diameter tape to the nearest 
����� FP�� IRU� DOO� WUHHV� LQ� HDFK� SORW� VLQFH� ODVW� SXEOLVKHG� IRU�
������+HLJKWV��KDQG�KHOG�FOLQRPHWHUV� WR� WKH�QHDUHVW�����P��
ZHUH� PHDVXUHG� RQ� D� VXEVDPSOH� RI� WUHHV� LGHQWL¿HG� IRU� WKH�
1998 re-measurement, comprised of ten trees in each 2.5-cm 
GLDPHWHU�FODVV�������RI�WUHHV�LQ�KLJK�GHQVLW\�SORWV��EXW�!����
RI� WKH� WUHHV� LQ� ORZHU� GHQVLW\� SORWV��� ,QGLYLGXDO� WUHHV� ZHUH�
LGHQWL¿HG�E\�SHUPDQHQW�PHWDO�WDJV��DOO�SORWV�DOVR�KDG�PDUNHG�
FRUQHUV��3HUFHQW�XQGHUVWRU\�YHJHWDWLYH�FRYHU�ZDV�HVWLPDWHG�
YLVXDOO\� WR�ZLWKLQ�����XVLQJ�D����[��P�VDPSOLQJ�IUDPH�DV�
a guide to broadly classify the range of surface vegetation 
abundance.

The strength of this study is certainly in the long-term 
nature of the data and the contribution of recent re-measure-
ments, but that value was enhanced with ANOVA analysis 
of 2002 conditions using a mixed model for year and treat-
PHQW�HIIHFW��6$6���6HYHUDO�UHJUHVVLRQV�RQ�JURZWK�WUHQGV�DUH�
also presented within this paper. A complete presentation of 
this extensive data set, including crown characteristics and 
YROXPH�JURZWK�WUHQGV��LV�DYDLODEOH�IURP�WKH�5RFN\�0RXQWDLQ�
5HVHDUFK�6WDWLRQ�DQG�LQ�DQ�XSFRPLQJ�5HVHDUFK�3DSHU�
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Figure 2. Mean height growth of ponderosa pine trees at Taylor Woods, northern Arizona, across six basal area treatments and four 
measurement decades: 1962-72, 1972-82, 1982-92, and 1992-2002, shown as separate regression lines.

Results and Discussion

0HDQ� KHLJKW� JURZWK� �P�GHFDGH�� YDULHG� DPRQJ� *6/V�
�S���������DQG�GLG�QRW�YDU\�DPRQJ�PHDVXUHPHQW�F\FOHV�IURP�
����� WR� ����� �)LJXUH� ���� GRPLQDQW� WUHH� KHLJKW� DQG� KHLJKW�
JURZWK��KRZHYHU��GLG�QRW�YDU\�DPRQJ�*6/V��7KLV�¿UVW�WUHQG�
for mean height is consistent with higher density plots of pon-
derosa pine containing some smaller trees and, thus, lowering 
PHDQ�KHLJKW�DQG�PHDQ�KHLJKW�JURZWK��0\HUV��������7KH�ODFN�
RI� WUHQG�ZLWK�GRPLQDQW� WUHH�KHLJKW� UHÀHFWV�D� UHODWLYHO\�XQL-
IRUP�VLWH�TXDOLW\�DW�7D\ORU�:RRGV��PHDVXUHG�DV�KHLJKW�JURZWK�
over time, with a greater effect of small microsite conditions 
on height growth than a large range of density treatments. 
Both patterns are consistent with basic silvicultural texts 
(e.g., Tappeiner and RWKHUV�������DQG�ZLWK�5RQFR�DQG�RWKHUV�
�������IRU�WKLV�VLWH��

'LDPHWHU�UDGLDO� JURZWK� VKRZHG� D� VWHHSHU� VORSH� DFURVV�
*6/V��)LJXUH����S���������DOVR�D�VWDQGDUG�SDWWHUQ�IRU�GHQVLW\�
VWXGLHV��2OLYHU�DQG�(GPLQVWHU�������DQG�UHFRUGHG�LPPHGL-
DWHO\�DW�7D\ORU�:RRGV�E\�6FKXEHUW���������'LDPHWHU�JURZWK�
YDULHG� VLJQL¿FDQWO\�� KRZHYHU�� DPRQJ� GHFDGHV� �S�������� DV�
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ZHOO�� DQG� VKRZHG� DQ� LQWHUDFWLRQ� EHWZHHQ� *6/V� DQG� \HDUV�
�S��������� 7KLV� HIIHFW� LV� DWWULEXWDEOH� WR� D� JHQHUDO� VORZLQJ�
of diameter growth in lower density plots in the last decade, 
shown consistently in all replicates relative to the decade end-
LQJ� LQ�������6RPH�GHFUHDVH� LQ� UDGLDO�GLDPHWHU�JURZWK�ZLWK�
increasing size is a normal growth pattern for ponderosa pine 
DFURVV� WKH�ZHVW� �$OH[DQGHU�DQG�(GPLQVWHU��������DQG� WUHHV�
in the lowest basal area treatment are nearly twice the diam-
eter of those in the highest basal area treatment. Basal area 
JURZWK�SHU�WUHH�ZDV�GLIIHUHQW�DPRQJ�*6/V��S��������DQG�D�
FRQVLVWHQW�VKDSH��VORSH�DQG�LQWHUFHSW�QRW�GLIIHUHQW��DPRQJ�WKH�
four decades. This was consistent with a progressive drop in 
GLDPHWHU�JURZWK��)LJXUH����DQG�PD\�UHÀHFW�WKH�XQXVXDOO\�GU\�
climatic conditions beginning in 1996.

6WDQG�OHYHO� EDVDO� DUHD� JURZWK� �P2�KD�GHFDGH�� YDULHG�
VLJQL¿FDQWO\� DPRQJ�*6/V� �S��������� EXW� WKH� VKDSH� RI� WKDW�
UHODWLRQVKLS��VORSHV�DQG�LQWHUFHSWV�RI�GHFDGDO�OLQHV��ZHUH�QRW�
GLIIHUHQW��)LJXUH�����LQGLFDWLQJ�QR�FKDQJH�LQ�WKLV�UHODWLRQVKLS�
over time. Within the lower range of basal area (10-20 m2�KD���
KRZHYHU��GHFDGH�LV�D�VLJQL¿FDQW�HIIHFW��S��������H[FHSW�ZLWK-
LQ������������7KH�YLVXDO�SURJUHVVLRQ�RI�FXUYHV�LQ�)LJXUH���
demonstrates the natural progression of basal area growth 
with increasing tree size. The consistency of its shape is 
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Figure 3. Mean diameter (breast height) growth of ponderosa pine trees at Taylor Woods, northern Arizona, across six basal area 
treatments and four measurement decades: 1962-72, 1972-82, 1982-92, and 1992-2002, shown as separate regression lines.

remarkable and indicative for the close regulation of spacing 
LQ�WKLV�VWXG\��5RQFR�DQG�RWKHUV��������7KLV�EDVDO�DUHD�JURZWK�
WUHQG�LV�VWDQGDUG�DPRQJ�GHQVLW\�VWXGLHV�DQG�¿UVW�UHFRUGHG�IRU�
7D\ORU�:RRGV�E\�6FKXEHUW� ��������7KH� ODUJHU�JDS�EHWZHHQ�
the decades ending 1992 and 2002 may further indicate the 
dry climatic cycle noted above for diameter growth rates, but 
such a trend is speculative until the next measurement cycle.

The Future

The value of this long-term study, with continued and care-
ful maintenance of density treatments, re-measurement, and 
UHSOLFDWHG�SORWV� �WKRXJK������KD���KDV�JRQH�ZHOO�EH\RQG� WKH�
/2*6�KHLJKW�DQG�GLDPHWHU�JURZWK�WUHQGV�SUHVHQWHG�KHUH�RU�WKH�
GHWDLOHG�YROXPH�SURMHFWLRQV�LQ�5RQFR�DQG�RWKHUV��������DQG�D�
SHQGLQJ�XSGDWHG�5HVHDUFK�3DSHU� IRU�ZKLFK� LW�ZDV�RULJLQDOO\�
designed. Tree and stand responses seen at Taylor Woods relate 
to stand responses following low-density harvest treatments 
intended to restore presettlement structure in southwestern 
SRQGHURVD�SLQH��0RRUH�DQG�RWKHUV��������7KH�WZR�ORZHVW�GHQ-
sity treatments represent mid- and upper-range presettlement 



104 USDA Forest Service RMRS-P-55.  2008.

Taylor  Woods: Four decades of BASAL AREA INCREMENT; 1962-2002
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density, so individual tree growth and architecture patterns can 
be analyzed and compared to older presettlement trees still 
VXUYLYLQJ� LQ� WKH� ODQGVFDSH��6LPLODUO\�� XQGHUVWRU\�SODQW� FRP-
munity responses can be compared and projected from the 
¿YH�IROG�LQFUHDVH����WR�����FRYHU��LQ�PHDQ�XQGHUVWRU\�FRYHU�
from the highest to lowest basal area treatments. Living un-
GHUVWRU\�SODQW�FRYHU�LV�QHJOLJLEOH��������ZLWK�DQ\�PRUH�WKDQ� 
10 m2�KD� RI� HYHQO\�GLVWULEXWHG� SRQGHURVD� SLQH� RYHUVWRU\��
Clumping residual trees and basal area, as with restoration 
treatments and group selection silviculture, may raise this 
threshold and, at a minimum, promote spatially diverse under-
story conditions where that is a land management objective. 
And this understory development, combined with overstory 
inputs, allows fuel accumulation dynamics to be constructed 
for comparison.

Taylor Woods has also become a template for several ba-
sic studies of ponderosa pine ecology and physiology (e.g., 
.ROE�DQG�RWKHUV�������0F'RZHOO�DQG�RWKHUV�������UHODWHG�WR�
ZDWHU�XVH�HI¿FLHQF\��GURXJKW�WROHUDQFH�DQG�LQVHFW�UHVLVWDQFH�
in southwestern ponderosa pine. These and other studies have 
made use of the 0 basal area and unthinned control plots of 
FRPSDULVRQ��&RQWLQXHG�LQWHUHVW�LQ�WKH�HIIHFWV�RI�FOLPDWLF�ÀXF-
tuations and long-term drift can be further explored across 
these treatments. Having an experimental framework to 
examine the role of density is fundamental to advance the 
science in all these areas. As a long-term and uninterrupted 

Figure 4. Mean basal area growth per unit land area of ponderosa pine trees at Taylor Woods, northern Arizona, across six basal 
area treatments and four measurement decades: 1962-72, 1972-82, 1982-92, and 1992-2002, shown as separate regression 
lines.

data set, Taylor Woods will provide further insight in under-
VWRU\� GHYHORSPHQW�� IXHOV� DFFXPXODWLRQ�� ¿UH� EHKDYLRU�� DQG�
stand structure responses to climatic variability. In fact, few 
sites will be able to provide such insights as we move into the 
next century.
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����������������

7DSSHLQHU��-RKQ�&���0DJXLUH��'RXJODV�$���+DUULQJWRQ��7LPRWK\�
%��������6LOYLFXOWXUH�DQG�HFRORJ\�RI�ZHVWHUQ�8�6��IRUHVWV��
&RUYDOOLV��25��2UHJRQ�6WDWH�8QLYHUVLW\�3UHVV������S�

The content of this paper reflects the views of the author(s), who are 
responsible for the facts and accuracy of the information presented 
herein.
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Introduction

Understanding stand development is an important line of 
evidence about reference conditions that can guide current 
restoration activities. Furthermore, biometric measurements 
VXFK� DV� GLDPHWHU� DW� EUHDVW� KHLJKW� �'%+�� FDQ� EH� UHODWHG� WR�
tree biomass, nutrient storage, and other aspects of ecosystem 
VWUXFWXUH�DQG� IXQFWLRQ� �-HQNLQV�DQG�RWKHUV��������:H�RIWHQ�
lack empirical information about stand development and 
DUH�WKHUHIRUH�UHTXLUHG�WR�XVH�PRGHOV�WR�HVWLPDWH�KRZ�VWDQGV�
GHYHORSHG��6WDQG�UHFRQVWUXFWLRQ�PRGHOV�DUH�RQH�PHDQV�WR�RE-
tain information on past forest structure such as tree density 
DQG�GLDPHWHU�FODVVHV��(YHUHWW�DQG�RWKHUV�������*URYHQ�DQG�
RWKHUV�������+DUURG�DQG�RWKHUV�������

)XOp� DQG� RWKHUV� ������� DQG�+XIIPDQ� DQG� RWKHUV� �������
outlined a method of reconstructing past forest structure in 
southwestern ponderosa pine forests on the basis of con-
temporary measurements. Their model, which is built upon 
in this paper, overestimated tree size and forest density by 
a�����+XIIPDQ�DQG�RWKHUV��������0RGHO�DFFXUDF\�ZDV�DV-
sessed by comparing reconstructed forest structure with 
DFWXDO�GDWD�IURP�WKH�:RROVH\�SORWV��D�XQLTXH�VHW�RI�KLVWRULFDO�
stem-mapped plots on the Fort Valley Experimental Forest 
�)9()�� DQG� WKURXJKRXW�$UL]RQD� DQG�1HZ�0H[LFR� �0RRUH�
DQG�RWKHUV��������+RZHYHU�� WKH�PRGHO�XWLOLW\� LV� OLPLWHG�E\�

In: 2OEHUGLQJ��6XVDQ�'���DQG�0RRUH��0DUJDUHW�0���WHFK�FRRUGV��������)RUW�9DOOH\�([SHULPHQWDO�)RUHVW²$�&HQWXU\�RI�5HVHDUFK������������
3URFHHGLQJV�5056�3�����)RUW�&ROOLQV��&2��8�6��'HSDUWPHQW�RI�$JULFXOWXUH��)RUHVW�6HUYLFH��5RFN\�0RXQWDLQ�5HVHDUFK�6WDWLRQ������S�

“Growing Trees Backwards”: Description of a Stand 
Reconstruction Model

Jonathan D. Bakker, College of Forest Resources, University of Washington, 
Seattle, WA; Andrew J. Sánchez Meador, USFS Forest Management 
Service Center, Fort Collins, CO; Peter Z. Fulé, School of Forestry, 
Northern Arizona University, Flagstaff, AZ; David W. Huffman, 
Ecological Restoration Institute, Northern Arizona University, Flagstaff, 
AZ; and Margaret M. Moore, School of Forestry, Northern Arizona 
University, Flagstaff, AZ

Abstract—We describe an individual-tree model that uses contemporary measurements to 
“grow trees backward” and reconstruct past tree diameters and stand structure in ponde-
rosa pine dominated stands of the Southwest. Model inputs are contemporary structural 
measurements of all snags, logs, stumps, and living trees, and radial growth measurements, if 
available. Key steps include the application of inverse decay functions to estimate snag and 
log death dates, and the estimation of tree size in the reconstruction year via radial growth 
data or accrued basal area increment. The model is provided as a function for R, and can be 
modified for other species and regions.

KRZ� LW� ZDV� SDUDPHWHUL]HG�� )LUVW�� WKH� DOORPHWULF� HTXDWLRQV�
used in the model were compiled from a variety of sources 
rather than being locally parameterized, and therefore did 
QRW�¿W�WKH�GDWD�DV�JRRG�DV�SRVVLEOH��)RU�H[DPSOH��'%+�DQG�
GLDPHWHU�DW�VWXPS�KHLJKW��'6+��ZHUH�UHJUHVVHG��EXW�WKH�SXE-
OLVKHG�UHJUHVVLRQ�ZDV�EDVHG�RQ�D�VWXPS�KHLJKW�RI����FP����´��
+DQQ�������ZKLOH�WKH�GDWD�XVHG�WR�YDOLGDWH�WKH�PRGHO�ZHUH�
REWDLQHG�DW����FP�VWXPS�KHLJKW��6HFRQG��WKH�PRGHO�ZDV�ZULW-
ten using a software language that is no longer commonly 
used, and thus its utility was greatly diminished. We have 
SRUWHG� WKH�PRGHO� WR�5�� DQ� RSHQ�VRXUFH� VWDWLVWLFDO� ODQJXDJH�
�5�'HYHORSPHQW�&RUH�7HDP��������DQG�KDYH�SXEOLVKHG�WKH�
FRGH�DV�D�VFULSW��$SSHQGL[����WKDW�FDQ�EH�XSGDWHG�IRU�RWKHU�
species and forest types.

Here, we summarize the model structure, including the 
improvements we have made to it. We also note some of the 
limitations of the model as it is currently formulated.

Model Requirements

7KH�PRGHO�RSHUDWHV�RQ�DQ�LQGLYLGXDO�WUHH�EDVLV��,W�UHTXLUHV�
data on all trees in the stand, both live and dead. A number of 
¿HOG�FROOHFWHG�YDULDEOHV�DUH�UHFRUGHG�IRU�HDFK�WUHH��7DEOH����
7DEOH� ���� ,I� DYDLODEOH�� UDGLDO� JURZWK� GDWD� IURP� LQFUHPHQW�
cores can also be incorporated to provide accurate infor-
mation about individual trees. Although the original model 
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included more species, the revised model presented here is 
parameterized for ponderosa pine (Pinus ponderosa Laws. 
var. scopulorum�(QJHOP��� DQG�*DPEHO� RDN� �Quercus gam-
belii�1XWW����$OO�YDULDEOHV�PXVW�EH�LQ�PHWULF�XQLWV�

Model Structure

5VGR����2CTCOGVGT�5RGEKğECVKQP

3DUDPHWHUV�WR�EH�VSHFL¿HG�LQFOXGH�WKH�LQYHQWRU\�\HDU��\HDU�
ZKHQ�PHDVXUHPHQWV�ZHUH�REWDLQHG��FDQ�GLIIHU�DPRQJ�WUHHV���
UHFRQVWUXFWLRQ�\HDU��<HDU�;��D�FRQVWDQW��DOO�WUHHV�ZLOO�EH�UH-
FRQVWUXFWHG�EDFN�WR�WKLV�\HDU���DQG�GHDWK�GDWHV�RI�VWXPSV��LI�
known. 

Table 1. Variables to be measured, and allowed values for each.

Variable Values / Comments

Species Required.
Condition Required. See Table 3 for details.
Field-called Age Class Required. 0 (post-plot; ~100 years old), 1 (pre-plot;  
  >100 years old), or 2 (pre-settlement; >130 years old).  
  See Moore et al. (2004) for details.
DBH Outside bark, in cm. Either DBH or DSH is required.
DSH Outside bark, in cm. Either DBH or DSH is required.
Increment Core Optional. If a core is taken, the following variables should  
  be measured on it: i) center date; ii) radial increment from  
  inventory year back to Year X, in cm; iii) radial increment  
  from inventory year back to pith, in cm.

Step 2: Populate Required Inventory 
Year Variables

,W�LV�RIWHQ�QRW�SUDFWLFDO�WR�PHDVXUH�DOO�UHTXLUHG�YDULDEOHV�
for all trees. For example, we generally measure DBH on live 
WUHHV�EXW�'6+�RQ�GHDG�WUHHV��VQDJV��DQG�ORJV��7KHUHIRUH��ZH�
XVHG� '%+�'6+� UHJUHVVLRQV� WR� HVWLPDWH� PLVVLQJ� GDWD� YDO-
XHV��7KH�UHJUHVVLRQV��7DEOH����ZHUH�GHYHORSHG�IURP�WUHHV�RQ�
the Woolsey plots, a series of permanent plots on the Fort 
Valley Experimental Forest and throughout Arizona and New 
0H[LFR��0RRUH�DQG�RWKHUV��������)RU�HDFK�VSHFLHV��PXOWLSOH�
regression analysis indicated that this relationship did not dif-
IHU�EHWZHHQ�WUHHV�RI�GLIIHUHQW�¿HOG�FDOOHG�DJH�FODVVHV�

6HFRQG�� DOO� WUHHV� ZHUH� DVVLJQHG� LQ� WKH� ¿HOG� WR� RQH� RI�
WKUHH� ¿HOG�FDOOHG� DJH� FODVVHV�� EXW� RXU� PRGHO� LV� EDVHG� RQ�
two age classes. In ponderosa pine, these age classes 

Table 2. Regressions between outside-bark diameter at breast height (DBH, in cm) and diameter at a stump height of 
40 cm (DSH, in cm) and between DSH and annual basal area increment (Annual.BAI, in cm2) for ponderosa pine 
(PIPO) and Gambel oak (QUGA) trees. Data are from Woolsey plots throughout Arizona and New Mexico.

     Range of Range of
     independent dependent 
Species Equation N R2 SEEa variable variable

DBH-DSH Regressions

PIPO DSH = 1.664 + 1.063 DBH 8375 0.9935 1.511 0.25 to 99.06 1.02 to 103.63
QUGA DSH = 1.093 + 1.034 DBH 1400 0.9884 1.268 0.25 to 77.98 0.25 to 72.14

DSH-Annual.BAI Regressions

PIPOb ln(Annual.BAI) = -3.718 + 1.736 ln(DSH) 3008 0.9612 0.227 1.5 to 64.0 0.05 to 35.58
PIPOc ln(Annual.BAI) = -3.216 + 1.541 ln(DSH) 2014 0.6772 0.314 7.6 to 92.0 0.62 to 72.97
QUGAb ln(Annual.BAI) = -3.161 + 1.370 ln(DSH) 206 0.8777 0.284 1.8 to 25.7 0.07 to 6.04
QUGAc ln(Annual.BAI) = -3.090 + 1.384 ln(DSH) 143 0.5828 0.263 9.7 to 64.5 0.93 to 19.21

a Standard error of the estimate.
b “Post-plot” field-called age class.
c “Pre-plot” and “Presettlement” field-called age classes.
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URXJKO\�FRUUHVSRQG�WR�EODFN�MDFN��WUHHV������\HDUV�ROG��DQG�
\HOORZ�SLQH��WUHHV�!����\HDUV�ROG��0RRUH�DQG�RWKHUV��������
Calculated age classes are adjusted based on age data, where 
DYDLODEOH��RU�RQ�WKH�¿HOG�FDOOHG�DJH�FODVV�DQG�VL]H�RI�WKH�WUHH�

Step 3: Estimating Snag and Log Death 
Dates

Dead trees, snags, and logs are ‘undecomposed’ to esti-
PDWH� WKHLU� GHDWK�GDWHV� �7DEOH�����'HFD\� UDWHV� DUH� EDVHG�RQ�
5RJHUV�DQG�RWKHUV��������DQG�DVVXPHG�WKH���th decomposi-
tion rate percentile as this percentile has been shown to work 
ZHOO��+XIIPDQ�DQG�RWKHUV�������

5VGR����$CEM�)TQYVJ�QH�6TGGU

Trees are back-grown from their inventory or death date 
�ZKLFKHYHU�LV�HDUOLHU��WR�<HDU�;��7KUHH�PHWKRGV�DUH�XVHG��GH-
pending on the availability of increment data. If a complete 
LQFUHPHQW�FRUH��L�H���FRQWDLQLQJ�UDGLDO�LQFUHPHQWV�IURP�<HDU�
;�WR�SUHVHQW�DQG�IURP�SLWK�WR�SUHVHQW��LV�DYDLODEOH��GLDPHWHU�LQ�
<HDU�;�LV�UHFRQVWUXFWHG�XVLQJ�WKH�SURSRUWLRQDO�UHFRQVWUXFWLRQ�
PHWKRG��%DNNHU��������,I�RQO\�WKH�UDGLDO�LQFUHPHQW�IURP�<HDU�
;�WR�SUHVHQW�LV�DYDLODEOH��GLDPHWHU�LQ�<HDU�;�LV�UHFRQVWUXFW-
ed by subtracting twice the radial increment from the inside 
bark diameter. Inside bark diameters were calculated using 
SXEOLVKHG�HTXDWLRQV�IRU�SRQGHURVD�SLQH��0\HUV�������DQG�DV-
VXPLQJ�WKDW�EDUN�WKLFNQHVV�HTXDOHG����RI�VWHP�GLDPHWHU�IRU�

Table 3. Condition classes and decay rates applied to trees on the Woolsey plots. The example 
shows the estimated death date for a 50 cm DBH tree measured in 2008. For instance, a 50 cm 
DBH condition 3 tree is estimated to have died in 2008 while a condition 7 log of the same size 
is estimated to have died in 1943.

Condition Description Annual transition rate Example

 1 Live -
 2 Fading -
 3 Recently dead snag 0 (assumed to have died in 2008 
   inventory year)
 4 Loose bark snag 20% 2004
 5 Clean bark snag Condition 4 + 15% 1999
 6 Snag broken above breast height (BH) Condition 5 + Diameter 1971 
   dependent snag fall rate
 7 Log (snag broken below BH) Condition 5 + 2(Diameter 1943 
   dependent snag fall rate)
 8 Windthrow (dead and down; log Diameter dependent snag 1980 
  with root ball present)  fall rate
 9 Cut stump Death date = Cut date, if known,  
   else default date assigned to all  
   stumps
 10 Stump hole Same as Condition 7 1943
 11 Tree missing Same as Condition 7 1943

Note: Transition rates are for ponderosa pine and are derived from Rogers and others (1984).

*DPEHO�RDN��)LQDOO\��LI�QR�LQFUHPHQW�GDWD�DUH�DYDLODEOH��GL-
DPHWHU�LQ�<HDU�;�LV�UHFRQVWUXFWHG�E\�FDOFXODWLQJ�WKH�H[SHFWHG�
EDVDO�DUHD�LQFUHPHQW�IRU�WKH�LQWHUYDO�EHWZHHQ�<HDU�;�DQG�WKH�
inventory year and subtracting that increment from the basal 
area in the inventory year. Diameter-BAI regressions were 
calculated from trees on Woolsey plots through Arizona and 
1HZ�0H[LFR��7DEOH�����$GYDQWDJHV�RI�WKHVH�UHJUHVVLRQV�DUH�
that they are on a log-log scale, are based on large sample 
sizes from a wide geographic range, and span a much larger 
DBH range than previous regressions. All back-growth cal-
FXODWLRQV� DUH� FRQGXFWHG� DW�'6+� VLQFH� WKDW� LV� WKH� KHLJKW� DW�
which increment cores and BAI data were obtained.

Discussion

The accuracy with which individual trees are modeled di-
rectly affects the accuracy of stand-level attributes such as 
tree density and basal area. There are three main elements 
that affect model accuracy. First, reconstructions presume 
that all tree structures in the stand, including highly de-
FRPSRVHG� VQDJV�� ORJV�� DQG� VWXPSV��ZHUH� LGHQWL¿HG��7KLV� LV�
IHDVLEOH�LQ�DULG�HQYLURQPHQWV�OLNH�WKH�6RXWKZHVW��GXULQJ�VDP-
SOLQJ� LQ� �����������0RRUH� DQG� RWKHUV� �������PLVVHG� RQO\�
���RI�WKH�WUHHV�SUHVHQW�DW�SORW�HVWDEOLVKPHQW��������������,Q�
environments with more mesic climates or faster decomposi-
tion rates, this model may not be applicable over as long of 
WLPH�SHULRGV��6LPLODUO\��VWDQG�GLVWXUEDQFHV�VXFK�DV�¿UHV�WKDW�
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consume woody debris will reduce the number of detectable 
tree structures.

6HFRQG��WKHUH�DUH�D�QXPEHU�RI�NQRZQ�LVVXHV�UHODWHG�WR�HV-
timates of snag and log death dates. First, these rates were 
derived for ponderosa pine but are applied to all species 
VLQFH�ZH� ODFN� VSHFL¿F� UDWHV� IRU� RWKHU� VSHFLHV�� 6HFRQG�� WUHH�
FRQGLWLRQ����VQDJV�EURNHQ�EHORZ�%+��LV�SRRUO\�OLQNHG�WR�DJH�
�:DVNLHZLF]�DQG�RWKHUV��������7KLUG��GHDWK�GDWHV�RI�FRQGL-
WLRQ����ORJV�ZLWK�URRW�EDOOV��WUHHV�DSSHDU�WR�EH�XQGHUHVWLPDWHG�
since they are calculated to be of an age intermediate between 
FRQGLWLRQV���DQG��� �7DEOH�����)RXUWK��FRQGLWLRQV���� �VWXPS�
KROH��DQG�����PLVVLQJ��ZHUH�QRW�LQFOXGHG�LQ�5RJHUV�DQG�RWK-
HUV� ��������ZH�KDYH�DVVXPHG� WKDW� WUHHV�RI� WKHVH�FRQGLWLRQV�
DUH� DW� OHDVW� DV� ROG� DV� FRQGLWLRQ� �� �ORJ�� VQDJ� EURNHQ� EHORZ�
%+��WUHHV��)LQDOO\��WKH�GHFD\�IXQFWLRQV�DUH�OLQHDU�DQG�GHWHU-
ministic, and do not capture the range of variability observed 
�:DVNLHZLF]�DQG�RWKHUV�������

Third, the three back-growth methods yield different es-
WLPDWHV�RI�KLVWRULFDO�'%+��7R�DVVHVV�WKLV��ZH�LGHQWL¿HG�����
live ponderosa pine trees on the Woolsey plots that have 
complete increment cores and for which we knew their actual 
DBH at plot establishment. These particular trees are locat-
HG�RQ�WKH�&RFRQLQR�DQG�3UHVFRWW�1DWLRQDO�)RUHVWV��6iQFKH]�
0HDGRU�DQG�0RRUH�� WKLV�SURFHHGLQJV��'H�%ORLV�DQG�RWKHUV��
WKLV� SURFHHGLQJV��� 3ORWV� RQ� WKH� &RFRQLQR� ZHUH� HVWDEOLVKHG�
LQ� ����������ZKLOH� WKRVH� RQ� WKH�3UHVFRWW�ZHUH� HVWDEOLVKHG�
LQ� �����������:H� HVWLPDWHG� WKH�'%+� RI� HDFK� WUHH� DW� SORW�
establishment using all three reconstruction methods, and 
calculated the precision of each estimate as the deviation be-
tween the estimated and actual DBH divided by the actual 
DBH. On average, the proportional reconstruction method 
XQGHUHVWLPDWHG�WKH�DFWXDO�'%+�E\�������V� ��������ZKLOH�
WKH�UDGLDO�LQFUHPHQW�PHWKRG�XQGHUHVWLPDWHG�'%+�E\�������
�V�  � �������� 8VLQJ� WKH� %$,� PHWKRG�� ����� RI� WUHHV� ZHUH�
estimated to have been too small to be present at plot estab-
OLVKPHQW��L�H���WKHLU�HVWLPDWHG�GLDPHWHUV�ZHUH�QHJDWLYH���)RU�
those trees large enough to be present, DBH was underesti-
PDWHG�E\��������V� ��������

Future research should address the model limitations 
LGHQWL¿HG�KHUH�DQG�H[SORUH�WKH�HIIHFW�RI�WLPH�LQWHUYDO�RQ�UH-
construction accuracy. Future enhancements could include the 
incorporation of variable stump heights and spatial informa-
tion such as distance-dependent competition from neighbors. 
In addition, although the model is currently parameterized 
IRU�RQO\�WZR�VSHFLHV�LQ�WKH�6RXWKZHVW��WKH�FRGH��$SSHQGL[����
can be edited to parameterize it for other species or regions. 
In spite of these limitations, stand reconstructions permit us 
to visualize stand development, estimate reference conditions 
WKDW�JXLGH�FXUUHQW�UHVWRUDWLRQ�DFWLYLWLHV��DQG�TXDQWLI\�WKH�HI-
fects of stand development on ecosystem function.
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Appendix 1. R function. Text following a ‘#’ on a line are comments, not executable code.  

 

# R code to calculate prior forest structure in northern Arizona ponderosa 

pine forests 

#   based on contemporary Data. 

# J.D. Bakker, May 30, 2008 

# Based on R code from A.J. Sanchez Meador and a R-Base macro from  

#   P.Z. Fule, A. Waltz, J. Crouse, D. Huffman, and A.J. Sanchez Meador. 

 

# Formatting Notes: 

# 1.All Data must be in metric units. 

# 2.Data must be comma delimited (csv), with headers on the first line. 

# 3.No spaces in column headings (use '.' instead) 

 

# Model Arguments (variables): 

# tree.num - Unique tree number. Required. 

# orig.tree.num - number assigned at plot establishment or remeasurement. 

Optional. 

# spp - Species code. Valid codes: PIPO, QUGA. All other species omitted at 

present. Required. 

# cond - tree condition. Valid numbers range from 1 to 11. Required. 

# age - Field call of age class. Valid codes are 0 (post-plot), 1 (pre-plot), 

or 2 (pre-settlement). Required. 

# dbh - DBH, outside bark, in cm. Optional, but either dbh or dsh is 

required. 

# dsh - DSH, in cm. Usually outside bark. Optional, but either dbh or dsh is 

required. 

# core - 0 (no core) or 1 (cored). Optional. 

# center.date - Center date. Optional. 

# inc.x.yr - Increment from inventory year to desired reconstruction year 

(Year X), in cm. Optional. 

# inc.excl.yr - Increment from inventory year to fire exclusion year, in cm. 

Optional. 

# inc.pith - Increment from inventory year to pith of stem, in cm. Optional. 

# cut.date - Cut date of stump or death date of tree. Optional. 

# inv.yr - Inventory year. Required. 

# dbh.inv - Calculated DBH (outside bark) in inventory year for use in model. 

Returned by model. 

# dsh.inv - Calculated DSH (outside bark) in inventory year for use in model. 

Returned by model. 

# age.inv - Calculated age class in inventory year for use in model. Returned 

by model. 

# death.yr - Calculated; last year in which tree was alive (inventory year 

for live trees) Returned by model.. 

# dsh.x - Calculated DSH (outside bark) in Year X. Returned by model. 

# dbh.x - Calculated DBH (outside bark) in Year X. Returned by model. 

 

# Future Enhancements: 

#  -parameterize for other species 

#  -incorporate stump height 

 

 

##### RECON.MODEL FUNCTION ##### 

recon.model<-function(Data, xyr, exclyr) { 
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for(i in 1:nrow(Data)) { 

  if(Data$cond[i] <= 2) { 

    if((!is.na(Data$center.date[i]) && Data$center.date[i] <= excl.yr) || 

!is.na(Data$inc.excl.yr[i]))  { 

      Data$age.inv[i]=1 } 

  } 

  if(Data$cond[i] >= 3 && Data$age[i] > 0) Data$age.inv[i]=1  

} 

 

cat("Determine Presettlement age class for dead trees/stumps with/without 

field calls", "\n") 

for(i in 1:nrow(Data)) { 

 if(Data$spp[i] == 'PIPO' && Data$cond[i] == 9 && Data$age[i] < 1) { if 

(Data$dsh.inv[i] >=  31.8) Data$age.inv[i]=1 } 

 if(Data$spp[i] == 'QUGA' && Data$dbh.inv[i] >= 17) Data$age.inv[i]=1  

} 

 

cat("Final check for age inconsistencies", "\n") 

for(i in 1:nrow(Data)) { 

  if(!is.na(Data$center.date[i]) && Data$center.date[i] <= excl.yr) 

Data$age.inv[i]=1 

  if(Data$age[i] > 0 && Data$cond[i] <= 2 && (is.na(Data$center.date[i]) || 

Data$center.date[i] >=  Data$inv.yr[i]) && (is.na(Data$inc.x.yr[i]) || 

Data$inc.x.yr[i] == 0)) Data$age.inv[i]=1 

  if(!is.na(Data$center.date[i]) && Data$center.date[i] > excl.yr && 

Data$center.date[i] <  Data$inv.yr[i]) Data$age.inv[i]=0  

} 

cat("Age/Size Class determination complete", "\n") 

 

 

### “UN-DECOMPOSE” DEAD TREES TO DETERMINE DEATH DATES ### 

cat("Step 4. Estimate Death Dates of Dead Trees", "\n") 

cat("Initialize death date at inventory year for all trees", "\n") 

Data$death.yr <- Data$inv.yr 

pctile = 0.5  # Set decomposition percentile 

cat("Decomposition percentile =", pctile, "\n") 

 

for(i in 1:nrow(Data)) { 

# Condition 3 assumed to have died in inventory year 

  if(Data$cond[i] == 4) { Data$death.yr[i] = Data$inv.yr[i] + ((log(pctile)-

log(1))/log(1.2)) } 

  if(Data$cond[i] == 5) { Data$death.yr[i] = Data$inv.yr[i] + ((log(pctile)-

log(1))/log(1.2)) +  ((log(pctile)-log(1))/log(1.15)) } 

  if(Data$cond[i] == 6) { Data$death.yr[i] = Data$inv.yr[i] + ((log(pctile)-

log(1))/log(1.2)) +  ((log(pctile)-log(1))/log(1.15)) + ((log(pctile)-

log(1))/log(1+(1/(2*(Data$dbh.inv[i]/2.54))))) } 

  if(Data$cond[i] == 7) { Data$death.yr[i] = Data$inv.yr[i] + ((log(pctile)-

log(1))/log(1.2)) +  ((log(pctile)-log(1))/log(1.15)) + 2*((log(pctile)-

log(1))/log(1+(1/(2*(Data$dbh.inv[i]/2.54))))) } 

  if(Data$cond[i] == 8) { Data$death.yr[i] = Data$inv.yr[i] +  ((log(pctile)-

log(1))/log(1+(1/(2*(Data$dbh.inv[i]/2.54))))) } 

  if(Data$cond[i] == 9) { 

    if(!is.na(Data$cut.date[i])) { Data$death.yr[i] = Data$cut.date[i] } 

    else { 

      if(!is.na(Data$orig.tree.num[i])) { Data$death.yr[i] = 1940 } 

      else { Data$death.yr[i] = 1980 }}} 

  if(Data$cond[i] == 10) { Data$death.yr[i] = Data$inv.yr[i] + ((log(pctile)-
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for(i in 1:nrow(Data)) { 

  if(Data$cond[i] <= 2) { 

    if((!is.na(Data$center.date[i]) && Data$center.date[i] <= excl.yr) || 

!is.na(Data$inc.excl.yr[i]))  { 

      Data$age.inv[i]=1 } 

  } 

  if(Data$cond[i] >= 3 && Data$age[i] > 0) Data$age.inv[i]=1  

} 

 

cat("Determine Presettlement age class for dead trees/stumps with/without 

field calls", "\n") 

for(i in 1:nrow(Data)) { 

 if(Data$spp[i] == 'PIPO' && Data$cond[i] == 9 && Data$age[i] < 1) { if 

(Data$dsh.inv[i] >=  31.8) Data$age.inv[i]=1 } 

 if(Data$spp[i] == 'QUGA' && Data$dbh.inv[i] >= 17) Data$age.inv[i]=1  

} 

 

cat("Final check for age inconsistencies", "\n") 

for(i in 1:nrow(Data)) { 

  if(!is.na(Data$center.date[i]) && Data$center.date[i] <= excl.yr) 

Data$age.inv[i]=1 

  if(Data$age[i] > 0 && Data$cond[i] <= 2 && (is.na(Data$center.date[i]) || 

Data$center.date[i] >=  Data$inv.yr[i]) && (is.na(Data$inc.x.yr[i]) || 

Data$inc.x.yr[i] == 0)) Data$age.inv[i]=1 

  if(!is.na(Data$center.date[i]) && Data$center.date[i] > excl.yr && 

Data$center.date[i] <  Data$inv.yr[i]) Data$age.inv[i]=0  

} 

cat("Age/Size Class determination complete", "\n") 

 

 

### “UN-DECOMPOSE” DEAD TREES TO DETERMINE DEATH DATES ### 

cat("Step 4. Estimate Death Dates of Dead Trees", "\n") 

cat("Initialize death date at inventory year for all trees", "\n") 

Data$death.yr <- Data$inv.yr 

pctile = 0.5  # Set decomposition percentile 

cat("Decomposition percentile =", pctile, "\n") 

 

for(i in 1:nrow(Data)) { 

# Condition 3 assumed to have died in inventory year 

  if(Data$cond[i] == 4) { Data$death.yr[i] = Data$inv.yr[i] + ((log(pctile)-

log(1))/log(1.2)) } 

  if(Data$cond[i] == 5) { Data$death.yr[i] = Data$inv.yr[i] + ((log(pctile)-

log(1))/log(1.2)) +  ((log(pctile)-log(1))/log(1.15)) } 

  if(Data$cond[i] == 6) { Data$death.yr[i] = Data$inv.yr[i] + ((log(pctile)-

log(1))/log(1.2)) +  ((log(pctile)-log(1))/log(1.15)) + ((log(pctile)-

log(1))/log(1+(1/(2*(Data$dbh.inv[i]/2.54))))) } 

  if(Data$cond[i] == 7) { Data$death.yr[i] = Data$inv.yr[i] + ((log(pctile)-

log(1))/log(1.2)) +  ((log(pctile)-log(1))/log(1.15)) + 2*((log(pctile)-

log(1))/log(1+(1/(2*(Data$dbh.inv[i]/2.54))))) } 

  if(Data$cond[i] == 8) { Data$death.yr[i] = Data$inv.yr[i] +  ((log(pctile)-

log(1))/log(1+(1/(2*(Data$dbh.inv[i]/2.54))))) } 

  if(Data$cond[i] == 9) { 

    if(!is.na(Data$cut.date[i])) { Data$death.yr[i] = Data$cut.date[i] } 

    else { 

      if(!is.na(Data$orig.tree.num[i])) { Data$death.yr[i] = 1940 } 

      else { Data$death.yr[i] = 1980 }}} 

  if(Data$cond[i] == 10) { Data$death.yr[i] = Data$inv.yr[i] + ((log(pctile)-
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log(1))/log(1.2)) +  ((log(pctile)-log(1))/log(1.15)) + 2*((log(pctile)-

log(1))/log(1+(1/(2*(Data$dbh.inv[i]/2.54))))) } 

  if(Data$cond[i] == 11) { Data$death.yr[i] = Data$inv.yr[i] + ((log(pctile)-

log(1))/log(1.2)) +  ((log(pctile)-log(1))/log(1.15)) + 2*((log(pctile)-

log(1))/log(1+(1/(2*(Data$dbh.inv[i]/2.54))))) } 

} 

 

Data$death.yr <- as.integer(Data$death.yr) 

cat("Determination of Death Dates Complete", "\n") 

 

### UN-GROW ALL TREES TO YEAR X ### 

cat("Step 5. Un-Grow Trees to Year X", "\n") 

 

for(i in 1:nrow(Data)) { 

  if((!is.na(Data$center.date[i]) & Data$center.date[i] > x.yr) | 

(Data$death.yr[i] < x.yr)) { 

    Data$dbh.x[i] = 0 

  } # Trees obviously not present in Year X 

  if(Data$spp[i] == 'PIPO') { 

    if(!is.na(Data$inc.x.yr[i])) { 

      if(!is.na(Data$inc.pith[i])) { # Proportional reconstruction method if 

increment to pith measured 

        prop = (Data$inc.pith[i] - Data$inc.x.yr[i]) / Data$inc.pith[i] 

        Data$dsh.x[i] = Data$dsh.inv[i] * prop 

      } 

      else { # For trees without increment to pith measured 

        if(Data$age.inv[i] == 1) { # Yellow pine bark thickness equations 

(Myers 1963) 

          Data$dsh.x[i] = 1.0524 * (((0.9498 * Data$dsh.inv[i]) - 2.8491) - 

(2 * Data$inc.x.yr[i])) - 3.0272 

        } 

        else { # Blackjack bark thickness equations (Myers 1963) 

          Data$dsh.x[i] = 1.0698 * (((0.9344 * Data$dsh.inv[i]) - 3.0284) - 

(2 * Data$inc.x.yr[i])) - 3.2614 

        } 

      } 

      Data$dbh.x[i] = (Data$dsh.x[i] - 1.6643787) / 1.0632921 

      # Formula from Woolsey plots; r^2 = 0.994; N = 8375 

      if(Data$dbh.x[i] < 0) { Data$dbh.x[i] == 0 } 

    } 

    else { # For trees without increment data 

      if(Data$age.inv[i] == 1) { # Yellow pine equation from Woolsey plots; 

r^2 = 0.6772; N = 2014 

        Data$dbh.x[i] = sqrt(Data$dbh.inv[i]^2 - (4/pi * exp(-3.21600 + 

1.54140 * log(Data$dbh.inv[i])) * (Data$death.yr[i] - x.yr))) 

        if(is.nan(Data$dbh.x[i])) { Data$dbh.x[i] = 0 } 

      } 

      else { # Blackjack equation from Woolsey plots; r^2 = 0.9612; N = 3008 

        Data$dbh.x[i] = sqrt(Data$dbh.inv[i]^2 - (4/pi * exp(-3.718047 + 

1.735790 * log(Data$dbh.inv[i])) * (Data$death.yr[i] - x.yr))) 

        if(is.nan(Data$dbh.x[i])) { Data$dbh.x[i] = 0 } 

      } 

    } 

  } 

  if(Data$spp[i] == 'QUGA') { 

    if(!is.na(Data$inc.x.yr[i])) { # For trees with increment data 

# NOTE - All formulas here assume 5% bark thickness for QUGA (no literature) 
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# TODO - Develop QUGA bark thickness equations 

      if(!is.na(Data$inc.pith[i])) { # Proportional reconstruction method if 

increment to pith measured 

        prop = (Data$inc.pith[i] - Data$inc.x.yr[i]) / Data$inc.pith[i] 

        Data$dsh.x[i] = Data$dsh.inv[i] * prop 

      } 

      else { # For trees without increment to pith measured 

        Data$dsh.x[i] = ((0.95 * Data$dsh.inv[i]) - (2 * Data$inc.x.yr[i])) / 

0.95 

      } 

      Data$dbh.x[i] = (Data$dsh.x[i] - 1.092945) / 1.033582 

      # Formula from Woolsey plots; r^2 = 0.988; N = 1400 

      if(Data$dbh.x[i] < 0) { Data$dbh.x[i] = 0 } 

    } 

    else { # For trees without increment data 

      if(Data$age.inv[i] == 1) { # Large/old tree equation from Woolsey 

plots; r^2 = 0.5828; N = 143 

        Data$dbh.x[i] = sqrt(Data$dbh.inv[i]^2 - (4/pi * exp(-3.09044 + 

1.38412 * log(Data$dbh.inv[i])) * (Data$death.yr[i] - x.yr))) 

        if(is.nan(Data$dbh.x[i])) { Data$dbh.x[i] = 0 } 

      } 

      else { # Small tree equation from Woolsey plots; r^2 = 0.8777; N = 206 

        Data$dbh.x[i] = sqrt(Data$dbh.inv[i]^2 - (4/pi * exp(-3.16137 + 

1.37009 * log(Data$dbh.inv[i])) * (Data$death.yr[i] - x.yr))) 

        if(is.nan(Data$dbh.x[i])) { Data$dbh.x[i] = 0 } 

      } 

    } 

  } 

} 

# Other species omitted at present 

cat("Un-Growth of Trees to Year X Complete", "\n") 

 

 

### SUMMARIZE DATA ### 

cat("Step 6. Summarize Data", "\n")  

 

cat("Comparison of field Age Class calls with model age/size classes", "\n") 

table(Data[c("age", "age.inv", "spp")]) # Creates a contingency table, by 

species 

 

hist(Data$dbh.x[Data$dbh.x > 0]) 

 

write.csv(Data, file = file.choose())  

#NOTE - Remember to specify a “.csv” ending to file name, otherwise R will 

specify no file extension! 

cat("Data Saved to CSV file", "\n") 

 

#detach(Data) 

} 

##### END OF RECON.MODEL FUNCTION ##### 

 

 

 

### CODE TO RUN RECON.MODEL FUNCTION ### 

Data <-  read.csv(file.choose(), header = TRUE, sep = ",", quote="\"", 

dec=".", fill = TRUE,  na.strings = "NA") 

recon.model(Data, xyr=1909, exclyr=1876) 
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Introduction

In the decades around 1900, livestock grazing and tim-
ber harvesting were largely unregulated and unsustainable in 
northern Arizona. These land uses clearly needed to be bal-
DQFHG��DQG� WKH�&RFRQLQR�1DWLRQDO�)RUHVW� �&1)���ZKLFK�ZDV�
established in 1908, did so by regulating when, where, and 
KRZ� WKH\� ZHUH� FRQGXFWHG�� ,Q� ������ 5REHUW� 5�� +LOO�� D� 8�6��
)RUHVW�6HUYLFH��86)6��*UD]LQJ�([DPLQHU�ZLWK�'LVWULFW����QRZ�
5HJLRQ� ��� DQG� WKH� )RUW�9DOOH\� ([SHULPHQWDO� )RUHVW� �)9()��
initiated a study to examine potential livestock damage to pon-
derosa pine (Pinus ponderosa Laws. var. scopulorum�(QJHOP���
UHJHQHUDWLRQ��+LOO��������7KLV�VWXG\�LQFOXGHG�GHWDLOHG�REVHUYD-
tions on the amount of browsing damage to pine seedlings and 
saplings on 150 plots in 1910 and an additional 100 plots in 
����������SORWV�WRWDO���$OO�SORWV�ZHUH�ZLWKLQ����NP�����PLOHV��
RI�)ODJVWDII��$=��7KH� IDWH�RI� WKH�VHHGOLQJV�DQG�VDSOLQJV�ZDV�
IROORZHG�IURP������WR�������+LOO��������FRQFOXGHG�WKDW�����D�
WKLUG�RI�WKH�VHHGOLQJV�ZHUH�VHYHUHO\�RU�PRGHUDWHO\�GDPDJHG��
���GDPDJH�ZDV�FRQFHQWUDWHG�LQ�VSHFL¿F�WLPHV�RI�WKH�\HDU��DQG�
��� VKHHS�JHQHUDOO\�GR� WKH�PRVW� VHYHUH�GDPDJH� WR� VHHGOLQJV��
though all classes of livestock are likely to damage small trees 
on overgrazed range. Hill conducted this study while also lead-
LQJ�WKH�¿UVW�UDQJH�UHFRQQDLVVDQFH�LQ�WKH�8QLWHG�6WDWHV��ZKLFK�
ZDV�FRQGXFWHG�RQ�&1)�LQ�������%RGOH\�������

As part of his grazing effects study, Hill established ~ 0.6 ha 
�����DFUH��OLYHVWRFN�H[FORVXUHV�DW�¿YH�VLWHV�WR�H[SHULPHQWDOO\�
determine the effects of grazing protection on pine reproduc-
WLRQ�� 6LWHV� ZHUH� VHOHFWHG� WR� VSDQ� D� UDQJH� RI� VRLO� W\SHV� DQG�
HOHYDWLRQV� �7DEOH� ����$Q� LQFLGHQWDO� JRDO� RI� WKHVH� H[FORVXUHV�

In: 2OEHUGLQJ��6XVDQ�'���DQG�0RRUH��0DUJDUHW�0���WHFK�FRRUGV��������)RUW�9DOOH\�([SHULPHQWDO�)RUHVW²$�&HQWXU\�RI�5HVHDUFK������������
3URFHHGLQJV�5056�3�����)RUW�&ROOLQV��&2��8�6��'HSDUWPHQW�RI�$JULFXOWXUH��)RUHVW�6HUYLFH��5RFN\�0RXQWDLQ�5HVHDUFK�6WDWLRQ������S�

The Hill Plots: A Rare Long-Term Vegetation Study

Jonathan D. Bakker, College of Forest Resources, University of Washington, 
Seattle, WA; Margaret M. Moore, School of Forestry, Northern 
Arizona University, Flagstaff, AZ; and Daniel C. Laughlin, Ecological 
Restoration Institute, Northern Arizona University, Flagstaff, AZ

Abstract—One legacy of the Fort Valley Experimental Forest is the number and quality of 
long-term studies associated with it. One such study is the “Hill plots,” which began in 1912 
and is still being actively studied. Livestock exclosures were built at five sites to examine veg-
etation recovery when protected from livestock grazing. Sites span a range of soil types and 
elevations. Materials associated with the Hill plots include historical data, plant specimens, 
and photographs. In this paper, we summarize the research that has occurred on the Hill 
plots, historical personnel who worked on them, threats they have experienced, ecological 
insights they have provided, and current research directions.

was to permit an assessment of the effects of livestock grazing 
RQ�IRUDJH�SODQWV��+LOO��������\HW�WKLV�DVSHFW�RI�WKH�UHVHDUFK�KDV�
been the primary focus since 1914. Collectively, these sites are 
now known as the “Hill plots” in recognition of Hill’s foresight 
in establishing them. Here, we summarize the research that 
has been conducted on these sites, historical personnel who 
worked on them, threats they have experienced, ecological in-
sights they have provided, and current research directions.

Historical Research

Historical work on the Hill plots occurred from 1912 to 
������0DQ\� 86)6� VFLHQWLVWV� ZRUNHG� RQ� WKHVH� SORWV� WKURXJK-
RXW� WKH�\HDUV��7DEOH�����DQG�ZHQW�RQ� WR�EHFRPH�OHDGHUV� LQ� WKH�
¿HOGV�RI�UDQJH�HFRORJ\�DQG�PDQDJHPHQW��+LOO�VHUYHG�DV�GLUHF-
WRU� RI� WKH� 6DQWD� 5LWD� ([SHULPHQWDO� 5DQJH� LQ� ������ DQG� ODWHU�
EHFDPH�*UD]LQJ�([DPLQHU�LQ�FKDUJH�RI�WKH�5HJLRQDO�2I¿FH�RI�
*UD]LQJ�6WXGLHV��2WKHU�QRWDEOH�VFLHQWLVWV�LQFOXGH�:��5��&KDSOLQH�� 
0��:��7DOERW��&��/��)RUVOLQJ��(��:��1HOVRQ��&��.��&RRSHUULGHU��
and J. F. Arnold.

,Q� ������ +LOO� HVWDEOLVKHG� ¿IW\� FKDUW� TXDGUDWV�� ¿YH� LQVLGH�
DQG�¿YH�RXWVLGH�HDFK�H[FORVXUH��4XDGUDWV�ZHUH���[���P��DQG�
ZHUH�PDUNHG�LQ�HDFK�FRUQHU�ZLWK�D�ZRRGHQ�VWDNH��&KDUW�TXDG-
rats, plots in which the positions of all plants are accurately 
noted, were a common method of studying vegetation in the 
early 1900s (e.g., Clements 1905, Weaver and Clements 1929, 
)LJXUH� ��� 7DEOH� ���� 7KH� YHJHWDWLRQ� RQ� WKHVH� TXDGUDWV� ZDV�
mapped, recording the basal area of grass clumps and prostrate 
species (e.g., Antennaria�� DV�SRO\JRQV�� DQG� LQGLYLGXDO� VWHPV�
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of most forbs and shrubs as points. Quadrats were measured 
SHULRGLFDOO\�EHWZHHQ������DQG�������)LJXUH�����(DUO\�PDSSLQJ�
was done manually until Hill adapted the pantograph for use in 
YHJHWDWLRQ�VWXGLHV��+LOO�������

6LWH�PDSV�VKRZLQJ�WKH�ORFDWLRQV�RI�FKDUW�TXDGUDWV�GR�QRW�DS-
SHDU�WR�KDYH�EHHQ�PDGH�RULJLQDOO\��DQG�VHYHUDO�TXDGUDWV�FRXOG�
not be relocated after 1914. In 1920, site maps were drawn 
VKRZLQJ� WKH� ORFDWLRQ� RI� HDFK� TXDGUDW� UHODWLYH� WR� IHQFHV� DQG�
other features. In addition, the wooden stakes were replaced 
around this time with angle iron stakes, and one corner of each 
TXDGUDW�ZDV�WDJJHG�ZLWK�D�PHWDO�QXPEHUHG�WDJ�

$URXQG�������WKH�H[FORVXUHV�DW�)U\�3DUN�DQG�%ODFN�6SULQJV�
were expanded to permit assessments of vegetation recovery 
in areas that had received two additional decades of livestock 
grazing. However, these assessments appear to have been done 
YLVXDOO\�RU�ZLWK�SKRWRJUDSKV��ZH�KDYH�QRW�IRXQG�GDWD�FROOHFWHG�
VSHFL¿FDOO\�LQ�WKHVH�DUHDV�

:KLOH� WKH� SDQWRJUDSK� VLPSOL¿HG� WKH� SURFHVV� RI�PDSSLQJ�
D� FKDUW�TXDGUDW�� WKH� WLPH�FRPPLWPHQW�ZDV� VWLOO� FRQVLGHUDEOH�
and resulted in a low number of samples for a given area. In 
WKH�ODWH�����V��5��+��&DQ¿HOG�DGDSWHG�WKH�OLQH�LQWHUFHSW�VDP-
SOLQJ�PHWKRG� WR� UDQJHODQG� YHJHWDWLRQ� �&DQ¿HOG� �������7KLV�

Table 2. Personnel who worked on the Hill plots (1912-1956). Initials are provided for 
individuals that have not been definitively identified.

Person Date Range Activities

Robert R. Hill 1912-1921 Established exclosures; Recorded damage  
   to ponderosa pine regeneration; Chart quadrats
W. R. Chapline 1912 Chart quadrats
M. W. Talbot 1920-1923 Chart quadrats; Photographs
C. L. Forsling 1920 Chart quadrats
Enoch W. Nelson 1924 Chart quadrats
C. K. Cooperrider 1925-1926 Chart quadrats; Photographs
LAW 1925 Chart quadrats
R. F. Copple 1926-1930 Chart quadrats
E. H. Bomberger 1930-1938 Chart quadrats
E. Shirley Bliss 1930 Chart quadrats
Barnard A. Hendricks 1930 Chart quadrats
CFD 1931 Chart quadrats
Oran B. Stanley 1931 Chart quadrats
Hugh O. Cassidy 1930-1933 Chart quadrats
J. D. Jones 1932 Photographs
Gordon D. Merrick 1933-1938 Chart quadrats
TGW 1933 Chart quadrats
William J. Cribbs 1935 Photographs
George E. Glendening 1941 Chart quadrats; Line intercept sampling; Photographs
BHM 1941 Chart quadrats; Line intercept sampling
EES 1941 Chart quadrats; Line intercept sampling
EFP 1941 Line intercept sampling
HAL 1941 Line intercept sampling
James G. Rowbury, Jr. 1941 Line intercept sampling
Joseph F. Arnold 1947-1952 Line transect samples; Photographs
Kenneth W. Parker 1947 Photographs
T. M. Smith 1956 Photographs

Sources: Unpublished records in Fort Valley Experimental Forest Archives; Arnold (1950); Price (1976); 
Chapline (1980).

method greatly increased the speed and therefore the number 
of samples that could be obtained from an area. The Hill plots 
were sampled in this manner in 1941 and 1948 (Arnold 1950, 
%DNNHU�DQG�0RRUH�������

Historical Collections

7KH� KLVWRULFDO� YHJHWDWLRQ� GDWD� �FKDUW� TXDGUDW� PDSV� DQG�
OLQH� LQWHUFHSW� GDWD� VKHHWV�� DUH� KRXVHG� LQ� WKH� )RUW� 9DOOH\�
([SHULPHQWDO�)RUHVW�$UFKLYHV�LQ�)ODJVWDII��$=��7KH�$UFKLYHV�
also contain other pertinent information such as summaries of 
grazing intensity for the allotments in which the sites are lo-
FDWHG��DQG�KDQG�GUDZQ�PDSV�RI�TXDGUDW�ORFDWLRQV�ZLWKLQ�VLWHV�

3KRWRJUDSKV� ZHUH� WDNHQ� RI� VLWHV� DQG� RI� LQGLYLGXDO� FKDUW�
TXDGUDWV�EHWZHHQ������DQG�������2I�SDUWLFXODU�QRWH�DUH�D�VH-
ries of photographs taken by M. W. Talbot in 1921 and reshot 
E\�.��:��3DUNHU�LQ�������H�J���)LJXUH�����0DQ\�RI�WKH�SKRWR-
points were drawn onto the site maps to permit their relocation. 
Historical images are housed in the Fort Valley Archives and 
WKH�1DWLRQDO�$UFKLYHV�DQG�5HFRUGV�$GPLQLVWUDWLRQ��1$5$���
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Figure 1. Photo (top) and chart (bottom) of a quadrat (No. 30739) outside the exclosure at the Fry Park site in 1925. The photo 
was taken by C. K. Cooperrider (USFS photo 206647). The chart has been rotated 90 degrees so plants are in the same 
relative positions as in the photo. At the time of this mapping, the quadrat contained 13 species, including Muhlenbergia 
wrightii (indicated by ‘Dg’ on chart), Antennaria spp. (‘A’), and Sporobolus interruptus, (‘Bs’).
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Table 3. Examples of chart quadrat studies established in the early 20th century.

  Date  
Name Geographic Location Established Citation

Wallowa Mountains Northeastern Oregon 1907 Sampson 1914
Woolsey Plots Northern Arizona 1909 Pearson 1923
Hill Plots Northern Arizona 1912 Arnold 1950, Bakker and Moore 2007
Great Basin Experiment Station Wasatch Mountains, central Utah 1913 Sampson 1915, Prevedel and others 2005
Santa Rita Experimental Range Southeastern Arizona ca. 1915a Canfield 1957, McClaran and others 2003
Jornada Experimental Range Southern New Mexico 1915 Gibbens and Beck 1988, Yao and others 2006
Wild Bill Northern Arizona 1928 Cooperrider and Cassidy 1939
Hays Hays, Kansas 1932 Albertson and Tomanek 1965
Rodent Study Plots Northern and Northwestern Arizona 1924 Taylor and Loftfield 1924
Vegetation of NE Arizona Northeastern Arizona 1924 Hanson 1924
U.S. Sheep Experimental Station Southern Idaho 1930 West and others 1979

a Established by R. R. Hill (Canfield 1957).

Figure 2. Number of Hill plots sampled in each year between 1912 and 2007. 

6FDQQHG� LPDJHV� RI� PDQ\� SKRWRJUDSKV� DUH� DYDLODEOH� LQ� WKH�
86)6� 5RFN\� 0RXQWDLQ� 5HVHDUFK� 6WDWLRQ� ,PDJH� 'DWDEDVH�
(KWWS���ZZZ�UPUV�QDX�HGX�LPDJHGE�EFROOHFWLRQ�VKWPO��

(DUO\�VFLHQWLVWV�PDGH�SODQW�FROOHFWLRQV�D�SULRULW\��KXQGUHGV�
of specimens were obtained during the CNF range reconnais-
VDQFH� �%RGOH\�������0HPR�RQ�3ODQW� ,GHQWL¿FDWLRQ� IURP�:��
$�� 'D\WRQ� WR� -�� 7�� -DUGLQH�� ������ LQ� )RUW�9DOOH\�$UFKLYHV���
3ODQW� VDPSOHV�ZHUH� WDNHQ� IURP� WKH�+LOO� SORWV� EHWZHHQ������
DQG�������6SHFLPHQV�DUH�KRXVHG�LQ�QXPHURXV�KHUEDULD��H�J���
CNF, Northern Arizona University, Museum of Northern 
$UL]RQD�� $UL]RQD� 6WDWH� 8QLYHUVLW\�� 8QLYHUVLW\� RI� $UL]RQD��
'HVHUW�%RWDQLFDO�*DUGHQ��1DWLRQDO�+HUEDULXP�RI�WKH�86)6���
3ODQW�GDWDEDVH�SURMHFWV�DUH�LQFUHDVLQJO\�PDNLQJ�WKHVH�UHFRUGV�
available via the internet.

Threats

It has been almost a century since the Hill plots were es-
WDEOLVKHG�� DQG� WKH\� KDYH� QRW� VXUYLYHG� XQVFDWKHG�� 6LWHV� KDYH�
experienced prescribed burns and silvicultural treatments, 
and have been bisected by power lines, phone lines, and 
URDGV��7DEOH�����7ZR�VLWHV�DUH�ZLWKLQ�WKH�FXUUHQW�)ODJVWDII�FLW\�
limits. In addition, livestock no longer graze at several sites. 
However, there have also been surprising instances where sites 
DQG�TXDGUDWV�KDYH�VXUYLYHG�PDMRU�DFWLYLWLHV�VXFK�DV�WKH�EXLOG-
LQJ�RI�,QWHUVWDWH�����L�H���%ODFN�6SULQJV���PDMRU�IRUHVW�WKLQQLQJ�
SURMHFWV��L�H���%ODFN�6SULQJV�DQG�5RJHUV�/DNH���DQG�ODUJH�ZLOG-
¿UHV��L�H���5HHVH�7DQN�RQ�WKH�HGJH�RI�WKH�%HDU�-DZ�¿UH��
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Contemporary Research

In 2002, we rediscovered the historical vegetation data in 
WKH�)RUW�9DOOH\�$UFKLYHV�DQG�WKH�H[FORVXUHV�DQG�FKDUW�TXDG-
UDWV� LQ� WKH� ¿HOG��7KHVH� ROG� H[FORVXUHV�ZHUH� UHODWLYHO\� HDV\�
WR� ¿QG� VLQFH� ZH� KDG� VSHFL¿F� OHJDO� GHVFULSWLRQV� DQG� VRPH�
of the fences were maintained over the years. Most of the 
FKDUW�TXDGUDWV�ZHUH�UHORFDWHG�ZLWK�WKH�DLG�RI�D�PHWDO�GHWHFWRU��
6LQFH� WKHQ��ZH�KDYH�FRQGXFWHG�D�QXPEHU�RI�PHDVXUHPHQWV�
on these sites.

Figure 3. Repeat photograph series from the Fry Park site 
in 1923 (top), 1947 (middle), and 2005 (bottom). The 
1923 photo was taken by M. W. Talbot (USFS photo 
184084), the 1947 photo by K. W. Parker (USFS 
photo K-1144A), and the 2005 photo by J. D. Bakker.

9HJHWDWLRQ�RQ� WKH�FKDUW�TXDGUDWV�KDV�EHHQ�UHPDSSHG�DQ-
QXDOO\� IURP� ����� WR� ������ 2Q� VLWHV� ZKHUH� TXDGUDWV� ZHUH�
PLVVLQJ�� QHZ� TXDGUDWV� KDYH� EHHQ� HVWDEOLVKHG�� 7KH� FKDUW�
TXDGUDW�PDSV�KDYH�EHHQ�GLJLWL]HG�LQ�D�JHRJUDSKLFDO�LQIRUPD-
tion system to permit analyses of spatial dynamics and trends 
LQ�SODQW�FRYHU�DQG�DEXQGDQFH�RYHU�WLPH��*OHQGHQLQJ¶V������
line intercept transects were re-measured in 2004 (Bakker 
DQG�0RRUH��������0RVW�RI� WKH�KLVWRULFDO�SKRWRJUDSKV�ZHUH�
UHWDNHQ�EHWZHHQ������DQG�������H�J���)LJXUH����
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The overstory vegetation has been measured within all 
H[FORVXUHV�DQG�LQ�D����[����P�DUHD�DURXQG�HDFK�TXDGUDW�RXW-
side the exclosures. Measurements included tree species, 
diameter, height, spatial coordinates, and age (for a subset 
RI�WUHHV���7KH�FRQWHPSRUDU\�RYHUVWRU\�GDWD�SHUPLWV�WKH�DSSOL-
cation of stand reconstruction methods (Bakker and others,  
WKLV� SURFHHGLQJV�� WR� HVWLPDWH� VWDQG� G\QDPLFV� DQG� SHUPLW�
overstory-understory comparisons with historical data.

More recently, we have measured a variety of physical and 
FKHPLFDO�VRLO�SURSHUWLHV�IRU�HDFK�FKDUW�TXDGUDW��:H�DUH�DOVR�
TXDQWLI\LQJ�OLWWHU�GHFRPSRVLWLRQ�UDWHV�DQG�DQDO\]LQJ�WKH�UH-
lationships between the soil and plant community structure 
WR�GHWHUPLQH�KRZ�ORQJ�WHUP�YHJHWDWLRQ�FKDQJHV�KDYH� LQÀX-
enced ecosystem function.

Ecological Insights

Early work demonstrated that vegetation recovery may take 
GHFDGHV� IROORZLQJ� VHYHUH� OLYHVWRFN� JUD]LQJ� �0HUULFN� ������
7DOERW�DQG�+LOO��������$UQROG��������VKRZHG�WKDW�SRQGHURVD�
pine in-growth had reduced the abundance of the understory 
vegetation. More recent work demonstrated that this effect 
LV� VWLOO� HYLGHQW� WRGD\��DV�DUH� WKH�FRQVHTXHQFHV�RI�FRQWLQXHG�
livestock grazing in the early 1900s: current tree densities are 
twice as high inside than outside exclosures while basal area 
LV�����KLJKHU�LQVLGH�H[FORVXUHV��%DNNHU�DQG�0RRUH��������
6LQFH�SORW�HVWDEOLVKPHQW��XQGHUVWRU\�DEXQGDQFH�DQG�GLYHUVLW\�
have declined and plant species have responded differentially 
WR�JUD]LQJ�DQG�SLQH�LQ�JURZWK��%DNNHU��������(IIHFWV�RI�YHJ-
etation type and livestock grazing on diversity are expressed 
DW�GLIIHUHQW�VSDWLDO�VFDOHV��5XGHEXVFK��������$V�QRWHG�DERYH��
UHVHDUFK�LV�RQJRLQJ�RQ�WKHVH�VLWHV��5HVHDUFK�RQ�WKHVH�VLWHV�KDV�
DQVZHUHG� TXHVWLRQV� EH\RQG� WKRVH� RULJLQDOO\� SRVHG� E\�+LOO��
Who knows what insights they will provide in the future?
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The content of this paper reflects the views of the author(s), who are 
responsible for the facts and accuracy of the information presented 
herein.
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Introduction

As trees grow older and increase in size, annual ring width 
generally decreases along a cross-sectional radius, mostly 
because of the geometrical constraint to add new wood lay-
HUV� RYHU� DQ� H[SDQGLQJ� VXUIDFH� �&RRN� ������'RXJODVV� ������
)ULWWV��������,Q�VKDGH�LQWROHUDQW��RSHQ�JURZQ�WUHHV��WKLV�WUHQG�
GRPLQDWHV� WKH� WHPSRUDO� VHTXHQFH�RI� DQQXDO�ZRRG� IRUPDWLRQ�
throughout the life history of the tree (Helama and others 2005, 
+XVFK�DQG�RWKHUV��������,Q�VKDGH�WROHUDQW��IRUHVW�LQWHULRU�WUHHV�
this period of ring-width decline normally occurs after the tree 
has become dominant, and is commonly preceded by one or 
more periods of growth suppression and release while the tree 
occupies lower canopy levels (e.g., Canham 1990, Fraver and 
:KLWH�������3LRYHVDQ�DQG�RWKHUV��������5HJDUGOHVV�RI� WKHLU�
overall shape, such individual growth trends are associated 
with a change in the year-to-year ring-width variation, so that 
when ring widths are larger, their variability is larger as well 
�&RRN� DQG�3HWHUV� �������$�QXPEHU� RI�ZD\V� KDYH�EHHQ�SUR-
posed in the literature to remove growth variations in both 
PHDQ�DQG�YDULDQFH�WKDW�DUH�VSHFL¿F�WR�DQ�LQGLYLGXDO�WUHH��L�H��
to “standardize” ring-width series prior to combining them 
LQWR�D�PDVWHU�FKURQRORJ\��%LRQGL�������&RRN�DQG�.DLULXNVWLV�

Removing the Tree-Ring Width Biological Trend Using 
Expected Basal Area Increment

Franco Biondi, DendroLab, Department of Geography, University of Nevada, 
Reno, NV; and Fares Qeadan, Department of Mathematics and 
Statistics, University of Nevada, Reno, NV

Abstract—One of the main elements of dendrochronological standardization is the removal 
of the biological trend, i.e., the progressive decline of ring width along a cross-sectional ra-
dius that is mostly caused by the corresponding increase in stem diameter over time. A very 
common option for removing this biological trend is to fit a modified negative exponential 
curve to the ring-width measurements. Because this method has numerical and conceptual 
drawbacks, we propose an alternative way based on a simple assumption, namely that a 
constant basal area increment is distributed over a growing surface. We then derive a math-
ematical expression for the biological trend, which can be easily calculated and used for 
dendrochronological standardization. In turn, this “C-method” provides an empirical test of 
existing theories on life-long progression of tree basal area increment. The proposed meth-
od was applied to tree-ring records from ponderosa pines (Pinus ponderosa Douglas ex 
P.Lawson & C.Lawson) located at the G. A. Pearson Natural Area in northern Arizona, U.S.A. 
Master ring-index chronologies built with the C-method reproduced stand-wide patterns of 
tree growth, and are therefore preferable for ecological applications. Other advantages of the 
C-method are that it is theoretically derived, it is applicable to individual series, and it does 
not require fitting a growth curve using nonlinear regression.

������:DUUHQ� DQG�/HEODQF� �������0RVW� RI� WKHVH� WHFKQLTXHV�
UHTXLUH� WKH� HOLPLQDWLRQ� RI� WKH� ELRORJLFDO� WUHQG� E\� ¿WWLQJ� D�
FXUYH� WR� WKH� UDZ� ULQJ�ZLGWK�PHDVXUHPHQWV��5HFHQWO\��GHEDWH�
has focused on which standardization option should be used 
to retain climatic variability at long timescales, i.e., “low-fre-
TXHQF\´�PRGHV��H�J���%XQQ�DQG�RWKHUV�������(VSHU�DQG�RWKHUV�
������������+HODPD�DQG�RWKHUV�������0HOYLQ�DQG�RWKHUV�������
1DWLRQDO�5HVHDUFK�&RXQFLO��������,Q�IDFW��WKH�OHQJWK�RI�LQGL-
vidual ring-width series used to produce a master chronology 
�UDWKHU�WKDQ�WKH�OHQJWK�RI�WKH�FKURQRORJ\�LWVHOI��FDQ�GHWHUPLQH�
WKH� PD[LPXP� WLPHVFDOH� RI� UHWULHYDEOH� FOLPDWLF� ÀXFWXDWLRQV�
�&RRN� DQG� RWKHUV� �������$V� D� FRQWULEXWLRQ� WR� WKH� GHEDWH� RQ�
tree-ring standardization, we have focused on those methods 
WKDW�UHPRYH�WKH�ELRORJLFDO�WUHQG�E\�¿WWLQJ�D�PRGL¿HG�QHJDWLYH�
exponential function to individual ring-width series. This op-
tion is commonly implemented through the software program 
$567$1��&RRN�DQG�+ROPHV��������DQG�LV�ZLGHO\�DGRSWHG�LQ�
dendrochronological investigations under the loose term of 
³FRQVHUYDWLYH´�GHWUHQGLQJ��H�J���6DO]HU�DQG�.LSIPXHOOHU�������
9LOODOED�DQG�RWKHUV�������:RRGKRXVH�DQG�/XNDV��������,Q�WKLV�
paper we propose an alternative method, which is mathemati-
cally derived from the simple assumption of distributing a 
constant basal area increment over an expanding surface. By 
formally describing this process, a purely empirical approach 
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to tree-ring standardization is replaced with a theoretical one. 
An illustration of the method is provided using data from 
WKH�*��$��3HDUVRQ�1DWXUDO�$UHD��7KLV�DSSURDFK�WR�ULQJ�ZLGWK�
standardization can also be used to empirically test existing 
theories on expected patterns of basal area increment for indi-
vidual trees.

/QFGN�5RGEKğECVKQP

$� PDWKHPDWLFDO� UHSUHVHQWDWLRQ� RI� WKH� PRGL¿HG� QHJD-
tive exponential option for ring-width standardization is as 
follows:
 wt = ae-bt + k� ���
where wt is ring width at year t, a is ring-width at year zero 
(if k�LV�QHJOLJLEOH���b is the slope of the decrease in ring width 
�KHQFH��WKH�³FRQFDYLW\´�RI�WKH�FXUYH���DQG�k is the minimum 
ring width, which is asymptotically approximated for large 
values of t. When the estimated value of either a or b is 
QHJDWLYH�� D� OLQHDU� UHJUHVVLRQ� LV�¿W� WR� WKH�GDWD�� XVXDOO\�ZLWK�
VORSH������)ULWWV�DQG�RWKHUV�������&RRN�DQG�+ROPHV��������
+LVWRULFDOO\�� WKH� DV\PSWRWH� RI� WKH�PRGL¿HG� QHJDWLYH� H[SR-
QHQWLDO� HTXDWLRQ�ZDV� LQWURGXFHG� WR� DOORZ� IRU� WKH� UHODWLYHO\�
constant ring width of very old conifers in the Western United 
6WDWHV��)ULWWV�DQG�RWKHUV��������7KLV�PRGL¿FDWLRQ��KRZHYHU��
PDNHV� WKH�HTXDWLRQ�³RSHQ�IRUP´�EHFDXVH�¿WWLQJ� WKLV�PRGHO�
LV�HTXLYDOHQW� WR�HVWLPDWLQJ�D�QRQOLQHDU� UHJUHVVLRQ�HTXDWLRQ��
KHQFH�PRGHO�SDUDPHWHUV�DUH�FRPSXWHG�LWHUDWLYHO\��3UHVV�DQG�
RWKHUV� ������� 7KLV� LPSOLHV� WKDW� WKH� PHWKRG� LV� VHQVLWLYH� WR�
several choices made for estimation purposes. For instance, 
GHSHQGLQJ�RQ�WKH�WROHUDQFH�DVVLJQHG�IRU�WKH�JRRGQHVV�RI�¿W�
statistic, the starting values, the number of iterations allowed, 
and the resolution of the incremental changes made to the 
initial parameter values, different results can be obtained. 
,Q�RWKHU�ZRUGV��LQVWHDG�RI�¿WWLQJ�D�PRGL¿HG�QHJDWLYH�H[SR-
nential, a straight line could be selected simply because of 
QXPHULFDO�LQVWDELOLWLHV��IRU�DQ�H[DPSOH��VHH�)LJXUH��%���7KLV�
FDQ�KDYH�LPSRUWDQW�FRQVHTXHQFHV��HVSHFLDOO\�LI�WKH�HVWLPDWHG�
curve parameters are then used for drawing climatic or eco-
ORJLFDO�LQIHUHQFHV��DV�ZDV�GRQH�E\�+HODPD�DQG�RWKHUV�������

Even more relevant for tree-ring standardization is the 
SUHVHQFH� RI� DQ� DV\PSWRWH� LQ� HTXDWLRQ� ����� JLYHQ� LWV� LPSOL-
FDWLRQV� IRU� EDVDO� DUHD� LQFUHPHQW� �%$,��� ZKLFK� UHSUHVHQWV�
overall tree growth better than ring width (Husch and others 
������/H%ODQF�������9DOHQWLQH��������%HFDXVH�%$,�DW�\HDU�t 
LV�HTXLYDOHQW�WR�DQQXDO�ULQJ�DUHD��H�J���%LRQGL�������/H%ODQF�
������3KLSSV�DQG�:KLWRQ���������RQH�FDQ�ZULWH

 BAIt� �π Rt² - π R²t-1� ���

where Rt is the stem radius at the end of the annual increment, 
and Rt-1 is the stem radius at the beginning of the annual in-
FUHPHQW��)LJXUH�����&RQVLGHULQJ�WKDW�DQQXDO�ULQJ�ZLGWK��wt��
LV�HTXLYDOHQW�WR�WKH�DQQXDO�UDGLDO�LQFUHPHQW��wt� �Rt - Rt-1���LW�
follows that:
 BAIt� �π (wt² + 2 wt Rt-1�� ���

)URP�HTXDWLRQ�����RQH�FDQ�VHH�WKDW�WKH�DV\PSWRWH�RI�HTXD-
WLRQ�����FRUUHVSRQGV�WR�D�FRQVWDQW�LQFUHDVH�RI�%$,�RYHU�WLPH��
$OWKRXJK�VXFK�D�SDWWHUQ�FDQ�RFFDVLRQDOO\�EH�IRXQG��3KLSSV�
������� LW� LV� DW� RGGV� ZLWK� WKH�PDMRULW\� RI� REVHUYDWLRQV� DQG�
WKHRULHV� IRXQG� LQ� WKH� VFLHQWL¿F� OLWHUDWXUH�� )RUHVW� HFRORJLVWV�
have shown that BAI of dominant, healthy trees can rise 
for varying periods of time during their life, but even in the 
best growing conditions, BAI is bound to approach an as-
\PSWRWLF�OHYHO��'XFKHVQH�DQG�RWKHUV�������������(OYLU�DQG�
RWKHUV�������3HGHUVRQ�������3RDJH�DQG�7DSSHLQHU� ,,�������
9DOHQWLQH�DQG�0lNHOl��������

The biological trend of ring width can be estimated using 
a simple assumption, namely that a constant basal area incre-
ment is distributed over a growing surface over time. From 
HTXDWLRQ������WKLV�DVVXPSWLRQ�FDQ�EH�ZULWWHQ�DV

 wt
2 + 2wtRt-1 = c� ���

with c�EHLQJ�WKH�FRQVWDQW�%$,��,W�LV�HDVLO\�VKRZQ�WKDW�����LV�D�
TXDGUDWLF�HTXDWLRQ�LQ�WKH�YDULDEOH�wt, and that the only logical 
solution (given that wt �����LV�DV�IROORZV�

 wt= Rt-1+ Rt-12 + c � ���

Considering that Rt-1 is the sum of all ring widths from 
\HDU����WKH�SLWK�GDWH��WR�\HDU�t-1, one can write

 wt= wi
i=0

i= t-1

/d n
2

+ c- wi
i=0

i= t-1

/ � ���

For t� ���WKHUH�LV�\HW�QR�ULQJ�ZLGWK��KHQFH�DQ�H[SUHVVLRQ�RI�
the tree potential for growth can be derived from the previous 
HTXDWLRQ��DV�IROORZV�

 w0 = c � ���

8VLQJ�HTXDWLRQV�����DQG������LW�LV�VWUDLJKWIRUZDUG�WR�YHULI\�
that, for any time t, the expected ring width (Ewt ) when basal 
area increment remains constant is given by

 Ewt= c t+1] g- ct � ���

This relationship implies that the biological trend in ring-
width of mature trees can be removed by knowing the value 
of c, which, in turn, can be mathematically derived from 
HTXDWLRQ������ZLWK�WKH�IROORZLQJ�UHVXOW�

 

c=
2t+1- 2t 1+ t

1
Ewt] g2

� ���

For estimation purposes, one can then use

 = t=1,...,n
median

2t+1- 2t 1+ t
1

wt2

f p� ����
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with c
/
i� �HVWLPDWHG�FRQVWDQW�EDVDO�DUHD�IRU�WUHH�i, c

/
t� �HVWL-

mated constant basal area for year t, and n� �QXPEHU�RI�\HDUV�
LQ�WKH�ULQJ�ZLGWK�VHULHV��*LYHQ�LWV�QRWDWLRQ��WKLV�DSSURDFK�LV�
described as the “C-method” in the remainder of the article.

Application to Ponderosa 
Pines at the G. A. Pearson 

Natural Area

Tree-ring records from a long-term monitoring forest re-
search area in northern Arizona were used to illustrate the 
PRGHO��7DEOH����)LJXUH�����7KH�DUHD�LV�RFFXSLHG�E\�D�SRQGHUR-
sa pine (Pinus ponderosa�'RXJODV�H[�3�/DZVRQ�	�&�/DZVRQ��
ecosystem, which has been thoroughly studied in relation to 
impacts on forest vegetation of land use changes caused by 
Euro-American settlement (Biondi 1999, Covington and oth-
HUV�������0RRUH�DQG�RWKHUV��������7KLV�GDWDVHW�ZDV�VHOHFWHG�
because several increment cores either included the pith or 
came close to it, hence allowing for accurate ages to be as-
VLJQHG� WR� HDFK� ULQJ� �7DEOH� ���� )XUWKHUPRUH�� LW�ZDV� SRVVLEOH�

Figure 1. Schematic representation of a conifer cross section, 
modified from Fig. 2.3 of Fritts (1976). At each year, annual 
ring width (wt) is equal to the difference between the 
current tree radius (Rt) and the prior year radius (Rt-1).
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Figure 2. Time-series plots of ring-width measurements, sorted by first year, from wood increment cores 
taken at the G. A. Pearson Natural Area, Arizona, U.S.A. (see text for details). The vertical scale (not 
shown) was the same for all segments.

Ponderosa pines with DBH > 50 cm
Ponderosa pines with DBH < 50 cm



128 USDA Forest Service RMRS-P-55.  2008.

to make comparisons between young “blackjacks” (DBH 
�����FP���ZKRVH�[\OHP�ULQJV�IRUPHG�PRVWO\�GXULQJ�WKH���th 
FHQWXU\�� ZKHQ� ODFN� RI� ¿UH� DQG� VXFFHVVIXO� UHJHQHUDWLRQ� LQ-
creased the density of the stand, and old “yellow pines” (DBH 
!����FP���ZKRVH�DQQXDO�JURZWK�KDG�RFFXUUHG�XQGHU�ZLGHO\�GLI-
ferent conditions prior to Euro-American settlement (Biondi 
������0DVW�DQG�RWKHUV��������)LQDOO\��WKH�GDWDVHW�KDG�DOUHDG\�
been used to compare the outcome of various standardization 
methods, knowing what the overall growth trend in the for-
est had been over the 20th century because of repeated timber 
inventories that were conducted at the study area (Biondi and 
RWKHUV�������%LRQGL�������

5LQJ�ZLGWK� VHULHV� ZHUH� YLVXDOO\� FURVV�GDWHG�� PHDVXUHG�
with a resolution of 0.01 mm, and checked for errors using 
FRPSXWHU�DLGHG� WHFKQLTXHV� �*ULVVLQR�0D\HU� ������ +ROPHV�
�������3LQHV�ZLWK�'%+������FP�KDG�D�PXFK�ORZHU�QXPEHU�
of years between the innermost measured ring width and the 
VWHP�SLWK��7DEOH�����3LWK�ORFDWLRQ�ZDV�XVXDOO\�HDVLHU�WR�LGHQ-
tify in cores from these trees than in cores from pines with 
'%+�!����FP��%LRQGL��������7LPH�VHULHV�SORWV�RI�WKH�RULJLQDO�
PHDVXUHPHQWV��)LJXUH����VKRZHG�FOHDUO\�WKH�DJH�GLIIHUHQFH�
EHWZHHQ�WKH�WZR�JURXSV�RI�WUHHV��ZKLFK�ZDV�DOVR�UHÀHFWHG�LQ�
WKH�QXPEHU�RI� ORFDOO\�DEVHQW� ULQJV� �7DEOH�����2OG�³\HOORZ´�
pines had more than seven times the percentage of locally 
absent rings than young “blackjacks.”

The C-method was used to standardize the ponderosa pine 
ring width series after aligning them according to biological 
DJH��L�H���\HDUV�VLQFH�SLWK�IRUPDWLRQ���7KH�PHWKRG�ZDV�DSSOLHG�
to individual ring width series, and in each case the resulting 
FXUYH�GLG�QRW�QHHG�DGGLWLRQDO� VPRRWKLQJ��5LQJ� LQGLFHV�ZHUH�
obtained as ratios between the ring width measurements and 
their expected values, then indices were realigned according 
to calendar years, and the master chronology computed as ei-
ther the mean or the median of the indices by calendar year. 

&RPPRQ� SDWWHUQV� DPRQJ� LQGH[� WLPH� VHULHV� ZHUH� TXDQWL¿HG�
E\� SDLUZLVH� OLQHDU� FRUUHODWLRQ� FRHI¿FLHQWV� �:LJOH\� DQG� RWK-
HUV��������E\�SDLUZLVH�%DLOOLH�3LOFKHU¶V� t-values (Baillie and 
3LOFKHU� ������� DQG�E\� WKH�¿UVW� SULQFLSDO� FRPSRQHQW� �-ROOLIIH�
������IRU�WKH�����������SHULRG�FRPPRQ�WR�DOO�VDPSOHV�

There was little difference between computing chronolo-
gies either as the mean or the median of the indices for each 
\HDU�� KHQFH�RQO\� WKH� ODWWHU� LV� SORWWHG� LQ�)LJXUHV��� DQG����$�
greater amount of common variability was found in the 
ROGHU� SRQGHURVDV� WKDQ� LQ� WKH�\RXQJHU�RQHV�� ULQJ� LQGLFHV�RI�
pines with DBH > 50 cm had higher cross-dating statistics 
�7DEOH�����'HVSLWH�FKDQJHV�LQ�VDPSOH�GHSWK�IURP�����VDPSOHV�
per year in the early part of the chronologies to 58 samples 
per year in the most recent period, the C-method generated 
master chronologies with relatively stable variance over time 
�)LJXUHV���DQG����

Estimated constant basal area increment (c
/
i��7DEOH����ZDV�

about twice as large for pines with DBH > 50 cm as for those 
with DBH < 50 cm. This was most likely related to the over-
all slower decline in ring size with biological age seen in the 
older trees compared to the younger ones. In other words, 
the increasing stand density during the 20th century, which 
prompted drastic changes in individual growth rates (Biondi 
DQG�RWKHUV�������%LRQGL��������DOVR�FDXVHG�WKLV�GLIIHUHQFH�LQ�
C-method statistics between pre- and post-settlement trees.

From a comparison with other detrending options applied 
WR�WKH�VDPH�GDWDVHW��%LRQGL��������LW�ZDV�DOUHDG\�NQRZQ�WKDW�
applying ‘conservative’ standardization methods generated 
chronologies with trends that did not match those of repeat-
ed forest inventories. In this study, C-method chronologies 
shared the ability of ring-area chronologies to reproduce the 
stand-wide decline of tree growth during the 20th century 
�%LRQGL��������,Q�DGGLWLRQ��&�PHWKRG�FKURQRORJLHV�PLPLFNHG�

Figure 3. Tree-ring 
chronologies (Median 
Index) obtained using the 
C-method for ponderosa 
pines with DBH < 50 cm 
(lower panel), and 
ponderosa pines with  
DBH > 50 cm (upper 
panel). The number of 
samples per year (Obs.) 
is also shown (black 
line).
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Figure 4. Tree-ring chronologies (Median Index) for ponderosa pines with DBH < 50 cm (dashed lines), and 
ponderosa pines with DBH > 50 cm (solid lines) obtained using the C-method. The number of samples per 
year (Obs.) is also shown (black line).

Table 2. Statistics of standardized ring-width indices obtained from the division between the original 
measurements and the expected ring width from the C-method. The arithmetic average and the minimum-
to-maximum interval are shown for most parameters.

DBH      Pairwise Pairwise 1st PC c
/
i

(cm) Mean SD Min Max A1 r-value t-value % Var. (mm2 yr -1)

< 50 1.05 0.40 0.27 2.14 0.56 0.33 4.8 43 271
 0.96-1.29 0.22-0.86 0-0.57 1.35-3.94 0.09-0.87 -0.43 to 0.90 -0.1 to 28.3  75-713

> 50 1.08 0.55 0.08 3.12 0.68 0.47 9.9 63 563
 0.98-1.32 0.29-1.08 0-0.45 1.91-5.34 0.43-0.87 -0.48 to 0.92 1.9-37.9  225-1269

SD, A1 = see definitions under Table 1
1st PC % Var. = percentage of overall variance during the common period 1938-1987 explained by the first principal com-

ponent

c
/
i = estimated constant basal area increment for each ring-width series

the steeper decrease of annual increment found in large pines 
compared to small ones, so that while large pines were grow-
ing faster than small pines in the early 1900s, the opposite 
ZDV�WUXH�DW�WKH�HQG�RI�WKH�����V��)LJXUH�����7KLV�UHYHUVDO�LQ�
the order of individual growth rates was not so accurately 
reproduced even by the ring area method (see Figures 4 and 
��LQ�%LRQGL�������

7KH� &�PHWKRG� SHUIRUPDQFH� �7DEOH� ��� )LJXUHV� �� DQG� ���
provides support for its simple assumption, namely that the 
biological trend is mostly caused by the geometrical con-
straint to distribute a constant basal area increment over 
an expanding surface. The well-established pipe theory 
�9DOHQWLQH�������VXJJHVWV�WKDW�VDSZRRG�FURVV�VHFWLRQDO�DUHD�
averaged over the length of the bole approximates the sap-
wood area at the base of the crown (Valentine and Mäkelä 
�������&RQVLGHULQJ�WKDW�PRVW�ULQJ�ZLGWK�VHULHV�ZLWK�DQ\�FOL-
matic information come from mature, dominant trees (Fritts 
�������ZKLFK� KDYH� DOUHDG\� UHDFKHG� WKHLU�PD[LPXP�KHLJKW��
the assumption of constant annual basal area increment trans-
lates directly into a constant rate of wood accumulation. Basal 
area increment usually outperforms ring width for measuring 

overall tree growth, as it has been repeatedly shown with re-
JDUG�WR�WUHH�PRUWDOLW\��%LJOHU�DQG�%XJPDQQ�����������E��D��
%LJOHU�DQG�RWKHUV�����D��E��

The C-method, just like basal area increment computed 
IURP�ULQJ�ZLGWK�GDWD��UHTXLUHV�NQRZLQJ�WKH�ELRORJLFDO�DJH�RI�
each growth ring. However, both the C-method and the cal-
FXODWLRQ�RI�ULQJ�DUHD�FDQ�¿W� LQGLYLGXDO�ULQJ�ZLGWK�VHULHV��VR�
they are well suited for relatively small sample sizes (< 100 
VHULHV���$QRWKHU�DGYDQWDJH�RI�WKH�ULQJ�DUHD�DQG�&�PHWKRG�DS-
proaches is their numerical simplicity, since all computations 
FDQ�EH�GRQH� LQ� D� VSUHDGVKHHW�� DQG� WKHUH� LV� QR�QHHG� WR�¿W� D�
growth curve using nonlinear regression methods.

In any method based on biological ring age, it is risky 
to assume that the innermost ring is the closest one to the 
pith, especially when dealing with very old trees or irregular 
stems. As detrending methods based on the biological age of 
JURZWK�ULQJV�EHFRPH�PRUH�FRPPRQO\�XVHG��VSHFL¿F�PHWDGD-
ta on the difference between ring order and ring age will have 
to be included in archived and publicly available datasets.

While benchmarking dendrochronological standard-
ization methods against forest growth data is ecologically 
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sound, additional research should be aimed at comparing 
WKLV��DQG�RWKHU��PHWKRGV�RI�UHPRYLQJ�WKH�ELRORJLFDO�WUHQG�LQ�
terms of their ability to properly reconstruct climatic signals 
for a variety of biogeographic regions, ecosystems, and tree 
FRQGLWLRQV� �VSHFLHV�� DJH�� HWF���� )RU� LQVWDQFH�� LW� LV� SRVVLEOH�
that, when dealing with ring-width series from extremely 
old trees with irregular growth forms, from forest interior 
environments, from shade-tolerant species, and from relict 
or subfossil wood, the best standardization method would 
VLPSO\� EH� D� VPRRWKLQJ� DOJRULWKP�ZLWK� D� NQRZQ� IUHTXHQF\�
UHVSRQVH�� VXFK� DV� WKH� FXELF� VSOLQH� RSWLRQ� LQ� WKH�$567$1�
SDFNDJH� �&RRN� DQG�3HWHUV� ������&RRN� DQG�+ROPHV� �������
6WLOO��WKH�&�PHWKRG�DOUHDG\�SURYLGHV�D�VXSHULRU�DOWHUQDWLYH�LQ�
DOO�WKRVH�FDVHV�ZKHUH�¿WWLQJ�D�PRGL¿HG�QHJDWLYH�H[SRQHQWLDO�
FXUYH��RU�D�VWUDLJKW�OLQH��LV�XVHG�IRU�UHPRYLQJ�WKH�ELRORJLFDO�
growth trend from ring-width series.
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Introduction

Buckbrush (Ceanothus fendleri�*UD\��LV�D�QDWLYH�VKUXE�VSH-
cies, common in ponderosa pine (Pinus ponderosa Laws. var. 
scopulorum�(QJHOP���IRUHVWV�RI�QRUWKHUQ�$UL]RQD��$V�D�QLWUR-
JHQ�¿[HU��LWV�OHDYHV��VWHPV��DQG�ÀRZHUV�DUH�UHODWLYHO\�QXWULWLRXV��
which makes buckbrush a preferred browse plant for large un-
gulates such as mule deer (Odocoileus hemionus��DQG�5RFN\�
Mountain elk (Cervus elaphus���$OOHQ�������8UQHVV�DQG�RWKHUV�
�������,Q�VRPH�DUHDV��KHUELYRU\�RQ�EXFNEUXVK�FDQ�EH�VHYHUH�DQG�
FRQVWUDLQ�JURZWK��ÀRZHULQJ��DQG�VWHP�UHFUXLWPHQW� �+XIIPDQ�
DQG�0RRUH� ������� /DUJH� PDWXUH� EXFNEUXVK� SODQWV� W\SLFDOO\�
have stout woody stems and spines that discourage herbivory 
�.HDUQH\�DQG�3HHEOHV��������:KHUH�KHUELYRU\�LV�VHYHUH��KRZ-
ever, plants may remain small and have reduced structural 
defenses. In this study, we were interested in herbivore effects 
on buckbrush during the process of ponderosa pine forest resto-
UDWLRQ��6SHFL¿FDOO\��ZH�ZRQGHUHG�LI�SURWHFWLQJ�EXFNEUXVK�IURP�
large herbivores for a period of several years following forest 
thinning would allow plants to develop resistant morphologies. 
If this were true, we would expect few differences between 
FRQWURO�SODQWV��WKRVH�WKDW�UHPDLQHG�SURWHFWHG�IURP�KHUELYRUHV��
and exposed plants for which protection had been removed. 
&RQYHUVHO\�� LI�SODQWV�GLG�QRW�GHYHORS�DGHTXDWH�GHIHQVHV�GXU-
ing the protection period, exposing them to herbivores should 
result in measurable morphological differences compared with 

Characteristics of Buckbrush Shrubs Exposed to  
Herbivores after Seven Years of Protection

W. Walker Chancellor, David W. Huffman, Ecological Restoration Institute, 
Northern Arizona University, Flagstaff, AZ; and Margaret M. Moore, 
School of Forestry, Northern Arizona University, Flagstaff, AZ

Abstract—In dense ponderosa pine (Pinus ponderosa Laws.) forests of northern Arizona, 
forage limitations may lead to severe herbivory by large ungulates on certain plant species. 
In 1999, we fenced 76 buckbrush (Ceanothus fendleri Gray) shrubs to protect them from 
herbivores and study growth and reproduction in response to forest restoration treatments 
implemented on the Fort Valley Experimental Forest. After seven years, we removed fences 
from around half the plants and examined herbivore impacts on vegetative characteristics. In 
spring, and again in fall, we measured stem heights and took photographs of exposed shrubs 
and protected controls. In fall, we also collected stems to analyze size, biomass, and leaf 
area. Plants exposed to herbivores had significantly less leaf area and total leaf weight than 
protected control plants. Stem length, diameter, and weight were statistically similar between 
exposed and control groups. Results from this study suggest that temporary protection from 
herbivores during the early stages of forest restoration may enhance rates of development 
and persistence of native plants such as buckbrush.

controls. This research was designed to provide information 
that could be used by forest managers to anticipate outcomes 
DQG�UH¿QH�UHVWRUDWLRQ�SUHVFULSWLRQV�IRU�SRQGHURVD�SLQH�IRUHVWV�
of northern Arizona.

Methods

Study Design

We conducted our study on the Fort Valley Experimental 
Forest in Coconino County approximately 10 km northwest 
RI�)ODJVWDII��$=��,Q������������IRUHVW�XQLWV�RI�������KHFWDUHV�
in size were thinned as part of a larger ecological restoration 
H[SHULPHQW�FRQGXFWHG�DW� WKH�VLWH��VHH�)XOp�DQG�RWKHUV������
IRU�UHVWRUDWLRQ�SUHVFULSWLRQ�GHWDLOV���6RRQ�DIWHU�WKLQQLQJ��ZH�
ORFDWHG� ��� EXFNEUXVK� SODQWV� DQG� EXLOW� ³UDEELW�ZLUH´� H[FOR-
sures around them in order to protect the shrubs from large 
herbivores. Exclosures were 2 x 2 m in area and 1.4 m in 
height. In the center of these, we established circular sample 
plots, each with a radius of 56.4 cm (1 m2�LQ�DUHD���([FORVXUHV�
were left in place for seven years until 2006. In spring of 
������ZH�UDQGRPO\�VHOHFWHG�KDOI�RI�WKH�H[FORVXUHV��Q� �����
to remove. We counted stems on plots, collected stem height  
measurements, and took photographs of the buckbrush shrubs 
within plots at the time of exclosure removal.
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In October, one growing season after exclosures had been 
removed, we returned to the plots and again collected stem 
height measurements and took photographs. We also har-
YHVWHG� VWHPV� IRU� GHWDLOHG� ODERUDWRU\� DQDO\VLV�� 6WHPV� ZHUH�
systematically selected by harvesting the three closest to 
WKH� FHQWHU� RI� HDFK� SORW�� 6WHPV�ZHUH� VWRUHG� LQ� D� FRROHU� XQ-
til processed in the laboratory. For each harvested stem, we 
measured leaf area, stem length and diameter, and stem and 
OHDI�ELRPDVV��GU\�ZHLJKW��LQ�WKH�ODE��2QH�VLGHG�OHDI�DUHD�SHU�
stem was measured by removing all leaves, placing them on 
D�OLJKW�WDEOH��DQG�XVLQJ�D�YLGHR�SURMHFWLRQ�V\VWHP��$*9,6���
6WHP� OHQJWK�ZDV�PHDVXUHG� WR� WKH�QHDUHVW� FP�DQG�GLDPHWHU�
ZDV�PHDVXUHG�WR�WKH�QHDUHVW�PP�XVLQJ�D�GLJLWDO�FDOLSHU��6WHPV�
DQG�OHDYHV�ZHUH�GULHG�DW����ºC for 48 hours then weighed to 
determine biomass.

Data Analyses
To test for differences between protected controls and 

exposed plants, we used one-way analysis of variance 
�$129$���7KH� 6KDSLUR�:LON� DQG� /HYHQ¶V� WHVWV�ZHUH� XVHG�
to test for data normality and homogeneity of variance, 
UHVSHFWLYHO\��5DZ�GDWD�ZHUH� WUDQVIRUPHG�XVLQJ�QDWXUDO� ORJ-
arithm values when the above tests indicated that ANOVA 
DVVXPSWLRQV� KDG� QRW� EHHQ�PHW�� 6WDWLVWLFDO� GLIIHUHQFHV�ZHUH�
FRQVLGHUHG�VLJQL¿FDQW�DW�P��������

6SULQJ�SUHWUHDWPHQW�GLIIHUHQFHV�LQ�PHDQ�VWHP�QXPEHU�DQG�
height between control and exposed groups were tested and 
QR�VLJQL¿FDQW�GLIIHUHQFHV�ZHUH�IRXQG��)RU�ODWH�VXPPHU�SRVW�
treatment stem collections, parameters tested were mean leaf 
area per stem, leaf weight per stem, stem weight, stem length, 
and stem diameter. We also used simple linear regression  
(P���������WR�WHVW�UHODWLRQVKLSV�EHWZHHQ�VWHP�OHQJWK�DQG�OHDI�
ZHLJKW�SHU� VWHP��$OO� WHVWV�ZHUH�SHUIRUPHG�XVLQJ�6$6�-03�
Version 4.

Results
3ODQWV�H[SRVHG�WR�KHUELYRUHV�IRU�RQH�JURZLQJ�VHDVRQ�KDG�

VLJQL¿FDQWO\�OHVV�OHDI�DUHD�SHU�VWHP�DQG�WRWDO�OHDI�ZHLJKW�SHU�
VWHP� WKDQ�SURWHFWHG�FRQWURO�SODQWV� �7DEOH�����/HDI�DUHD�DQG�
leaf weight differed between control and exposed groups by 
a factor of four.

Table 1. Means (and standard errors) of buckbrush (Ceanothus fendleri) 
characteristics for protected control and exposed plants. P-values less than 
0.05 indicate statistically significant differences between control and exposed 
means.

Variable  Control Exposed P-value 

Leaf Area (cm2)  40.63 (1.19) 10.13 (1.21) < 0.001
Leaf Weight (g stem-1) 0.321 (1.21) 0.076 (1.22) < 0.001
Stem Weight (g) 0.836 (0.812) 0.829 (1.23) 0.9694
Stem Length (cm) 22.85 (1.09) 19.88 (1.10) 0.1743
Stem Diameter (mm) 2.90 (1.06) 2.91 (1.07) 0.9526

1R�VLJQL¿FDQW�GLIIHUHQFHV�LQ�VWHP�OHQJWK��VWHP�GLDPHWHU��
or stem weight were found between protected control and ex-
SRVHG�SODQWV��7DEOH�����

5HJUHVVLRQV� LQGLFDWHG� VLJQL¿FDQW� �P� �� ������� SRVLWLYH�
relationships between stem length and leaf weight per stem 
�)LJXUH�����7KLV�UHODWLRQVKLS�ZDV�VWURQJHU�IRU�SODQWV�SURWHFWHG�
from herbivores than those that had been exposed.

Discussion and Conclusions
5HVXOWV� IURP� WKLV� VWXG\� VXJJHVW� WKDW� VKRUW�WHUP� SURWHF-

tion during the early stages of forest restoration may allow 
buckbrush plants to develop characteristics that provide 
resistance to herbivory. For example, stem characteristics 
such as length, diameter, and weight were similar between 
protected control plants and those that were exposed for one 
JURZLQJ�VHDVRQ�DIWHU�VHYHQ�\HDUV�RI�SURWHFWLRQ��6LQFH�EXFN-
brush stems produce woody tissue and spines as they grow 
larger and older, protection for a number of years appears 
to allow these defensive structures to develop and increase 
this species’ resistance to herbivory by large animals such as 
5RFN\�0RXQWDLQ�HON��7KLV�FRQFOXVLRQ�LV�VXSSRUWHG�E\�HDUOLHU�
ZRUN�GRQH�E\�+XIIPDQ�DQG�0RRUH��������DW�WKH�)RUW�9DOOH\�
site, which showed that buckbrush plants protected from 
large herbivores for two years had stem lengths averaging 
more than two-times longer than those of plants that had nev-
er been protected. In addition, protected plants in Huffman 
DQG�0RRUH¶V��������VWXG\�KDG�ODUJHU�VWHP�GLDPHWHU�DQG�PRUH�
current-year biomass than unprotected plants. Intensive use 
appeared to create a positive feedback loop by keeping buck-
brush plants in a reduced form with few mechanisms to deter 
further herbivory. In our study, seven years may have been 
a long enough period of protection to allow defensive struc-
tures to develop. However, because we examined buckbrush 
characteristics only one year after protection was removed, it 
is not clear whether these plants will remain resistant if her-
ELYRUH�SUHVVXUH�FRQWLQXHV�WR�EH�KLJK�LQ�WKH�IXWXUH��6LPLODUO\��
for other species without defensive structures, longer term 
SURWHFWLRQ�PD\�EH�QHHGHG��6KHSSHUG�DQG�)DLUZHDWKHU�������

Although stem size and weight were similar between pro-
tected and exposed plants, we found large differences in leaf 
area and leaf weight between the two treatment groups. Total 
dry weight of leaves on individual stems may be predicted 
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IURP�VWHP� OHQJWK�DQG� WKH�HTXDWLRQV�SUHVHQWHG� LQ� WKLV� VWXG\�
may be used by managers to determine forage availability 
and for monitoring. This relationship was weaker for stems 
defoliated as a result of exposure to herbivory. Defoliation 
may lead to a variety of plant responses both detrimental as 
ZHOO�DV�EHQH¿FLDO�WR�SHUVLVWHQFH�RI�SRSXODWLRQV��0DVFKLQVNL�
DQG�:KLWKDP��������KRZHYHU��ZH�GLG�QRW�DWWHPSW�WR�DVVHVV�
such effects in our study. More work is needed to determine 
the effects of short-term, intensive losses of buckbrush leaf 
DUHD�RQ�SURFHVVHV�VXFK�DV�ÀRZHULQJ�DQG�YLDEOH�VHHG�SURGXF-
tion. The data presented in this study suggest that treatments 
to restore northern Arizona ponderosa pine forests should in-
clude temporary methods to decrease herbivory in order to 
help conserve populations of native plants.
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Introduction

Climate and vegetation studies have been conducted on 
WKH�6DQ�)UDQFLVFR�3HDNV�RI�QRUWKHUQ�$UL]RQD�VLQFH� WKH� ODWH�
����V� �0DLHQVFKHLQ� ������� &�� +DUW� 0HUULDP� GHYHORSHG�
his pioneering life-zones concept here because of the wide 
range of climate and vegetation types in close proximity to 
RQH�DQRWKHU��0HUULDP��������,Q�������'DQLHO�7��0DF'RXJDO��
a physiological ecologist (most famous for his desert ecol-
RJ\�VWXGLHV�DW� WKH�'HVHUW�/DERUDWRU\��&DUQHJLH� ,QVWLWXWLRQ���
conducted a lesser known, but important study on the effects 
RI� WHPSHUDWXUH� LQYHUVLRQV� RQ�SODQW� GLVWULEXWLRQV� RI� WKH�6DQ�
)UDQFLVFR�3HDNV�DQG�)ODJVWDII�DUHD��0DF'RXJDO��������������
7KLV�ODWWHU�SURMHFW�ZDV�VSRQVRUHG�E\�WKH�86'$�WR�LQYHVWLJDWH�
the potential for agriculture in the region. These early climate 
DQG�YHJHWDWLRQ�VWXGLHV�SURPSWHG�WKH�)RUHVW�6HUYLFH�WR�EHJLQ�
DQ� LQYHVWLJDWLRQ�� NQRZQ� DV� ³7KH� 6WXG\� RI� )RUHVW� 7\SHV�´�
to determine the factors that controlled and limited forest 
W\SHV��3HDUVRQ�����D��=RQ��������5DSKDHO�=RQ��8�6��)RUHVW�
6HUYLFH�&KLHI� RI� 6LOYLFV� LQ� ����� DQG� ODWHU� &KLHI� RI� )RUHVW�
Investigations, noted that climate was not the only factor that 
determined vegetation type but that soil type, soil moisture 
DQG�WRSRJUDSK\�SOD\HG�D�ODUJH�UROH��=RQ��������+H�HQFRXU-
DJHG�*�$���*XV��3HDUVRQ�WR�LQLWLDWH�D�IRUHVW�W\SH�VWXG\�DW�WKH�
QHZO\�IRUPHG�)RUW�9DOOH\�([SHULPHQWDO�)RUHVW��)9()��

Revisiting Pearson’s Climate and Forest Type Studies on the 
Fort Valley Experimental Forest

Joseph E. Crouse, Ecological Restoration Institute (ERI), Northern Arizona 
University, Flagstaff, AZ; Margaret M. Moore, School of Forestry, 
Northern Arizona University, Flagstaff, AZ; and Peter Z. Fulé, ERI and 
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Abstract—Five weather station sites were established in 1916 by Fort Valley personnel along 
an elevational gradient from the Experimental Station to near the top of the San Francisco 
Peaks to investigate the factors that controlled and limited forest types. The stations were 
located in the ponderosa pine, Douglas-fir, limber pine, Engelmann spruce, and Engelmann 
spruce/ bristlecone pine (“timberline”) forest types. Climatological and phenological data 
were collected at one or more of these sites weekly from 1916 through 1920. Soil samples 
were taken monthly during the growing season at all sites in 1918. Experimental plantings 
were conducted at some of these sites to determine the ability of species to survive outside 
their normal growing conditions. Recent field reconnaissance at Campbell’s Camp located 
fence posts and steel corner pipes associated with the seedling experimental area. The histori-
cal weather stations and nearby tree plantations were an important contribution to the new 
science of ecology in the early twentieth century and they may be an important resource for 
helping scientists understand climate change today.

Fort Valley Studies

6RRQ�DIWHU�WKH�FUHDWLRQ�RI�WKH�)9()�LQ�������3HDUVRQ�LQLWL-
DWHG�D�VWXG\�WR�GHWHUPLQH�WKH�LQÀXHQFH�RI�PLFURFOLPDWH�DQG�
IRUHVW�FRYHU�RQ�SRQGHURVD�SLQH�UHJHQHUDWLRQ��3HDUVRQ��������
He established six weather stations in the immediate vicinity 
RI�WKH�KHDGTXDUWHUV��DORQJ�D�OLQH�IURP�WKH�SRQGHURVD�SLQH�IRU-
HVW�RQ�WKH�ZHVW�VLGH�RI�)9()�KHDGTXDUWHUV�EXLOGLQJV��DFURVV�
D� ODUJH�JUDVVODQG��)RUW�9DOOH\�3DUN��)LJXUH�����DQG� LQWR� WKH�
IRUHVW�RQ�WKH�HDVW�VLGH�RI�WKH�KHDGTXDUWHUV��)URP������������
3HDUVRQ�WRRN�GDLO\�UHDGLQJV�RI�WHPSHUDWXUH��SUHFLSLWDWLRQ��KX-
midity, and wind movement at three of the stations (stations 
����� DQG�RQO\� WHPSHUDWXUH� DW� WKH�RWKHU� WKUHH� �VWDWLRQV�������
and eventually related these data to pine seedling establish-
PHQW��VXUYLYDO��DQG�JURZWK��3HDUVRQ�������

%HJLQQLQJ�LQ�������3HDUVRQ�EHJDQ�D�VHFRQG�VWXG\�WR� LQ-
vestigate the physical factors that controlled and limited 
IRUHVW�W\SHV�RQ�WKH�6DQ�)UDQFLVFR�3HDNV�DQG�LQ�WKH�6RXWKZHVW�
�3HDUVRQ� ����D� ����E�� ������ �������7KDW� \HDU�� D� VHULHV� RI�
weather stations were established by FVEF personnel along 
WKH�VRXWKZHVW�VKRXOGHU�RI�$JDVVL]�3HDN��)LJXUH�����7KHVH�¿YH�
station sites were located within each of the vegetation types 
IRXQG�RQ�WKH�3HDNV�EHJLQQLQJ�ZLWK�WKH�SRQGHURVD�SLQH�W\SH�
DQG�PRYLQJ�XS�LQ�HOHYDWLRQ�LQWR�WKH�'RXJODV�¿U�W\SH��WKH�OLP-
EHU�SLQH�W\SH��WKH�VSUXFH�¿U�W\SH�DQG��¿QDOO\��ZKDW�3HDUVRQ�
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called the timberline type1. The ponderosa and Douglas-
¿U� VLWHV� HDFK� KDG� WKUHH� LQGLYLGXDO�ZHDWKHU� VWDWLRQV� DQG� WKH�
VSUXFH�¿U�DQG�WLPEHUOLQH�VLWHV�HDFK�KDG�WZR�ZHDWKHU�VWDWLRQV��
Multiple stations at these sites allowed microsite temperature 
and precipitation variations to be investigated. 

7KHVH�ZHDWKHU�VWDWLRQV�RQ�WKH�3HDNV�ZHUH�YLVLWHG�ZHHNO\�
RU� VHPL�ZHHNO\� IURP������ WKURXJK������ IRU� WKH� FROOHFWLRQ�
RI�PHWHRURORJLFDO�GDWD��3HDUVRQ�����D��E���DQ�DPD]LQJ�IDFW�
FRQVLGHULQJ�D�FOLPE�RI�RYHU�������IHHW�ZDV�UHTXLUHG�WR�YLVLW�
the highest station. Under the best of conditions this would 
KDYH�EHHQ�D�GLI¿FXOW�XQGHUWDNLQJ��EXW�FRQVLGHULQJ� WKLV� WDVN�
was accomplished even during the winter months makes it 
HYHQ�PRUH�LPSUHVVLYH��)LJXUHV���DQG����

In addition to the climatological records, detailed phe-
nological records and seedling experiments were conducted 
at the weather station sites to determine the survivability of 
individual tree species outside of their normal growing con-
GLWLRQV�� 7KHVH� SODQWLQJ� H[SHULPHQWV� ZHUH� VWDUWHG� LQ� �����
�3HDUVRQ�������EXW�VHHGOLQJV�ZHUH�SODQWHG�DW�WKH�'RXJODV�¿U�
VLWH�LQ������DQG�PDSSHG�LQ�������)LJXUH����SHUKDSV�ZLWK�WKH�
knowledge that the weather stations might be established at 
D�ODWHU�GDWH��)XQGLQJ�VKRUWDJHV�DQG��ODWHU��)RUHVW�6HUYLFH�SHU-
VRQQHO�FDOOHG�WR�GXW\�GXULQJ�:RUOG�:DU�,��IRUFHG�3HDUVRQ�WR�
conduct his research as resources allowed.

Figure 1. Weather station in Fort Valley park adjacent to the Experimental Forest 
headquarters. USFS photo 91883 by Max H. Foerster in 1911.

Tree seeds were both collected and germinated at Forest 
6HUYLFH�QXUVHULHV�LQ�WKH�6RXWKZHVW��7KHQ��WKH�VHHGOLQJV�ZHUH�
WUDQVSODQWHG� WR� WKH�ZHDWKHU� VWDWLRQ� ORFDWLRQV� RQ� WKH� 3HDNV��
7KH� 'RXJODV�¿U� VLWH� VHHGOLQJ� H[SHULPHQWV� ZHUH� FDUHIXOO\�
mapped and seedling survival was monitored for several 
\HDUV� �)LJXUH�����7KLV�PDS�VKRZV�'RXJODV�¿U�VSHFLHV� IURP�
WKUHH�GLIIHUHQW�QXUVHULHV�DQG�SRQGHURVD�SLQH�IURP�¿YH�QXUVHU-
ies that were planted. Austrian pine and Norway spruce were 
DOVR� SODQWHG�� 6HHGOLQJ� VXUYLYDO� DSSHDUV� WR� EH� PL[HG� LQ� DQ�
HDUO\�SKRWRJUDSK�IURP�WKH�VLWH��)LJXUH�����$FFRUGLQJ�WR�WKH�
photo caption, sheep are to blame for the browsing damage 
to the seedlings.

3HUPDQHQW�VWUXFWXUHV�ZHUH�FRQVWUXFWHG�RQ�DW�OHDVW�WZR�RI�
WKH�VLWHV��WKH�'RXJODV�¿U�DQG�WKH�VSUXFH�¿U�VLWHV��7KH�'RXJODV�
¿U�VLWH�ZDV�NQRZQ�DV�&DPSEHOO¶V�&DPS�DQG�LV�VKRZQ�RQ�DQ�
HDUO\�)RUHVW�6HUYLFH�PDS�DV�EHLQJ�WKH�ORFDWLRQ�RI�WKH�)ULVFR�
5DQJHU�6WDWLRQ��)LJXUH�����7KH�FDELQ�DW�&DPSEHOO¶V�&DPS�LV�
VKRZQ�LQ�)LJXUH����7KH�6SUXFH�&DELQ��ORFDWHG�DW�WKH�VSUXFH�
¿U�ZHDWKHU�VLWH��)LJXUH�����ZRXOG�KDYH�SURYLGHG�D�ZHOFRPH�
refuge from freezing winter weather even though, at times, it 
ZDV�QHDUO\�FRYHUHG�LQ�VQRZ��)LJXUH�����

A reconnaissance by the authors to the ponderosa pine 
�QHDU� )9()� KHDGTXDUWHUV�� DQG� 'RXJODV�¿U� �&DPSEHOO¶V�
&DPS��VLWHV�ZDV�FRQGXFWHG�LQ�WKH�IDOO�RI�������1R�HYLGHQFH�
of the ponderosa pine weather station structures was found. 
$� VLQJOH�'RXJODV�¿U�� IURP� WKH� VHHGOLQJ� H[SHULPHQW�� LV� VWLOO�
DOLYH��6XUSULVLQJO\� OLWWOH� LV� OHIW� WR� LQGLFDWH�DOO� WKH�ZRUN� WKDW�
was done at the site. There is considerably more evidence at 
WKH�'RXJODV�¿U�VLWH��:KLOH�QHLWKHU�RI�WKH�ZHDWKHU�VWDWLRQV�RU�
even the cabin foundation were found, the seedling experi-
ment area was easily located. The fence posts delineating it 
DUH�VWLOO�VWDQGLQJ�DQG�ELWV�RI�ZLUH�IHQFH�OLQH�H[LVW��)LJXUH������
*DOYDQL]HG� SLSHV�� VSDFHG� RQH� FKDLQ� ���� IHHW�� DSDUW�� ZHUH�

1 In Pearson’s “Factors controlling the distribution of forest 
types” articles (1920a, 1920b), he also describes the 
climate and soils for the desert-grassland and pinyon-
juniper forest types, yet these records were obtained by 
U.S. Weather Bureau (Kingman, Williams, Flagstaff, and 
Winslow) or Forest Service (Ash Fork) or Park Service 
(Walnut Canyon) personnel.
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Figure 2. The San Francisco Peaks as seen from the southwestern edge of Fort Valley. USFS photo 89770 by G. 
A. Pearson in 1918.

Figure 3. Timberline on Agassiz Peak, 1918. Snow is 6-8 feet 
deep. Timberline weather station site is nearby. USFS photo 
41427A.

located. It appeared that very few, if any, of the ponderosa 
pine seedlings survived and, not surprisingly, no Norway 
VSUXFH�RU�$XVWULDQ�SLQH�ZHUH� HYLGHQW��6XUYLYDO�RI� WKH�SRQ-
derosa pine seedlings was likely limited by the dense aspen 
RYHUVWRU\��)LJXUH������$�FRQVLGHUDEOH�QXPEHU�RI�'RXJODV�¿U�
are located within the seedling experiment. A handful of these 
were cored and the rings counted on-site. These appeared 
to be the correct age for trees that were planted by Forest 
6HUYLFH�SHUVRQQHO�LQ�������WKH�WLPH�RI�WKH�HVWDEOLVKPHQW�RI�
the seedling experiment.

Summary

'DWD�IURP�WKH�6DQ�)UDQFLVFR�ZHDWKHU�VWDWLRQV�HVWDEOLVKHG�
E\�*��$��3HDUVRQ�DQG�)RUW�9DOOH\�([SHULPHQW�)RUHVW�SHUVRQ-
nel gave southwestern foresters a better understanding of 
growing conditions needed for particular tree species, and 
IDFWRUV� WKDW� OLPLW� WKHLU� GLVWULEXWLRQ�� 6RPH� RI� WKH� IDFWRUV� KH�
determined to be of the greatest importance were that the up-
SHU� HOHYDWLRQDO� OLPLWV� IRU� YHJHWDWLRQ� DUH� ODUJHO\� GH¿QHG� E\�
low temperatures and that the lower elevational limits are de-
termined by soil moisture rather than by high temperatures. 
These original weather station and transplant experiment 
sites have the potential to continue to be a valuable resource 
IRU�FOLPDWH�FKDQJH�UHVHDUFK�LQ�WKH�6RXWKZHVW��
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Figure 4. Forest Assistant Lenthall Wyman 
traveling to weather station sites, 
1917. USFS photo 31951 by G. A. 
Pearson.

This type of long-term dataset allows researchers to in-
YHVWLJDWH� QHDUO\� D� FHQWXU\� RI� FKDQJHV�� 6WXGLHV� VXFK� DV� WKH�
³:RROVH\�3URMHFW´��0RRUH�DQG�RWKHUV�������KDYH�XVHG�VLPL-
ODU�GDWDVHWV��DOVR�DWWULEXWDEOH�WR�3HDUVRQ��WR�DQDO\]H�FKDQJHV�
LQ�SRQGHURVD�SLQH�LQ�WKH�6RXWKZHVW�
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Figure 5. Seedling experiment located near the Douglas-fir weather station site; plantings were in 1912 and map was made in 
1914. USFS Fort Valley Experimental Forest archives.
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Figure 6. Hermann Krauch at seedling experiment at Campbell’s Camp, 1925. USFS photo 205397 by G. A. Pearson. 
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Figure 7. USFS map showing location of Frisco Ranger Station (upper right) (Campbell’s Camp) relative to the Fort 
Valley Experimental Forest.
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Figure 8. Cabin at Campbell’s 
Camp, 1911. USFS photo 
83932 G. A. Pearson.

Figure 9. Spruce Cabin located at 
the spruce-fir weather station 
site, 1917-1919. USFS photo 
41429A by G. A. Pearson.
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Figure 10. Spruce Cabin, ~1919. 
USFS photo 43839A by G. A. 
Pearson.

Figure 11. Fence posts at 
Campbell’s Camp located 
during September 2007 
reconnaissance. P. Z. Fulé, 
photographer.
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Figure 12. Ponderosa pine seedling 
planted underneath canopy 
of aspen at Campbell’s Camp 
experimental planting site, 1929. 
USFS photo 239922 by G. A. 
Pearson.

The content of this paper reflects the views of the author(s), who are 
responsible for the facts and accuracy of the information presented 
herein.
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In: 2OEHUGLQJ��6XVDQ�'���DQG�0RRUH��0DUJDUHW�0���WHFK�FRRUGV��������)RUW�9DOOH\�([SHULPHQWDO�)RUHVW²$�&HQWXU\�RI�5HVHDUFK������������
3URFHHGLQJV�5056�3�����)RUW�&ROOLQV��&2��8�6��'HSDUWPHQW�RI�$JULFXOWXUH��)RUHVW�6HUYLFH��5RFN\�0RXQWDLQ�5HVHDUFK�6WDWLRQ������S�

Introduction

,Q������� WKH�)RUW�9DOOH\�([SHULPHQW�)RUHVW� �)9()��ZDV�
established with a primary purpose of solving forest manage-
PHQW�SUREOHPV�LQ�WKH�6RXWKZHVW��3HDUVRQ��������2QH�LVVXH�
of particular importance was how to manage densely stocked 
young stands of ponderosa pine (Pinus ponderosa Laws. var. 
scopulorum (QJHOP����ZKLFK�ZHUH�QXPHURXV�WKURXJKRXW�WKH�
6RXWKZHVW�E\�WKH�HDUO\�����V��7KLV�SURPSWHG�*��$��3HDUVRQ��
'LUHFWRU�RI� WKH�6WDWLRQ�� WR� LQLWLDWH� WKH�¿UVW� WKLQQLQJ�H[SHUL-
PHQWV�LQ�WKH�6RXWKZHVW�

%HWZHHQ� ����� DQG� ������ D� VHULHV� RI� VHYHQ� IRUHVW� WKLQ-
ning sites were established in second growth ponderosa pine 
VWDQGV�LQ�$UL]RQD�DQG�1HZ�0H[LFR��*DLQHV�DQG�.RWRN��������
7KH�REMHFWLYHV�RI�WKHVH�RULJLQDO�WKLQQLQJ�ZHUH�WR�����FRQYHUW�
an essentially even-aged stand of second-growth ponderosa 
pine to a more uneven-aged structure through periodic par-
WLDO�FXWWLQJV��RIWHQ�UHIHUUHG�WR�DV�FURS�WUHH�WKLQQLQJV��.UDXFK�
������� ��� VKRUWHQ� WKH� URWDWLRQ� SHULRG� UHTXLUHG� WR� SURGXFH�
FURS� WUHHV� RI� VDZORJ� VL]H�� DQG� ��� GHWHUPLQH� WKH� YROXPH�RI�
wood that could be periodically harvested in both thinned and 
unthinned stands. The crop tree method involved selecting 
60 to 120 trees per acre as crop trees. If a designated crop 
tree held a dominant position in the canopy, then little to no 

Early Thinning Experiments Established by the Fort Valley 
Experimental Forest

Benjamin P. De Blois, School of Forestry, Northern Arizona University, 
Flagstaff, AZ; Alex. J. Finkral, School of Forestry, Northern Arizona 
University, Flagstaff, AZ; Andrew J. Sánchez Meador, USFS, Forest 
Management Service Center, Fort Collins, CO; and Margaret M. 
Moore, School of Forestry, Northern Arizona University, Flagstaff, AZ

Abstract—Between 1925 and 1936, the Fort Valley Experimental Forest (FVEF) scientists 
initiated a study to examine a series of forest thinning experiments in second growth pon-
derosa pine stands in Arizona and New Mexico. These early thinning plots furnished much 
of the early background for the development of methods used in forest management in the 
Southwest. The plots ranged from 0.1 ac to 5 ac (0.04 ha to 2.02 ha) in size and many of the 
thinning plots and control plots were remeasured at 2- to 10-year intervals until the 1940s. 
The first thinning plots in the Southwest, called the White Spar plots, were established in 
1925 on the Prescott National Forest. The residual trees on the thinned White Spar plots 
maintained higher growth rates than the control until the mid 1970s. The results from these 
early stand thinning experiments led G. A. Pearson, Director of FVEF, and others to largely 
abandon uniform thinning treatments and adopt the crop-tree thinning method as an im-
proved method for thinning southwestern ponderosa pine stands.

release was prescribed. If the crop tree did not hold a domi-
nant position in the canopy, then the crown was freed on at 
OHDVW�WKUHH�VLGHV��*DLQHV�DQG�.RWRN��������,Q�WKLV�SDSHU��ZH�
list the location, size, and establishment date for all of the 
original thinning studies established by the FVEF between 
�����������DQG�ZH�GHVFULEH�WKH�HDUOLHVW�WKLQQLQJ�VWXG\�VLWH��
WKH�:KLWH�6SDU�VLWH��LQ�GHWDLO�

Study Sites

6WDQG� WKLQQLQJ� SORWV� ZHUH� ORFDWHG� LQ� D� YDULHW\� RI� ORFD-
tions and stand conditions, with the unifying factor being 
an overstory dominated by naturally regenerated ponderosa 
pine. Table 1 provides an overview of each study site. The 
majority of the plots was located in pole-sized stands of pon-
derosa pine of various ages while the Decker Wash and Corey 
3DVWXUH�SORWV�ZHUH�HVWDEOLVKHG�LQ�VWDQGV�RI�VDSOLQJ�VL]HG�SRQ-
GHURVD�SLQH��������\HDUV�ROG��WKDW�HVWDEOLVKHG�LQ�������*DLQHV�
DQG�.RWRN�������

7KH�:KLWH�6SDU�SORWV�ZHUH�WKH�HDUOLHVW�SORWV�HVWDEOLVKHG��
and are the only ones that have been re-measured since the 
ODWH�����V��7KHVH�SORWV�DUH�ORFDWHG�RQ�WKH�3UHVFRWW�1DWLRQDO�
Forest in central Arizona. The plots are located at an elevation 
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RI������� IW� �������P��DQG� UHFHLYH�DSSUR[LPDWHO\���� LQFKHV�
����FP��RI�SUHFLSLWDWLRQ�SHU�\HDU��)RJDUW\�DQG�6WDXGHQPDLHU�
�������7KH�VRLOV�DUH�GHULYHG�IURP�JUDQLWH�DQG�DUH�IDLUO\�VKDO-
ORZ��3HDUVRQ�������

Methods

Upon plot establishment, trees were tagged and their 
height and diameter at breast height were measured and 
recorded. After each thinning treatment, plots were re-mea-
sured at 2 to10-year intervals up until the late 1940s. The 
:KLWH�6SDU�VLWH�FRQVLVWHG�RI�WZR�FRQWURO�SORWV��SORWV�%�DQG�'��
and one treated plot, plot A.

7R� UHPHDVXUH� WKH�:KLWH� 6SDU� SORWV�� ZH� XVHG� WKH� VDPH�
survey and inventory methods that were used at plot es-
tablishment in 1925. Measurements were taken in English 
units and later converted into metric units. The original plot 
corners were destroyed, so we relocated trees with histori-
cal tags and then reestablished a plot perimeter that captured 
all tagged trees. If the original tree tag still existed, we mea-
sured the diameter at the location of the original nail and tag. 
Otherwise, diameters were measured to the nearest tenth of 
DQ�LQFK�DW�EUHDVW�KHLJKW������IW�RU������P�DERYH�JURXQG��XVLQJ�
a diameter tape. All living trees, which were left as the result 
of thinning in 1925, were cored to determine age and decadal 
growth rates from 1925-2005.

Increment core samples were mounted, sanded, and cross-
dated with a tree ring chronology from a research site near 
*UDQLWH� 0RXQWDLQ� RQ� WKH� 3UHVFRWW� 1DWLRQDO� )RUHVW� �3,32�
,75'%�$=�����12$$��������$IWHU�FURVVGDWLQJ�PDQ\�FRUHV��
ZH�DGDSWHG�WKH�*UDQLWH�0RXQWDLQ�FKURQRORJ\�GDWD�DQG�FUH-
DWHG�D� FKURQRORJ\� OLVW� IRU� WKH�:KLWH�6SDU�SORWV��$IWHU� HDFK�

Table 1. Overview of each series of experimental sites and plots established in the Southwest between 1925-1936 
(information from Gaines and Kotok 1954).

 Site Number Acreage (ac) Establishment  Last Historical  Elevation (ft)
Forest Name of Plots (ha) Date Re-measurement (m)

Apache Sitgreaves Decker Wash 5 0.12 to 0.14 1926 1948 7,000
   (0.12 to 0.05)   (2,133)
Coconino Ft. Valley- Ranger 7 0.04 to 0.15 1927 1946 7,600
   (0.02 to 0.06)   (2,316)
 Ft. Valley- Sec. 19 8 0.27-0.50 1936 1947 7,600
   (0.11 to 0.20)   (2,316)
 Ft. Valley- Corey Pasture 4 0.12 1934 1947 7,350
   (0.05)   (2,240)
Gila Redstone 16 0.1-0.25 1933 1948 7,300
   (0.04 to 0.10)   (2,225)
Prescott Copper Basin 3 0.6 1933 1948 6,400
   (0.24)   (1,951)
 White Spar-A 4 0.24-4.2 1925 1946 5,500
   (0.10 to 1.70)   (1,676)

core was crossdated and inspected, radial decadal growth 
increments were measured.

7R�TXDQWLI\�UDGLDO�JURZWK��ZH�FRQYHUWHG�WKH�UDGLDO�JURZWK�
�IURP�SLWK�WR�ODVW�WUHH�ULQJ��PHDVXUHPHQWV�LQWR����\HDU�EDVDO�
DUHD� LQFUHPHQWV� �%$,���$�%$,� LV� D�PHDVXUH�RI� WUHH�JURZWK�
over a given period of time. This conversion was performed 
to account for the fact that distance between growth rings 
may decrease as the tree increases in size, even if actual 
JURZWK�UDWHV�UHPDLQ�WKH�VDPH��7KRPDV�DQG�3DUUHVRO�������

Results

The current status of each original thinning study site is 
summarized in Table 2. Many sites have yet to be relocated 
and a portion of those that have been relocated are no longer 
in a condition that can be remeasured.

7KH�:KLWH� 6SDU� VLWH� ZDV� UHORFDWHG� DQG� WKH� SORWV� ZHUH�
UHPHDVXUHG�GXULQJ�WKH�VXPPHU�RI�������)LJXUH��D��E���7KH�
WKLQQHG�SORW�KDG�D�KLJKHU�%$,�XQWLO�WKH�����V��&RQWURO�SORW�%�
never surpassed the growth rates of either the thinned plot or 
control plot D. Control plot D had the highest BAI from the 
����V�XQWLO�������)LJXUH����

Discussion and Conclusions

7KHVH�VWXGLHV�ZHUH�WKH�¿UVW�WR�GHPRQVWUDWH�WKH�HIIHFWV�RI�
WKLQQLQJ�SRQGHURVD�SLQH�IRUHVWV�LQ�WKH�6RXWKZHVW��$OO�VHYHQ�
study sites demonstrated that diameter growth of crop trees 
ZDV� LQFUHDVHG� ZKHQ� FRPSHWLWLRQ� ZDV� GHFUHDVHG� �*DLQHV�
DQG� .RWRN� �������$OWKRXJK� WKLV� GRHV� QRW� VHHP� VXUSULVLQJ�
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Table 2. Overview of each series of experimental sites and plots established in the Southwest 
between 1925-1936 (information from Gaines and Kotok 1954).

Forest Site Name Re-located Condition of Plot

Apache-Sitgreaves Decker Wash  No Unknown
Coconino Ft. Valley- Ranger No Unknown
 Ft. Valley- Sec. 19 No Unknown
 Ft. Valley- Corey Pasture No Unknown
Gila Redstone 8 of 16 Variable, but mostly intact
Prescott Copper Basin Yes Rendered useless by road and insects
 White Spar Yes Intact and Re-measured

Figure 1a, b. Photographs of White Spar site taken in 1925 (top) as well as a photograph taken in 2005 
(bottom). (Source: USFS photo 205392 by Ben De Blois).
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to foresters today, the spacing guidelines and potential tree 
growth for ponderosa pine stands were largely unknown 
when these studies were established.

Ultimately, the results from these early stand thinning 
H[SHULPHQWV�OHG�3HDUVRQ�DQG�RWKHUV�WR�DEDQGRQ�XQLIRUP�WKLQ-
ning treatments and adopt the crop-tree method as a more 
general thinning guide in southwestern ponderosa pine stands 
�3HDUVRQ��������7KH�¿QGLQJV�RI� WKHVH�VWXGLHV�ZHUH�GLUHFWO\�
applied to timber stand improvement guidelines throughout 
WKH�6RXWKZHVW��*DLQHV�DQG�.RWRN�������3HDUVRQ�������

7KH�:KLWH�6SDU�SORWV�GHPRQVWUDWH�WKDW�WKH�FURS�WUHH�WKLQ-
ning method allowed the residual trees on the thinned plots to 
PDLQWDLQ�KLJKHU�JURZWK�UDWHV�IRU�DERXW����\HDUV��6XFK�¿QG-
ings are consistent with that of earlier studies performed on 
WKH�:KLWH�6SDU�SORWV��*DLQHV�DQG�.RWRN�������.UDXFK�������
3HDUVRQ��������2XU�GDWD�DOVR�VXJJHVW�WKDW�DQ�DGGLWLRQDO�WKLQ-
QLQJ�RFFXUUHG�LQ� WKH�HDUO\� WR�PLG�����V��EHFDXVH�WKHUH� LV�D�
notable increase in radial growth, especially in control plot D. 
More details about the pre-treatment stocking levels would be 
useful and may have shown why the thinned plot had a high-
er net basal area before the thinning treatment occurred. For 
H[DPSOH��.UDXFK��������VWDWHV�WKDW�PDQ\�RI�WKH�SLQH�VWDQGV�
were nearly clear-cut 40 years prior to the establishment of 
WKH�:KLWH�6SDU�VWXG\�VLWH��6XFK�LQIRUPDWLRQ�RQ�WKH�VWDQG�KLV-
tory is critical in determining conditions prior to thinning and 
VXJJHVWV�RWKHU�IDFWRUV�WKDW�PLJKW�LQÀXHQFH�WUHH�JURZWK�

The rigor of experimental design in forestry studies has 
FKDQJHG�VLJQL¿FDQWO\�VLQFH�WKHVH�HDUO\�WKLQQLQJ�WULDOV�LQ�WKH�

6RXWKZHVW�� 7KH� VWXG\� VLWHV� ZHUH� QRW� UDQGRPO\� ORFDWHG� RU�
thoroughly replicated. Microsite differences may have had 
D� GLVSURSRUWLRQDWH� DIIHFW� RQ� WKH� UHVXOWV� IRU� WKH�:KLWH� 6SDU�
study site and possibly the other thinning studies. However, 
these original thinning plots, established by the Fort Valley 
([SHULPHQWDO�)RUHVW�LQ�WKH�����V�DQG�����V��IXUQLVKHG�PXFK�
of the early background for the development of methods used 
LQ�IRUHVW�PDQDJHPHQW�LQ�WKH�6RXWKZHVW�WRGD\�
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DQG� OHGJHU� GDWD�� )LQDOO\��ZH� DUH� LQGHEWHG� WR�*�$�� 3HDUVRQ��
who had the foresight to establish these permanent thinning 
plots in 1925 to advance the knowledge of southwestern pon-
derosa pine management today.
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In: 2OEHUGLQJ��6XVDQ�'���DQG�0RRUH��0DUJDUHW�0���WHFK�FRRUGV��������)RUW�9DOOH\�([SHULPHQWDO�)RUHVW²$�&HQWXU\�RI�5HVHDUFK������������
3URFHHGLQJV�5056�3�����)RUW�&ROOLQV��&2��8�6��'HSDUWPHQW�RI�$JULFXOWXUH��)RUHVW�6HUYLFH��5RFN\�0RXQWDLQ�5HVHDUFK�6WDWLRQ������S�

Historical Provenance Study

In a provenance experiment, seed is collected from many 
QDWXUDO�VWDQGV��L�H���VRXUFHV��DQG�WKHQ�JURZQ�LQ�D�FRPPRQ�HQ-
vironment to study genetic diversity and adaptation patterns. 
3URYHQDQFH� UHVHDUFK� EHJDQ� LQ� 1RUWK� $PHULFD� LQ� WKH� ODWH�
����V��:ULJKW��������7KUHH�ODUJH�SLRQHHU�VWXGLHV�RI�SRQGHUR-
VD�SLQH�ZHUH�HVWDEOLVKHG�LQ�����������E\�HDUO\�8QLWHG�6WDWHV�
)RUHVW� 6HUYLFH� �86)6�� VFLHQWLVWV� VHQW�ZHVW� LQ� ������7KHVH�
three ponderosa pine racial variation trials (hereafter referred 
WR�DV�SURYHQDQFH�WHVWV��DUH�DPRQJ�WKH�HDUOLHVW�DQG�QRZ�ROG-
est existing provenance tests in North America. One of these 
WHVWV�ZDV�HVWDEOLVKHG�E\�*XVWDI�$��3HDUVRQ�DW�WKH�)RUW�9DOOH\�
([SHULPHQWDO�)RUHVW��������¶ODWLWXGH���������¶���´�ORQJLWXGH��
LQ�$UL]RQD��7DEOH����)LJXUHV���DQG�����7KLV�KLVWRULFDO�WHVW�LQ-
cluded seed collected from 18 National Forests representing 
PXFK�RI�WKH�UDQJH�RI�SRQGHURVD�SLQH��7DEOH�����7KH�RWKHU�WZR�
WHVWV�ZHUH�HVWDEOLVKHG�LQ�,GDKR�DQG�:DVKLQJWRQ�2UHJRQ�DQG�
included Coconino sources collected from the Fort Valley 
Experimental Forest.

Historical and Contemporary Lessons From Ponderosa Pine 
Genetic Studies at the Fort Valley Experimental Forest, Arizona

Laura E. DeWald, Natural Resources Conservation Management, Western 
%CTQNKPC�7PKXGTUKV[��%WNNQYJGG��0%; and Mary Frances Mahalovich, 
7�5��(QTGUV�5GTXKEG��0QTVJGTP��4QEM[�/QWPVCKP��5QWVJYGUVGTP�CPF�
+PVGTOQWPVCKP�4GIKQPU��/QUEQY��+&

Abstract—Forest management will protect genetic integrity of tree species only if their genetic 
diversity is understood and considered in decision-making. Genetic knowledge is particularly 
important for species such as ponderosa pine (Pinus ponderosa Dougl. ex Laws.) that are 
distributed across wide geographic distances and types of climates. A ponderosa pine study 
initiated in 1910 at the Fort Valley Experimental Forest is among the earliest ponderosa pine 
genetic research efforts in the United States. This study contributed to the description of 
ponderosa pine’s varietal differences, genetic diversity and adaptation patterns, and helped 
confirm the importance of using local seed sources. The role this and other pioneer studies 
had in improving forest management of ponderosa pine was, and still is critical. These early 
studies have long-term value because they improve our knowledge of responses to climate 
change and our understanding of genetic variability in physiology and pest resistance in older 
trees. More recently, studies of natural ponderosa pine stands at Fort Valley using molecular 
markers have shown the importance of stand structure and disturbance regimes to genetic 
composition and structural patterns. This knowledge is important to ensure ecological resto-
ration efforts in ponderosa pine forests will also restore and protect genetic integrity into the 
future. Highlights of these historical and contemporary studies at Fort Valley are summarized 
and their applications to management of ponderosa pine forests are described.

Most of the seedlings used to establish the Fort Valley prov-
HQDQFH�WHVW�ZHUH�JURZQ�E\�*��$��³*XV´�3HDUVRQ�LQ�D�QXUVHU\�
at Fort Valley. The nursery-grown seedlings were transplant-
ed into the test site located west of the Experimental Forest 
+HDGTXDUWHUV� DW� ������ IHHW� HOHYDWLRQ�� 7KH� VHHGOLQJV� ZHUH�
hand-planted at a 6-foot spacing, in rows oriented east-west. 
Each row represented one seed source and varied in length 
XS�WR�����IHHW��6XUYLYDO�ZDV�PRQLWRUHG�DQQXDOO\�XQWLO�������
and then in 1928, 1951, 1964, and 1995. Heights were mea-
sured in 1928, and both height and diameter were measured 
in 1964 and 1995-1996. It is noteworthy that the 1995-1996 
GDWD�ZHUH�FROOHFWHG�E\�5R\�6LOHQ��ZKR�ZDV�D�UHWLUHG�SURMHFW�
OHDGHU�IRU�JHQHWLFV�UHVHDUFK��86)6�3DFL¿F�1RUWKZHVW�)RUHVW�
5HVHDUFK� 6WDWLRQ� LQ� &RUYDOOLV�� 2UHJRQ�� 5R\� 6LOHQ� �ZKR� LV�
QRZ�GHFHDVHG��VSHQW�KLV�SHUVRQDO�WLPH�DQG�UHVRXUFHV�GXULQJ�
his retirement to measure this historical test because of his 
strong belief in the long-term value of such studies.

Although some results of the Fort Valley test are summa-
UL]HG�E\�3HDUVRQ�LQ�D�YDULHW\�RI�UHSRUWV��H�J���3HDUVRQ��������
WKH�¿UVW�IXOO�DQDO\VLV�RI�WKH�SURYHQDQFH�WHVW�ZDV�QRW�SXEOLVKHG�
XQWLO������LQ�D�86)6�5HVHDUFK�1RWH�ZULWWHQ�E\�0��0��/DUVRQ��
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Table 1. Seed origins of ponderosa pine seed sources in a provenance study at the U.S. Forest 
Service Fort Valley Experimental Forest, Arizona (adapted from Silen unpublished data and 
Larson 1966).

National Forest State Latitude Longitude Elevation (ft) Variety # Planted

Coconino a AZ 35o 05’ 111o 35’ 7400 Scopulorum 2784
Santa Fe NM 36o 10’ 106o 30’ 8000 Scopulorum 84
Gila NM 32o 30’ 108o 20’ -- b Scopulorum 87
San Isabel a CO 38o 15’ 107o 00’ 8000 Scopulorum 791
Roosevelt CO 44o 30’ 116o 00’ 5000 Scopulorum 200
Ashley UT 37o 20’ 107o 50’ -- Scopulorum 65
Manti-La Sal UT 37o 50’ 110o 00’ -- Scopulorum 84
Fishlake UT 40o 30’ 105o 15’ -- Scopulorum 14
Black Hills SD -- -- -- Scopulorum 273
Harney SD 43o 45’ 103o 30’ 6000 Scopulorum 152
Bitterroot MT 36o 00’ 114o 20’ 4600 Ponderosa 78
Boise ID 43o 30’ 114o 50’ 5500 Ponderosa 26
Payette ID -- -- -- Ponderosa 65
Salmon ID 45o 15’ 114o 10’ 4500 Ponderosa 43
Siskiyou OR 42o 10’ 123o 40’ 2000 Ponderosa 22
Tahoe CA 38o 50’ 120o 15’ 6500 Ponderosa 12
Klamath CA 41o 30’ 122o 40’ -- Ponderosa 0 c

Angeles CA 34o 30’ 118o 10’ 6500 Ponderosa 0 c

a 607 of the seedlings from these San Isabel seed sources were propagated at the Monument Nursery 
in Colorado, and 372 seedlings of the Coconino seed source were propagated at the Fort Bayard 
Nursery in New Mexico. All other San Isabel and Coconino seedlings were propagated at the nursery 
in Fort Valley, AZ.

b -- Indicates unknown collection location data.
c All seedlings were killed in the Fort Valley nursery by freezing temperatures (-3 oF).

D� )RUHVW� 3K\VLRORJLVW� ORFDWHG� DW� ZKDW� ZDV� WKHQ� WKH� 5RFN\�
0RXQWDLQ�)RUHVW�DQG�5DQJH�([SHULPHQW�6WDWLRQ�LQ�)ODJVWDII��
$=�� ,Q� WKLV� SDSHU�� /DUVRQ� LQFOXGHV� LQIRUPDWLRQ� IURP� D� ���
SDJH�XQSXEOLVKHG�SURJUHVV�UHSRUW�³6RXUFH�RI�6HHG²:HVWHUQ�
<HOORZ� 3LQH´� SUHSDUHG� E\�*XV� 3HDUVRQ� LQ� ����� �RQ� ¿OH� DW�
WKH�5RFN\�0RXQWDLQ�)RUHVW� DQG�5DQJH�([SHULPHQW�6WDWLRQ��
)ODJVWDII��$=���/DUVRQ�LQGLFDWHG�WKDW�3HDUVRQ�QRWLFHG�YDULHWDO�
differences among seed sources both in the nursery and early 
on in the provenance test where “despite the seemingly better 
health of the northern and western seed sources, these seed-
lings turned out to be sensitive to frost and drought.” It is likely 
these same climatic variables contributed to mortality over 
WLPH��/DUVRQ��������UHSRUWHG�WKDW�DIWHU����\HDUV��VHHG�VRXUFHV�
from only nine of the National Forests survived and mortality 
ZDV�JUHDWHU�WKDQ�����IRU�DOO�VRXUFHV��7DEOH�����7KHVH�VRXUFHV�
were still alive after 80 years but survival had decreased to an 
DYHUDJH�RI������7DEOH�����0RVW�RI�WKH�YDULDWLRQ�LQ�PRUWDOLW\�
RFFXUUHG� IURP����������� DQG�PRUWDOLW\� DIWHU� WKDW� WLPH�ZDV�
relatively evenly divided among the remaining sources. After 
���\HDUV��/DUVRQ��������UHSRUWHG�WKDW�VHHG�VRXUFHV�RULJLQDWLQJ�
from National Forests in Arizona, Utah and Colorado (e.g., 
ORFDWLRQV�PRVW�VLPLODU�WR�WKH�ODWLWXGH�DQG�RU�HOHYDWLRQ�WR�WKH�
WHVW�VLWH��KDG�WKH�EHVW�VXUYLYDO��WDOOHVW�KHLJKWV�DQG�JUHDWHVW�GL-
DPHWHUV��7DEOH�����ZKLOH� WUHHV�RULJLQDWLQJ�IURP�WKH�QRUWKHUQ�
and western sources did not survive. This variation can be at-
tributed to varietal differences.

Figure 1. Ponderosa pine racial variation study 
located in the Fort Valley Experimental Forest. 
Photograph by Mahalovich, June 1999.
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Figure 2. Geographic range (adapted from Fowells 
1965) and locations (Ħ) of Pinus ponderosa 
sources included in the Fort Valley provenance 
study (adapted from Silen unpublished report and 
Larson 1966). Populations west of the dotted line 
are var. ponderosa and east of the dotted line are 
var. scopulorum.

Table 2. Performance of ponderosa pine seed sources in a provenance study at the U.S. Forest Service Fort Valley 
Experimental Station, Arizona (from Silen unpublished data and Larson 1966).

   Volume per  
 Survival (%) Mean Height (ft) acre (ft3)

Seed Source Variety Number Planted  5-yr 50-yr 80-yr 5-yr 50-yr 80-yr 50-yr 80-yr

Coconino Scopulorum 2784 29 21 19 1.2 26.6 32.0 507 1032
Santa Fe Scopulorum 84 52 24 24 0.8 24.6 28.0 566 1748
Gila Scopulorum 87 33 6 3 0.7 21.5 25.9 65 136
San Isabel Scopulorum 791 34 17 16 1.1 22.9 26.1 304 560
Roosevelt Scopulorum 200 26 7 6 0.7 19.8 20.4 94 97
Ashley Scopulorum 65 35 12 8 0.5 21.0 20.4 94 97
Manti-La Sal Scopulorum 84 45 21 20 0.6 28.7 30.8 825 1696
Black Hills Scopulorum 273 41 18 16 1.2 27.6 27.2 667 963
Harney Scopulorum 152 30 20 19 0.8 19.8 30.8 109 203
Fishlake Scopulorum 14 0 0 0 0 0 0 0 0
Bitterroot Ponderosa 78 0 0 0 0 0 0 0 0
Boise Ponderosa 26 0 0 0 0 0 0 0 0
Payette Ponderosa 65 0 0 0 0 0 0 0 0
Salmon Ponderosa 43 0 0 0 0 0 0 0 0
Siskiyou Ponderosa 22 0 0 0 0 0 0 0 0
Tahoe Ponderosa 12 0 0 0 0 0 0 0 0
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Varietal Differences

The 50-year Fort Valley results summarized by Larson 
������� ZHUH� FRQVLVWHQW� EXW� RSSRVLWH� LQ� WUHQG� ZLWK� UHVXOWV�
IURP�WKH�,GDKR�DQG�:$�25�WHVWV�UHSRUWHG�E\�6TXLOODFH�DQG�
6LOHQ���������LQ�WKH�QRUWKHUQ�WHVWV��SHUIRUPDQFH�RI�WKH�VRXWK-
HUQ�5RFN\�0RXQWDLQ�VRXUFHV�ZDV�WKH�SRRUHVW��7KHVH����\HDU�
trends corresponded with the range delineations of the two 
varieties (ponderosa and scopulorum��)LJXUH�����,Q�DGGLWLRQ��
variation in seed source performance was roughly a continu-
um of decreasing height and survival with increasing distance 
from origin. This relationship was consistent with other early 
SURYHQDQFH� WHVW� UHVXOWV�DQG�SURPSWHG�)RUHVW�6HUYLFH� VFLHQ-
WLVWV�VXFK�DV�5RHVHU��������WR�FRQFOXGH�WKDW�VHHG�FROOHFWLRQV�
IRU�D�JLYHQ�DUHD�VKRXOG�EH�FRQ¿QHG�WR�ORFDO�YDULHWLHV��7KLV�LV�
VWLOO�VRXQG�DGYLFH�WRGD\��-RKQVRQ�DQG�RWKHUV��������5HVXOWV�
from tests such as at Fort Valley led to the development of 
VHHG� WUDQVIHU� JXLGHOLQHV� �H�J��� 0DKDORYLFK� DQG� 5HKIHOGW�
������������WR�HQVXUH�WKDW�PLVWDNHV�PDGH�LQ�WKH�PRYHPHQW�
of seed such as described for ponderosa pine in DeWald and 
0DKDORYLFK��������GR�QRW�KDSSHQ�DJDLQ�

Climate-Genetic Relationships

We now know that the geographic patterns in genetic 
diversity that emerged from the historical provenance tests 
UHÀHFW�DGDSWLYH�UHVSRQVHV�DVVRFLDWHG�ZLWK�FKDQJHV�LQ�WHPSHU-
DWXUH�DQG�SUHFLSLWDWLRQ��5HKIHOGW��������+RZHYHU��DW�WKH�WLPH�
WKH�¿UVW� SRQGHURVD� SLQH� SURYHQDQFH� WHVWV�ZHUH� HVWDEOLVKHG��
variation among trees was believed to be partly inherited, but 
mechanisms controlling this variation were unknown. It was 
speculated that natural selection had some role, but evidence 
WR�VXSSRUW�WKLV�LGHD�ZDV�ODFNLQJ��0RUJHQVWHUQ��������5HVXOWV�
from the early provenance studies such as at Fort Valley con-
tributed evidence that certain traits were partially inherited, 
DQG� WKDW�JHRJUDSKLF�SDWWHUQV�KDG�D�JHQHWLF�EDVLV� �6TXLOODFH�
DQG� 6LOHQ� ������� 7KHVH� UHVXOWV� DGGHG� WR� WKH� DFFXPXODW-
ing knowledge about inheritance, evolution and selective 
UHVSRQVHV�WR�YDU\LQJ�LQWHQVLWLHV�RI�QDWXUDO�DQG�DUWL¿FLDO�VHOHF-
WLRQ��:ULJKW�������WKDW�ZDV�XVHG�WR�LQLWLDWH�WUHH�EUHHGLQJ��7KH�
early provenance tests enabled the best trees in the best seed 
VRXUFHV�WR�EH�LGHQWL¿HG�DV�SRWHQWLDO�EUHHGLQJ�VWRFN��5HVXOWV�
from provenance tests such as at Fort Valley contributed to 
the foundation of our knowledge and continue to inform pon-
derosa pine genetics and management (e.g., Baumgartner and 
/RWDQ� ������ /DUVRQ� ������0DKDORYLFK� DQG�5HKIHOGW� ������
������0XQJHU�������3HDUVRQ�������5RHVHU�������6FKUHLQHU�
������ 6LOHQ� XQSXEOLVKHG� UHSRUW�� 6TXLOODFH� DQG� 6LOHQ� ������
:DQJ�������:HLGPDQ�������:HOOV�����D��E��

Long-term tests such as at Fort Valley showed that early 
performance was not always a reliable predictor of later per-
IRUPDQFH��6LOHQ�XQSXEOLVKHG�UHSRUW���1RQ�ORFDO�VHHG�VRXUFHV�
often tolerate average conditions of a site, but are usually poor-
O\�DGDSWHG� WR�H[WUHPHV�RI�ZHDWKHU� WKDW�RFFXU� OHVV� IUHTXHQWO\�
but at regular intervals (Johnson and others ������6LOHQ�XQ-
SXEOLVKHG�UHSRUW���WKH\�PD\�SHUIRUP�ZHOO�IRU�VHYHUDO�\HDUV��EXW�
then decline in health. At Fort Valley, nearly all the western and 

northern provenances (i.e., var. ponderosa��GLHG�GXULQJ�WKH�¿UVW�
decade, leaving only the scopulorum variety. However, it took 
DQRWKHU����\HDUV�WR�VRUW�WKH�UHPDLQLQJ�SURYHQDQFHV�WR�D�VLQJOH�
EHVW�\LHOGLQJ�SURYHQDQFH��6DQWD�)H�1DWLRQDO�)RUHVW��6LOHQ�XQ-
SXEOLVKHG� UHSRUW��� 6RPH� RI� WKH� QRQ�ORFDO� SURYHQDQFHV� JUHZ�
faster than the local source early on, but in the end, the local 
VHHG�VRXUFH�IRU����\HDU�KHLJKW�����IW��RXW�SHUIRUPHG�WKH�RWKHUV��
7DEOH���OLVWV�WKH�VHHG�VRXUFHV�DQG�HOHYDWLRQ�EDQGV�EDVHG�RQ�D�
VHHG�WUDQVIHU�H[SHUW�V\VWHP��0DKDORYLFK�DQG�5HKIHOGW�������
that are considered local to the Fort Valley location. The long-
term results from Fort Valley illustrate that shorter term studies 
may provide misleading information and highlights the value 
of historical long-term provenance tests.

The Fort Valley study has had approximately 100 years to 
respond to climate change and provide a testing ground for 
suggested management recommendations to address climate 
change. Local seed sources of the native variety scopulo-
rum KDYH� SHUVLVWHG� RYHU� WLPH� DW� )RUW�9DOOH\��7KH�6DQWD�)H�
National Forest seed source at 8,000 feet has one of the high-
HVW�SHUFHQW�VXUYLYDO�IROORZHG�E\�WKH�0DQWL�/D�6DO�1DWLRQDO�
)RUHVW�VRXUFH��%RWK�WKH�QRQ�ORFDO�6DQWD�)H�DQG�0DQWL�/D�6DO�
sources are more productive than the local Coconino source, 
DV�PHDVXUHG�E\�KHLJKW�DW�DJH�����7DEOH�����7KH�SHUIRUPDQFH�
of seed sources at ages 50 and 80 in the historical tests are be-
ginning to demonstrate a restoration principle used in mining 
UHFODPDWLRQ� �0DKDORYLFK� SHUVRQDO� FRPPXQLFDWLRQ�� 86'$�
)RUHVW�6HUYLFH�in press���ZKHUH�VHHG�VRXUFHV�DGDSWHG�WR�H[-
WUHPH�HQYLURQPHQWV��KLJKHU�ODWLWXGHV�DQG�KLJKHU�HOHYDWLRQV��
DUH�XWLOL]HG� WR� UHYHJHWDWH� WKHVH� VLWHV��3RVVLEOH�PLWLJDWLRQ� LQ�
the form of revising seed and plant movement guidelines em-
SKDVL]LQJ�D�ZDUPLQJ�WUHQG��,3&&�������UHFRPPHQG�VSHFLHV�
and seed sources from more southerly latitudes and lower el-
HYDWLRQV��$UERU�'D\�)RXQGDWLRQ��������/RQJ�WHUP�GDWD�IURP�
the Fort Valley and Idaho studies do not support the selection 
of southerly latitude or lower elevation seed sources after 10 
decades, rather local or local and higher in elevation sources 
have survived and been more productive. Although mortal-
ity has been high, which is to be expected in these types of 
studies, the Fort Valley test exists today and represents a 
long-term study with historical and contemporary value.

Contemporary Genetic Studies

5HVXOWV� RI� WKH� SLRQHHU� SURYHQDQFH� WHVWV� GHPRQVWUDWHG�
that genetic diversity is the raw material on which evolu-
tion operates. One goal of ecological restoration is to restore 
HYROXWLRQDU\� SURFHVVHV�� *HQHWLF� NQRZOHGJH� JDLQHG� IURP�
provenance tests has direct bearing on the success of ecologi-
FDO�UHVWRUDWLRQ��)DON�DQG�+ROVLQJHU�������<RXQJ�DQG�&ODUNH�
������EHFDXVH�NQRZLQJ�KRZ�JHQHV�DUH�GLVWULEXWHG�DQG�ZKDW�
controls the patterns of genetic diversity enables practitioners 
WR�UHVWRUH�JHQHWLF�GLYHUVLW\�SDWWHUQV�WR�PHHW�VSHFL¿F�PDQDJH-
ment objectives.

Contemporary genetic research using molecular tech-
QLTXHV�GHPRQVWUDWHG�WKDW�WKH�JHQHWLF�GLYHUVLW\�RI�SRQGHURVD�
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pine trees established at Fort Valley prior to Euro-American 
settlement differed from trees established since then 
�.RODQRVNL� ������� ,W� ZDV� DOVR� UHYHDOHG� WKDW� WKH� FOXPS\�
spatial structure of historical southwestern ponderosa pine 
VWDQGV��:KLWH�������DOVR�FRUUHVSRQGHG�WR�D�FOXPS\�JHQHWLF�
SDWWHUQ�� 5HJHQHUDWLRQ� ZLWKLQ� FOXPSV� ZDV� OLNHO\� SURWHFWHG�
IURP� IUHTXHQW� ¿UH�� 2YHU� WLPH� WKLV� FUHDWHG� VPDOO� ³JHQHWLF�
neighborhoods” where trees within a clump were more 
closely related to each other than to trees between clumps. 
Inbreeding was avoided by high pollen movement in the 
RSHQ�DUHDV�PDLQWDLQHG�E\� IUHTXHQW�¿UH�EHWZHHQ�FOXPSV�RI�
trees. As tree densities increased and the open spaces be-
WZHHQ�FOXPSV�¿OOHG�LQ��SROOHQ�PRYHPHQW�ZDV�UHVWULFWHG�DQG�
the regeneration that became established between clumps 
differed genetically from the older trees. Thinning to health-
LHU� GHQVLWLHV� ZLOO� UHVWRUH� SROOHQ� ÀRZ�� EXW� IXOO� UHVWRUDWLRQ�
RI� JHQHWLF� GLYHUVLW\� SDWWHUQV� DOVR� UHTXLUHV� UHVWRUDWLRQ� RI� D�
FOXPS\�YHUVXV�HYHQO\�VSDFHG�IRUHVW�VWUXFWXUH��'H:DOG�������
.RODQRVNL�������

In addition to changes in pollen movement, contemporary 
or “rapid” evolution also likely contributed to the genetic 
GLIIHUHQFHV� EHWZHHQ� WKH� JHQHUDWLRQV� �6WRFNZHOO� DQG� RWKHUV 
�������7KH�ROGHU�WUHHV�HVWDEOLVKHG�WKHPVHOYHV�LQ�HQYLURQPHQ-
tal conditions unlike those their contemporary progeny faced. 
Older pines generally experienced relatively little within-
species competition during stand development because of 
IUHTXHQW� ORZ�LQWHQVLW\�¿UHV�� ,Q� FRQWUDVW�� WKH�PRGHUQ� GHQVH��
shaded conditions created a different environment during the 
establishment of the younger trees that were likely selected 

for different genetic material. The different genetic material 
in the younger trees may have future adaptive value and a 
conservative approach would be to maintain this genetic di-
versity (Buchert and others ������ (O�.DVVDE\� DQG� 5LWODQG�
������ DORQJ�ZLWK� WKDW� SUHVHUYHG� LQ� WKH� ROG� WUHHV��$OWKRXJK�
thinning will help pollen move among the clumps of trees, it 
can also alter genetic diversity through losses of genetic ma-
terial from the population of trees being thinned. Therefore, 
D�VXI¿FLHQW�QXPEHU�RI�WKH�\RXQJHU�JHQHUDWLRQ�WUHHV�VKRXOG�EH�
maintained along with the older trees in thinned stands. This 
can be accomplished by varying thinning densities across the 
ODQGVFDSH��'H:DOG�������.RODQRVNL�������

*HQHWLF� GLYHUVLW\� DOORZV� SRSXODWLRQV� WR� UHVSRQG� WR��
and evolve with the dynamic nature of the environment. 
Therefore, a primary objective of forest management should 
be to conserve and maintain genetic diversity of organisms 
and populations within forest ecosystems (DeWald and 
0DKDORYLFK��������$EVHQFH�RI�JHQHWLF�LQIRUPDWLRQ�IRU�DGDS-
tive traits leads to poor management decisions. Likewise, 
prematurely changing management recommendations in-
volving seed transfer in the context of climate change models 
emphasizing warming, may also lead to poor management 
decisions if we ignore hard data from long-term racial 
variation and provenance tests. In this regard, the historical 
ponderosa pine provenance study initiated at Fort Valley is 
still providing important information today, and along with 
contemporary genetic research helps provide the genetic 
knowledge critical to successful management of the ponder-
osa pine ecosystem.

Table 3. Compatible ponderosa pine seed sources for planting at the Fort Valley Experimental Forest, 
Arizona, based on a seed transfer expert system (Mahalovich and Rehfeldt 2005).
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In: 2OEHUGLQJ��6XVDQ�'���DQG�0RRUH��0DUJDUHW�0���WHFK�FRRUGV��������)RUW�9DOOH\�([SHULPHQWDO�)RUHVW²$�&HQWXU\�RI�5HVHDUFK������������
3URFHHGLQJV�5056�3�����)RUW�&ROOLQV��&2��8�6��'HSDUWPHQW�RI�$JULFXOWXUH��)RUHVW�6HUYLFH��5RFN\�0RXQWDLQ�5HVHDUFK�6WDWLRQ������S�

Introduction

In the past two decades, much attention has been given to 
understanding the dramatic structural and functional changes 
observed in the ponderosa pine forests of northern Arizona 
�$OOHQ� DQG� RWKHUV� ������ &RYLQJWRQ� DQG�0RRUH� ������ )XOp�
DQG� RWKHUV� ������0DVW� DQG� RWKHUV� ������0RRUH� DQG� RWKHUV�
�������:KLOH� LW� LV�ZLGHO\�DFFHSWHG� WKDW� WKHVH�FKDQJHV�KDYH�
culminated in forest conditions consistent with catastrophic 
disturbances and widespread degradation of these ecosys-
WHPV��$OOHQ�DQG�RWKHUV��������IHZ�VWXGLHV�KDYH�EHHQ�DEOH�WR�
TXDQWLI\�ORQJ�WHUP�������\HDUV��WHPSRUDO�DQG�VSDWLDO�FKDQJ-
HV�LQ�IRUHVW�VWUXFWXUH��0RRUH�DQG�RWKHUV�������

7KH�REMHFWLYH�RI�WKLV�VWXG\�ZDV�WR�TXDQWLI\�FKDQJHV�LQ�IRU-
est structure, tree recruitment, and associated spatial patterns 
EHWZHHQ�¿UH�H[FOXVLRQ��a������6iQFKH]�0HDGRU�DQG�RWKHUV�
����D�� DQG� FRQWHPSRUDU\� FRQGLWLRQV� ��������7R� GR� VR��ZH�
DQDO\]HG� IRUHVW� VWUXFWXUDO� GDWD� �WUHH� VL]H�� WUHH� GHQVLW\�� DQG�
spatial pattern on a permanent plot at three points in time: 
RQVHW�RI�¿UH�H[FOXVLRQ���������SORW�HVWDEOLVKPHQW���������DQG�
FRQWHPSRUDU\���������:H�DOVR�DQDO\]HG�WUHH�UHFUXLWPHQW�SDW-
terns as evidenced in spatial maps of regeneration from 1909 
and 2004 and in the current stand age-structure. A particular-
ly unusual aspect of this plot is that it occurs on a regionally 
XQLTXH�SDUHQW�PDWHULDO��FLQGHU�VRLOV�

Forest Structure and Tree Recruitment Changes on a 
Permanent Historical Cinder Hills Plot Over a 130-Year Period

Jacob H. Dyer, Department of Forest and Wildlife Ecology, University of 
Wisconsin, Madison, WI; Andrew J. Sánchez Meador, USFS, Forest 
Management Service Center, Fort Collins, CO; Margaret M. Moore, 
School of Forestry, Northern Arizona University, Flagstaff, AZ; and 
Jonathan D. Bakker, College of Forest Resources, University of 
Washington, Seattle, WA

Abstract—We examined forest structure, tree recruitment, and spatial pattern over a 130-year 
period on cinder soils in northern Arizona. Data were collected from a 3.24 ha permanent, 
stem-mapped plot established in 1909. This site is unique in that it represents ponderosa pine 
(Pinus ponderosa Laws. var. scopulorum Engelm.) growing on black cinder soils, which are 
of limited extent in the Southwest. Tree diameter, tree density and spatial data reconstructed 
from 1874 and actual measurements from 1909 and 2004 were compared, and the current 
stand age-structure of living trees was examined. Unlike most studies of stand dynamics in 
the Southwest, this site has experienced little change in structure or spatial pattern between 
1874 and 2004. This difference is thought to reflect the unique environmental conditions as-
sociated with black cinder soils.

Methods

7KLV� VWXG\� ZDV� FRQGXFWHG� RQ� D� ����� KD� ��� DFUH�� VLWH��
GHQRWHG� DV� &2&6�$�� ORFDWHG� DSSUR[LPDWHO\� ��� NP� QRUWK-
east of Flagstaff, Arizona on the Coconino National Forest 
����������¶1������������¶:���7KLV�SORW�LV�RQ�WKH�)RUW�9DOOH\�
([SHULPHQWDO�)RUHVW�XQLW�HDVW�RI�)ODJVWDII��$=��8QLW����QHDU�
'RQH\�3DUN��DQG�KDV�DOVR�EHHQ�UHIHUUHG�WR�DV�WKH�&LQGHU�+LOOV�
RU�&LQGHU�3ORW��*UHHQODZ�3ORW��RU�2OG�&DYHV�&UDWHU�SORW��7KH�
plot was selectively harvested in 1909 (prior to plot establish-
PHQW�PHDVXUHPHQWV��DQG�LQ������

The elevation of the study site is approximately 2,050 me-
ters above sea level, mean annual total precipitation is 
DSSUR[LPDWHO\�����PP��DQG�PHDQ�DQQXDO�DYHUDJH�WHPSHUD-
WXUH�LV������&��:HVWHUQ�5HJLRQDO�&OLPDWH�&HQWHU��������7KH�
SDUHQW�PDWHULDO� DQG� VRLOV� RI� WKH� VLWH� DUH� W\SLFDO� RI� WKH� 6DQ�
)UDQFLVFR�9ROFDQLF� )LHOG� �7DQDND� DQG� RWKHUV� ������ZLWK� D�
VXUIDFH� OD\HU� RI� YROFDQLF� HMHFWD� �FLQGHUV�� UDQJLQJ� LQ� WKLFN-
QHVV� IURP� ���±��� FP�� 7KH� 7HUUHVWULDO� (FRV\VWHP� 6XUYH\�
�7(6�� FODVVL¿HV� WKH� VRLO� W\SH� RI� WKH� VLWH� DV� DVK\�VNHOHWDO��
frigid Vintrandic Ustochrepts, which are extremely cindery 
VDQG�ORDPV��7(6�0DS�8QLW������0LOOHU�DQG�RWKHUV��������7KH�
overstory vegetation is ponderosa pine with scattered pinyon 
pine (Pinus edulis�(QJHOP����7KH�XQGHUVWRU\�YHJHWDWLRQ�FRQ-
sists primarily of dispersed perennial bunchgrasses.
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We used the original 1909 survey and forest inventory 
methods to reestablish the plots (see Moore and others 2004 
IRU� GHWDLOV���0HWKRGV� XVHG� WR�PDS� VSDWLDO� ORFDWLRQV� RI� WUHHV�
�[�\�FRRUGLQDWHV���FROOHFW�DJH�GDWD��UHFRQVWUXFW�SORW�FRQGLWLRQV�
DW�¿UH�H[FOXVLRQ��DQG�FRQGXFW�VSDWLDO�DQDO\VHV�DUH�RXWOLQHG�E\�
6iQFKH]�0HDGRU�DQG�RWKHUV������D������E���,Q�DGGLWLRQ��DJHV�
were corrected for the time to reach 40 cm height by adding 
WHQ�\HDUV��&RUPLHU��������:LWK�WKH�H[FHSWLRQ�RI�DQDO\VHV�RI�UH-
FUXLWPHQW��DOO�DQDO\VHV�ZHUH�FRQGXFWHG�RQ�OLYH�WUHHV��������FP�
GLDPHWHU�DW�EUHDVW�KHLJKW�������P�DERYH�JURXQG�OHYHO���:H�GH-
termined stand structural attributes (mean tree size, trees per 
KD�� EDVDO� DUHD�� TXDGUDWLF� PHDQ� GLDPHWHU�� DQG� VHHGOLQJV� SHU�
KD��DW�WKUHH�SRLQWV�LQ�WLPH��RQVHW�RI�¿UH�H[FOXVLRQ���������SORW� 
HVWDEOLVKPHQW���������DQG�FRQWHPSRUDU\��������

6SDWLDO�DQDO\VHV�LQFOXGHG�D�¿UVW�RUGHU�SRLQW�SDWWHUQ�DQDO\-
VLV�RI�QHDUHVW�QHLJKERU�GLVWDQFHV��&ODUN�DQG�(YDQV¶�5�>&ODUN�
DQG� (YDQV� ����@�� WR� IDFLOLWDWH� LQWHUSUHWDWLRQ� RI� FKDQJHV� LQ�
spatial pattern over time at the plot level and second-order 
point pattern analyses to examine changes at various spatial 
VFDOHV��7ZR�VHFRQG�RUGHU�DQDO\VHV�ZHUH�XWLOL]HG�����5LSOH\¶V�
.�W�� XQLYDULDWH� DQDO\VLV� �5LSOH\� ������ ������ WR� H[DPLQH�
changes in spatial patterns with scale of observation for each 
VWDQG�VWUXFWXUDO� VFHQDULR��DQG����5LSOH\¶V�ELYDULDWH�DQDO\VLV�
�5LSOH\� ������ ������ WR� TXDQWLI\� UHFUXLWPHQW�HVWDEOLVKPHQW�
patterns of seedlings with respect to overstory trees.

Results

6WDQG� VWUXFWXUDO� DQG� VSDWLDO� FRQGLWLRQV� ZHUH� VLPLODU� LQ�
�����DQG������WR�WKRVH�REVHUYHG�LQ�������7DEOH�����7KH������
group-selection harvest reduced the stand density (tree per 
KHFWDUH��E\�DERXW�D�WKLUG�DQG�VWDQG�EDVDO�DUHD�E\�KDOI��EXW�KDG�
little effect on mean nearest neighbor distance. Contemporary 
age data revealed an uneven-aged structure with three main 
cohorts, centered in the mid-1800s, the early 1900s and in 
the mid-1900s. These pulses roughly correspond to periods 
RI�LQFUHDVHG�SUHFLSLWDWLRQ��)LJXUH����

/LYH�WUHHV�ZHUH�FOXPSHG�LQ�DOO�WKUHH�VFHQDULRV��)LJXUH�����
5LSOH\¶V� XQLYDULDWH� .� DQDO\VHV� GHWHFWHG� VXEWOH� GLIIHUHQFHV�
DPRQJ�WLPH�SHULRGV�LQ�LQWHQVLW\�DQG�VFDOH��)LJXUH�����,Q������
and 1909, trees were clumped at all scales, with maximum 
intensity at a distance of 10 m. In 2004, trees were clumped 
ZLWK�PD[LPXP�LQWHQVLW\�DW���P��EXW�RQO\�RXW�WR����P��DIWHU�
which they were randomly arranged.

6HHGOLQJ� UHFUXLWPHQW� ZDV� VSDWLDOO\� SDWWHUQHG� DW� VPDOOHU�
VFDOHV�LQ������WKDQ�������)LJXUH�����,Q�������VHHGOLQJV�ZHUH�
attracted to overstory trees up to six m away, whereas in 2004, 
VHHGOLQJV�ZHUH�DWWUDFWHG�WR�RYHUVWRU\�WUHHV�XS�WR����P�DZD\�

Discussion

7KH�PRVW�LPSRUWDQW�¿QGLQJ�LQ�WKLV�VWXG\�LV�WKDW�XQOLNH�PRVW�
other studies in southwestern ponderosa pine (Cooper 1960, 

&RYLQJWRQ�DQG�0RRUH�������)XOp�DQG�RWKHUV�������0DVW�DQG�
RWKHUV�������0RRUH�DQG�RWKHUV��������IRUHVW�VWUXFWXUH�RQ�WKLV�
EODFN�FLQGHU�VLWH�LV�ODUJHO\�XQFKDQJHG�IURP�WKH�RQVHW�RI�¿UH�
H[FOXVLRQ� �������XQWLO�������3RQGHURVD�SLQH� VWDQGV�RQ� WKLV�
study site have lower tree densities, yet higher tree growth 
and greater overall tree size compared with other stands 
RQ�KLVWRULFDO�SHUPDQHQW�SORWV� LQ� WKH�6RXWKZHVW� �0RRUH�DQG�
RWKHUV��������2WKHU�VWXGLHV�KDYH�DOVR�QRWHG�JUHDWHU�DYHUDJH�
growth of trees on volcanic cinder soils in northern Arizona, 
DQG�DWWULEXWH�LW�WR�D�QXPEHU�RI�IDFWRUV�LQFOXGLQJ�����PLQLPDO�
KHUEDFHRXV�FRPSHWLWLRQ�����GHHS�VXEVRLOV�WKDW�KDYH�PRLVWXUH�
UHWDLQLQJ�OD\HUV��DQG�RU����ORRVH�VRLOV�WKDW�IDFLOLWDWH�GHYHORS-
ment of extensive, branched tree root systems (Abella and 
&RYLQJWRQ�������&ROWRQ�������+DDVLV��������,Q�DGGLWLRQ��ZH�
did not see the large population explosion of pine seedlings 
in 1919, as observed in many studies across northern Arizona 
�6DYDJH�DQG�RWKHUV��������2ULJLQDOO\��ZH�VXVSHFWHG�WKDW�WKH�
harsh environment of the cinder soils may have prevented 
seedling establishment, but later we learned that a cone-
weevil outbreak that occurred at this site in 1918 prevented 
the large seed and seedling crop seen in other areas around 
)ODJVWDII��3HDUVRQ�������

The spatial pattern has remained aggregated throughout 
the site’s recorded history, and this is likely due to the pat-
WHUQV�RI�SLQH�UHFUXLWPHQW��5HFUXLWPHQW�LV�SRVLWLYHO\�DVVRFLDWHG�
with the location of overstory trees. The existing tree canopy 
provides shade and increased soil moisture, which increases 
WKH�FKDQFHV�RI�SLQH�VHHGOLQJ�VXUYLYDO��6WHLQ�DQG�.LPEHUOLQJ�
������� HVSHFLDOO\� RQ� WKHVH� PRUH� LQKRVSLWDEOH� VXUIDFH� VRLOV�
�$EHOOD�DQG�&RYLQJWRQ�������

Summary

3RQGHURVD� SLQH� VWDQGV� WKDW� RFFXU� RQ� EODFN� FLQGHUV� SDU-
ent material account for a small proportion of the Coconino 
1DWLRQDO�)RUHVW�LQ�QRUWKHUQ�$UL]RQD��0LOOHU�DQG�RWKHUV��������
Even though these stands do not occupy much area, they are 
XQLTXH��7KH� XQLTXHQHVV� RI� WKLV� IRUHVW� W\SH�ZDV� UHFRJQL]HG�
LQ������ZKHQ�*��$��3HDUVRQ�HVWDEOLVKHG�D�)9()�(DVW�8QLW�
�8QLW����DQG�VHYHUDO�SHUPDQHQW�SORWV� WR�GHVFULEH�WKLV�IRUHVW�
type. We remeasured these permanent plots in 2004 and com-
SDUHG�WKH�IRUHVW�VWUXFWXUH��DJH��VL]H��GHQVLW\��LQ������WR�WKDW�
LQ������DQG�WR�SORWV�UHFRQVWUXFWHG�WR�������:H�IRXQG�WKDW�WKH�
IRUHVW�VWUXFWXUH�KDG�QRW�FKDQJHG�JUHDWO\�IURP������WR������
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Figure 1. Age distribution by decade of COCS4A with overlay of Palmers Drought Severity Index showing the correlation 
between wet years and regeneration events.

Table 1. Stand-level structural and spatial attributes for live trees 
�9.14 cm dbh on COCS4A for presettlement (1874), plot 
establishment (1909), and contemporary scenarios (2004).

Attribute 1874 1909 2004

Structural
Diameter at breast height (cm)

Mean  40.8 34.4 42.9
Minimum 9.4 11.2 10.2
Maximum 96.4 96.5 92.2

Trees per ha 79.4 58.3 75.0
Basal area (m2 ha-1) 13.4 6.7 12.8
QMD (cm) 46.3 38.4 46.7
Seedlings per haa ???b 8.6 29.6

Spatial
Nearest Neighbor Distance (m)

Mean  4.4 4.2 4.5
Median 2.6 2.1 3.6
Minimum 0.6 0.1 0.2
Maximum 25.7 34.8 17.2

Clark & Evans Rc 0.78 0.63 0.77

a Seedlings are >0.3 m tall and <9.14 cm dbh.
b 1874 seedlings per ha are not quantifiable with these data.
c All values significant at the 95% confidence level.
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Figure 2. Stem maps of live trees �9.14 cm dbh for three time periods: (a) onset of fire exclusion (1874; n = 257), (b) plot 
establishment (1909; n = 189), and (c) contemporary (2004; n = 243). Point or circle size is proportional to stem diameter 
and on a different scale from tree coordinates for visual clarity.

Figure 3. Ripley’s K(t) univariate statistic (transformed as [L(t)-t]) as a function of lag distance for three time periods: (a) onset of 
fire exclusion (1874; n = 257), (b) plot establishment (1909; n = 189), and (c) contemporary (2004; n = 243). The horizontal 
dashed line is the expectation if trees are randomly distributed. Calculated values that fall outside of the confidence interval 
are statistically significant; values >0 indicate aggregation and values <0 indicate uniform (regular) spatial distribution.
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Figure 4. Stem maps showing overstory trees (black circles) and seedlings (grey squares) 
and the associated Ripley’s K12(t) bivariate statistic (transformed as [L12(t)-t]) as a 
function of lag distance) for 1909 plot establishment (a & b), and 2004 contemporary 
(c & d) conditions. The horizontal dashed line is the expectation if trees are randomly 
distributed, and the dotted lines are the 95% confidence limits. Calculated values that 
fall outside of the confidence interval are statistically significant; values >0 indicate 
attraction and values <0 indicate repulsion between the two populations.

The content of this paper reflects the views of the author(s), who are 
responsible for the facts and accuracy of the information presented 
herein.
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In: 2OEHUGLQJ��6XVDQ�'���DQG�0RRUH��0DUJDUHW�0���WHFK�FRRUGV��������)RUW�9DOOH\�([SHULPHQWDO�)RUHVW²$�&HQWXU\�RI�5HVHDUFK������������
3URFHHGLQJV�5056�3�����)RUW�&ROOLQV��&2��8�6��'HSDUWPHQW�RI�$JULFXOWXUH��)RUHVW�6HUYLFH��5RFN\�0RXQWDLQ�5HVHDUFK�6WDWLRQ������S�

Introduction

(DUO\�HFRORJLVWV��+DDVLV�������������3HDUVRQ�������ZHUH�
investigating methods to secure natural regeneration of west-
ern yellow pine (Pinus ponderosa�� VLQFH� WKH� HVWDEOLVKPHQW�
RI�)RUW�9DOOH\�([SHULPHQWDO�)RUHVW�KHDGTXDUWHUV�DW�)ODJVWDII�
LQ� ������5HVWRUDWLRQ� RI� QDWLYH� SLQH� FRPPXQLWLHV� FRQWLQXHV�
to be a focus of land managers, particularly following wild-
ODQG�¿UH��ZLOG¿UH�RU�SUHVFULEHG�¿UH���+DUG\�DQG�$UQR��������
In this paper, we compare pine regeneration efforts in the 
6RXWKZHVW� �EDVHG� RQ� D� VWXG\� E\�(OOLRWW� DQG�:KLWH� >����@��
WR�HIIRUWV� LQ�VRXWKHUQ�$SSDODFKLD��&OLQWRQ�DQG�RWKHUV�������
(OOLRWW�DQG�9RVH�������&OLQWRQ�DQG�RWKHUV�������(OOLRWW�DQG�
RWKHUV�������(OOLRWW�DQG�RWKHUV�������(OOLRWW�DQG�9RVH��������

1 Plant species nomenclature follows http://plants.usda.gov/

Pine Regeneration Following Wildland Fire

Katherine J. Elliott, James M. Vose, 75(5��%QYGGVC�*[FTQNQIKE�.CDQTCVQT[��
Southern Research Station, Otto, NC; and Alan S. White, School of 
Forest Resources, University of Maine, Orono, ME

Abstract—Pine regeneration following wildland fire continues to be a serious problem across 
the western and southeastern U.S. Frequency of large wildfires has increased over the last 
several decades and restoration of these burned areas is a major problem confronting land 
managers. Prescribed fires are used primarily to reduce heavy fuel loads and secondarily to 
reduce competition or prepare sites for natural or planted pine regeneration. In 1983, an 
experiment was initiated near the Fort Valley Experimental Forest to evaluate the growth of 
ponderosa pine (Pinus ponderosa1) seedlings planted after a severe wildfire. This study evalu-
ated different herbaceous species effects on survival and growth of ponderosa pine seedlings. 
The study reported that competition from nonnative grass species (Dactylis glomerata and 
Agropyron desertorum) significantly reduced water and nitrogen availability and pine seed-
ling growth; whereas, native grasses (Bouteloua gracilis and Sitanion hystrix) had no effect 
on soil resources or pines. In southern Appalachia, pine regeneration success after wildland 
fire varies depending on fire severity and growing season precipitation. After a high intensity, 
moderate severity fire on dry southern Appalachian ridges, pitch pine (Pinus rigida) seedling 
germination was high (3,000 seedlings/ha); however, most pine seedlings did not survive 
beyond the first year due to unusually low precipitation late in the growing season. Even in 
these mountains that normally receive high precipitation, drought can reduce pine seedling 
growth and induce mortality. More often, light and nitrogen are the limiting resources to pine 
seedling growth, and sprouting hardwoods are more competitive than herbaceous species 
with the regenerating pines. Further studies in southern Appalachia suggest that success-
ful regeneration of pine (e.g., Pinus strobus, P. echinata, or P. rigida) after prescribed fire 
will not be achieved without planting pine seedlings and reducing fast growing hardwood 
competitors.

Both regions attempt to restore pine forests that have experi-
enced a combination of drought, bark beetle (mountain pine 
EHHWOH� >03%��Dendroctonus ponderosae�+RSNLQV@� �-HQNLQV�
DQG�RWKHUV�������RU�VRXWKHUQ�SLQH�EHHWOH�>63%��Dendroctonus 
frontalis�=LPPHUPDQQ@���DQG�ZLOGODQG�¿UH�

Pine Regeneration in the 
Southwest

,Q� WKH� 6RXWKZHVW�� SRQGHURVD� SLQH� �Pinus ponderosa��
IRUHVWV�RFFXU�EHWZHHQ������WR������P�������WR������IW�� LQ�
HOHYDWLRQ�DQG�DUH�VHPL�DULG�ZLWK�a���FP�����LQFKHV��RI�SUH-
cipitation per year. Historically, natural pine regeneration 
DQG� RYHUVWRU\� UHFUXLWPHQW� ZHUH� KLJKO\� HSLVRGLF�� UHODWHG� WR�
both optimal climate conditions for seed production, seed-
ling germination and growth and longer intervals between 
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VXUIDFH�¿UHV��ZKLFK�DOORZHG�VHHGOLQJV�DQG�VDSOLQJV�WR�UHDFK�
D�VWDJH�ZKHUH�WKH\�ZHUH�UHODWLYHO\�LPPXQH�IURP�VXEVHTXHQW�
EXUQV��:KLWH�������*ULVVLQR�0D\HU�DQG�6ZHWQDP��������2Q�
severely burned sites, however, successful regeneration of 
natural and planted pine was limited by drought and com-
SHWLWLRQ�ZLWK�JUDVVHV��.RUVWLDQ�DQG�&RLOH�������:KLWH�������
(OOLRWW�DQG�:KLWH�������DQG�DW�WLPHV�IURVW�KHDYLQJ�DQG�JUD]-
LQJ��+DDVLV�������.RUVWLDQ�������

0RUH� WKDQ����\HDUV� DJR��(OOLRWW� DQG�:KLWH� ������� VWXG-
ied the effects of competition from nonnative grasses on 
planted ponderosa pine, a problem that continues to plague 
IRUHVW�PDQDJHUV�WRGD\��+XQWHU�DQG�RWKHUV��������7KH�UHVXOWV�
from that early study are still relevant and thus, it may be 
EHQH¿FLDO�WR�UH�H[DPLQH�WKRVH�¿QGLQJV��DQG�LW�LV�WLPHO\�VLQFH�
WKDW�ZRUN�ZDV� LQÀXHQFHG� E\� WKH� )RUW�9DOOH\� ([SHULPHQWDO�
)RUHVW� UHVHDUFK�SURJUDP�� ,Q�-XQH�������D�ZLOG¿UH�RFFXUUHG�
DERXW����NP�����PLOHV��QRUWK�RI�WKH�)RUW�9DOOH\�([SHULPHQWDO�
)RUHVW�KHDGTXDUWHUV�� ODWLWXGH���o���¶�� ORQJLWXGH����o 45’, at 
DQ�HOHYDWLRQ�RI������P�������IW���7KH����KD�����DF��¿UH�ZDV�
VHYHUH��HOLPLQDWLQJ�YLUWXDOO\�DOO�SODQW�VSHFLHV��6WDQGLQJ�GHDG�
WUHHV�ZHUH�OHIW�ZLWK�WKH�H[FHSWLRQ�RI�ODUJHU�WUHHV��!�����FP�
>���LQ@�GEK���ZKLFK�ZHUH�UHPRYHG�LQ�D�VDOYDJH�ORJJLQJ�RS-
HUDWLRQ��3RQGHURVD�SLQH�VHHGOLQJV������EDUH�URRW�VWRFN��ZHUH�
SODQWHG�LQ�$SULO������DQG�FRPSHWLWRU�VSHFLHV�ZHUH�VHHGHG�LQ�
-XO\�������DIWHU�VXPPHU�UDLQV�KDG�VWDUWHG�

3LQH� VHHGOLQJV� SODQWHG�ZLWK� QDWXUDO� YHJHWDWLRQ� RU� QDWLYH�
JUDVVHV� ZHUH� VLJQL¿FDQWO\� ODUJHU� �)LJXUH� ��� DQG� KDG� VLJ-
QL¿FDQWO\� KLJKHU� VRLO� PRLVWXUH� DQG� SODQW� ZDWHU� SRWHQWLDOV�
than pine seedlings planted with nonnative grasses or forbs 
�7DEOH�����Bouteloua gracilis, a late-season C4 native grass, 
ZDV�D�OHVV�HI¿FLHQW�FRPSHWLWRU�IRU�VRLO�PRLVWXUH�GXH�LQ�SDUW�WR�
its shallow root system and late season growth and thus does 
not compete excessively for soil moisture during the early 

season drought period. In contrast, pine seedlings growing 
with Dactylis glomerata or Agropyron desertorum, early-
VHDVRQ� &�� QRQQDWLYH� JUDVVHV�� ZHUH� VPDOOHU� �)LJXUH� ��� DQG�
KDG�ORZHU�SODQW�ZDWHU�SRWHQWLDOV��7DEOH����GXULQJ�SHULRGV�RI�
low precipitation and low soil moisture. From this research 
�(OOLRWW�DQG�:KLWH��������LW�ZRXOG�DSSHDU�WKDW�QDWLYH�VSHFLHV�
DUH�D�JRRG�FKRLFH�IRU�UH�YHJHWDWLQJ�VLWHV�DIWHU�ZLOG¿UH��SDU-
ticularly if those sites will be planted with ponderosa pine.

The trade-off, of course, is whether the late-season na-
tive species will occupy severely burned areas fast enough 
WR� FRQWURO� HURVLRQ� DQG�ZDWHU� UXQRII� �5RELFKDXG� DQG� RWKHUV�
������5RELFKDXG��������0RUH�UHFHQW�VWXGLHV�KDYH�VKRZQ�WKDW�
native periennial forbs, such as yarrow (Achillea millifolium��
DQG� ¿UHZHHG� �Chamerion angustifolium��� DUH� PRUH� HIIHF-
tive for increasing plant cover and reducing bare soil cover 
�3HWHUVRQ�DQG�RWKHUV��������+RZHYHU�� LW� LV�QRW�NQRZQ�KRZ�
competitive these forbs would be with natural or planted pine 
seedlings. Thus, the balance between restoring ponderosa 
pine and reducing erosion by rapidly revegetating severely 
burned sites continues to be a management dilemma in the 
VRXWKZHVW��+XQWHU�DQG�RWKHUV�������

Pine Regeneration in  
Southern Appalachia

In the southern Appalachian mountains, where annual pre-
FLSLWDWLRQ� LV� !���� FP� ���� LQ��� WKH� HFRUHJLRQ� LV� GHVFULEHG� DV�
µVXE�WURSLFDO�PRXQWDLQV¶��%DLOH\��������0L[HG�SLQH�KDUGZRRGV�
RFFXS\� WKH� GULHVW� VLWHV� �L�H��� XSSHU� VORSHV� DQG� ULGJHV��ZKHUH�
\HOORZ� SLQHV� >SLWFK� �Pinus rigida��� 9LUJLQLD� �P. virginiana���

Figure 1. Average ponderosa pine seedling 
height (cm) on competitor plots at the end 
of the second growing season after planting 
a severely burned wildfire site in northern 
Arizona.  Species codes: AGRDES, Agropyron 
desertorum (Fisch.) Schult. (crested wheatgrass); 
DACGLO, Dactylis glomerata L. (orchardgrass); 
SANMIN, Sanguisorba minor Scop. (small 
burnet); MELOFF, Melilotus officinalis (L.) Lam. 
(yellow sweet clover); SITHYS, Sitanion hystrix 
(Nutt.) J.G. Smith (squirreltail) BOUGRA, 
Bouteloua gracilis ((H.B.K.) Lag ex Steud (blue 
grama). ‘Natural’ plots were allowed to become 
established with any post-fire species, and 
‘Denuded’ plots were periodically weeded 
to remove all competing vegetation. Single 
competitor plots were weeded periodically to 
remove any species other than those assigned to 
that plot. Average values followed by different 
letters are significantly different (p<0.05) 
according to Duncan’s Multiple Range Test 
(Dixon 1983).
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Table 1. Ponderosa pine predawn xylem water potential (Ψ) and extractable soil 
nitrogen (0-5 and 5-15 cm soil depths) comparison among various grass species, two 
growing seasons after a severe wildfire.

 Extractable soil nitrogen (Sept 1984)

 NO3-N (mg/Kg) NH4-N (mg/Kg)

Treatment Ψ (- MPa) 0-5 cm 5-15 cm 0-5 cm 5-15 cm

Bouteloua gracilis 0.54 b 1.60 a 2.68 a 1.96 a 2.40 a
Dactylis glomerata 1.32 a 0.18 b 0.12 b 2.88 b 3.32 b
Agropyron desertorum 1.55 a
Control (denuded) 0.48 b 4.37 a 3.07 a 2.14 a 2.38 a
Natural vegetationa 0.56 b

aNatural vegetation consisted of squirreltail (Sitanion hystrix [Nutt.]), mountain muhly (Muhlen-
bergia montana [Nutt] Hitch.), Arizona fescue (Festuca arizonica Vasey), lupine (Lupinus spp.), 
and others.

Average values in a column followed by different letters are significantly (p�0.05) different ac-
cording to a nonparametric equivalent to Tukey’s multiple comparison test (Dixon 1983). 
Taken from Elliott and White (1987).

Table Mountain (P. pungens��� DQG�RU� VKRUWOHDI� �P. echinata�@�
DUH�PL[HG�ZLWK�RDNV�>VFDUOHW��Quercus coccinea���FKHVWQXW��Q. 
montana���DQG�ZKLWH��Q. alba�@�DQG�RWKHU�KDUGZRRGV�>UHG�PD-
ple (Acer rubrum���EODFNJXP��Nyssa sylvatica�@��2YHU�WKH�SDVW�
century, pine-hardwoods have been on a trajectory of increased 
pine overstory mortality, a lack of tree regeneration, loss of 
ground layer herbs and grasses (Elliott and others 1999,Vose 
DQG� 6ZDQN� ������ 9RVH� ������� DQG� H[SDQVLRQ� RI� PRXQWDLQ�
laurel (Kalmia latifolia���'REEV��������7KH�PRVW�UHFHQW�63%�
RXWEUHDN� ������������ UHVXOWHG� LQ� H[WHQVLYH� DQG� ZLGHVSUHDG�
pine mortality.

)RUHVW�PDQDJHUV�SUHVFULEH�¿UH�DV�D�VLOYLFXOWXUDO�WUHDWPHQW�
in pine-hardwood forests (KWWS���ZZZ�IV�IHG�XV�¿UH�� KWWS���
ZZZ�QDWXUH�QSV�JRY�¿UHPDQDJHPHQW��WR�UHGXFH�IXHO�ORDG��WR�
UHVWRUH�GLYHUVLW\�DQG�SURGXFWLYLW\��&OLQWRQ�DQG�RWKHUV�������
&OLQWRQ�DQG�9RVH��������DQG�WR�SURPRWH�UHJHQHUDWLRQ�RI�QD-
WLYH� SLQHV� DQG� RDNV� �9RVH� ������� � )LUH� UHGXFHV� PRXQWDLQ�
ODXUHO�DQG�GHOD\V� LWV�JURZWK��&OLQWRQ�DQG�RWKHUV��������HQ-
courages oaks and other tree species including pines to sprout 
�(OOLRWW�DQG�RWKHUV��������DQG�SURYLGHV�D�VHHGEHG�IRU�QDWLYH�
pine germination and establishment (Elliott and others 1999, 
:DOGURS�DQG�RWKHUV�������

Fire research in southern Appalachia has investigated the 
HIIHFWV�RI�ZLOGODQG�¿UH�RQ�HFRV\VWHP�SURFHVVHV�VXFK�DV�QHW�
primary production, nutrient and carbon cycling, and veg-
HWDWLRQ�G\QDPLFV��KWWS���ZZZ�VUV�IV�XVGD�JRY�FRZHHWD���3DUW�
of this program is to assess restoration of pine-hardwoods 
�&OLQWRQ�DQG�9RVH�������E\�HYDOXDWLQJ� WKH�FRPSHWLWLYH�HQ-
vironment of planted and naturally regenerating pine (Elliott 
DQG� 9RVH� ������ (OOLRWW� DQG� RWKHUV� ������� 2Q� ULGJH� VLWHV��
ZKHUH� ¿UH� LQWHQVLW\� LV� KLJKHVW�� VWDQG�UHSODFLQJ� ¿UHV� FDQ�

FRQVXPH�XQGHUVWRU\�YHJHWDWLRQ�DQG�LJQLWH�FURZQV��3LWFK�SLQH�
and Table Mountain pine seedling germination may be high 
�:DOGURS�DQG�RWKHUV��������+RZHYHU��SLQH�VHHGOLQJV�PD\�QRW�
VXUYLYH�EH\RQG� WKH�¿UVW�\HDU� �)LJXUH����ZKHQ�SUHFLSLWDWLRQ�
in late summer is below the long-term average (Elliott and 
RWKHUV�������

2WKHU� ¿UH� VWXGLHV� KDYH� IRFXVHG� RQ� UHVWRUDWLRQ� RI� VKRUW-
OHDI� SLQH�EOXHVWHP�JUDVV� FRPPXQLWLHV� �+XEEDUG� DQG�RWKHUV�
������� 3UHVFULEHG� EXUQ� WUHDWPHQWV�ZHUH� LQWHQGHG� WR� UHGXFH�
FRPSHWLWLRQ�� SURPRWH� UHJHQHUDWLRQ� RI� VKRUWOHDI� SLQH�� DQG�
SURPRWH� D� GLYHUVH� JURXQG� ÀRUD� LQFOXGLQJ� QDWLYH� EOXHVWHP�
grasses (Andropogon gyrans, A. gerardii, and Schizachyrium 
scoparium���(OOLRWW�DQG�9RVH��������:KLOH�VRPH�XQGHVLUDEOH�
VSHFLHV�ZHUH�UHGXFHG��)LJXUH�����KDUGZRRGV�DQG�EOXHEHUULHV�
(Vaccinium�VSS���ZHUH�PRUH�DEXQGDQW��DQG�VKRUWOHDI�SLQH�DQG�
EOXHVWHP�JUDVV�GLG�QRW�UHJHQHUDWH��)LJXUH�����(OOLRWW�DQG�9RVH�
�������FRQFOXGHG�WKDW�PRUH�DJJUHVVLYH�WUHDWPHQWV�ZRXOG�EH�
necessary to restore shortleaf pine and native bluestem grass 
on these sites.

$QRWKHU�VWXG\�ZDV�GHVLJQHG�>KWWS���ZZZ�¿UHVFLHQFH�JRY�
-)63B6HDUFK�9RVH@� ZLWK� FROODERUDWLRQ� IURP� WKH� &KHURNHH�
1DWLRQDO�)RUHVW��7HQQHVVHH�WR�UHVWRUH�VKRUWOHDI�SLQH�EOXHVWHP�
JUDVV�LQ�IRUHVWV�KHDYLO\�LPSDFWHG�E\�63%�LQGXFHG�WUHH�PRUWDO-
LW\��)ROORZLQJ�EXUQ�WUHDWPHQWV��0DUFK��������VKRUWOHDI�SLQH�
VHHGOLQJV�ZHUH�KDQG�SODQWHG��a�����VHHGOLQJV�KD�>����VHHG-
OLQJV�DFUH@��DQG�QDWLYH�EOXHVWHP�JUDVV�VHHGV�ZHUH�EURDGFDVW�
VSUHDG��6XUYLYDO�RI�SODQWHG�SLQH�DYHUDJHG�����WKH�¿UVW�JURZ-
LQJ�VHDVRQ��ZKHUHDV��HVWDEOLVKPHQW�RI�EOXHVWHP�JUDVV�GLG�QRW�
RFFXU� XQWLO� WKH� VHFRQG� JURZLQJ� VHDVRQ�� 3UHOLPLQDU\� UHVXOWV�
suggest that planting shortleaf pine and seeding bluestem 
grass could accelerate the recovery of these forests.
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Figure 2. Changes in number of tree seedlings after prescribed fire in the Wine Spring Creek 
watershed, western North Carolina; pre-burn (1994) and the first (1995), second (1996) and tenth 
(2005) growing seasons post-burn. Species codes: ACERUB, Acer rubrum; AMEARB, Amelanchier 
arborea; QUECOC, Quercus coccinea; QUEMON, Quercus montana; QUERUB, Quercus rubra; 
QUEVEL, Quercus velutina; ROBPSE, Robinia pseudoacacia; SASALB, Sassafras albidum; PINRIG, 
Pinus rigida. Species nomenclature follows Gleason and Cronquist (1991).

Figure 3. Changes in number of tree seedlings 
(<0.5 m height) and saplings (>0.5 m 
height, <5.0 cm dbh) after prescribed fire 
in the Conasauga River Watershed, eastern 
Tennessee and north Georgia: pre-burn 
(2000) and the first (2001) and second 
(2002) growing seasons post-burn. Species 
codes: ACERUB, Acer rubrum; LIRTUL, 
Liriodendron tulipifera; QUEALB, Quercus 
alba; QUECOC, Quercus coccinea; 
QUEVEL, Quercus velutina; QUEMON, 
Quercus montana; SASALB, Sassafras 
albidum; CARYA, Carya spp.; PINSTR, Pinus 
strobus; PINVIR, Pinus virginiana; NYSSYL, 
Nyssa sylvatica. Species nomenclature 
follows Gleason and Cronquist (1991).



166 USDA Forest Service RMRS-P-55.  2008.

Summary

&RVWO\�DQG�GUDPDWLF�SRVW�¿UH� UHKDELOLWDWLRQ� �L�H���HURVLRQ�
FRQWURO�� HIIRUWV�� VXFK� DV� WKRVH� XVHG� LQ� WKH� ZHVWHUQ� VWDWHV��
DUH� QRW� UHTXLUHG� LQ� VRXWKHUQ�$SSDODFKLD��(YHQ� DIWHU� VHYHUH�
¿UH�� UHFRYHU\� UDWHV� RI�$SSDODFKLDQ� IRUHVWV� DUH�PXFK� IDVWHU�
than southwestern forests due to rapid vegetative re-growth. 
However, this re-growth may not have the desired species 
composition that restores native pines or oaks to the pine-
hardwood forest. Thus, restoring ecosystems after wildland 
¿UH�E\�HVWDEOLVKLQJ�SLQH�UHJHQHUDWLRQ�FDQ�EH�SUREOHPDWLF�LQ�
both the southwest and the southern Appalachians. In the 
6RXWKZHVW��SLQH�UHJHQHUDWLRQ�LV�RIWHQ�OLPLWHG�E\�FRPSHWLWLRQ�
from seeded nonnative grasses and the most limiting resource 
is water.  In southern Appalachia, pine regeneration is also 
limited by competition, but the most aggressive competitors 
are fast-growing hardwood sprouts. Even though water can 
limit establishment of pine seedlings, the most limiting re-
source to pine seedling growth is light.
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Figure 1. Main laboratory building at FVEF. (All photos coutesy of the Donald Elston Collection, NAU 
Special Collections, Flagstaff, AZ)

The U.S. Geological Survey Paleomagnetics Laboratory at  
Fort Valley Experimental Forest—1970-1991

Shirley Elston and Carolyn Shoemaker, Volunteers and Wives, 
U.S. Geological Survey, Flagstaff, AZ

Abstract—The United States Geological Survey (USGS) Paleomagnetics Laboratory was es-
tablished in 1970, when Dr. Donald P. Elston of USGS negotiated with officials of the U.S. 
Forest Service in Flagstaff for the use of several buildings at the Fort Valley Experimental Forest 
(FVEF). The Fort Valley location was ideal for use as a laboratory, because its distance from 
Flagstaff mitigated the possibility of outside magnetic disturbance, which could affect any 
results obtained. It should also be noted that the necessary space was potentially available, 
in that most of the buildings were in states of disrepair and in danger of being torn down or 
moved. The USGS updated the buildings used by the Laboratory and helped ensure that the 
FVEF remained intact (Figure 1).
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Introduction
3DOHRPDJQHWLVP�LV�DQ�LPSRUWDQW�DVSHFW�RI�JHRORJ\��,W�LV�WKH�

study of the Earth’s magnetic history for the past billion-plus 
\HDUV��$UFKHDQ�3UH�&DPEULDQ�WR�WKH�SUHVHQW���(DFK�URFN�KDV�
a “remanent” magnetization relative to the magnetic North 
3ROH��ZKLFK�LV�LPSULQWHG�ZKHQ�LW�LV�RULJLQDOO\�GHSRVLWHG��7KLV�
“magnetic moment” can be preserved to the present, and is a 
tool for dating ancient beds by the position of the magnetic 
1RUWK� 3ROH�� DQG� SODFHV� WKHP� LQ� WLPH�� LQ� WKH� KLVWRU\� RI� WKH�
Earth. Thus a rock whose preserved magnetic position indi-
cates that it should be in the middle of the Atlantic Ocean was 
probably deposited there many millions to billions of years 
ago. Careful selection and processing of rock samples per-
mit the scientist to determine the latitude and longitude of 
the original formational location, which can be thousands of 
miles away from the sample’s present-day location. Over the 
\HDUV�WKH�WHFKQLTXHV�KDYH�EHHQ�UH¿QHG�VR�WKDW�WKH�UHVXOWV�KDYH�
VFLHQWL¿F�OHJLWLPDF\��7KH�HQVXLQJ�UHVHDUFK�SDSHUV�KDYH�SUR-
vided a fairly accurate map of the Earth’s past history, helping 
to substantiate the theory of continental drift—movement of 
WKH�FRQWLQHQWV�WKURXJKRXW�JHRORJLF�WLPH��3DOHRPDJQHWLVP�DO-
lows Earth scientists to decipher our planet’s past physical 
KLVWRU\��EXW�QRW�WR�SUHGLFW�LWV�IXWXUH���

The studies begin with the collection of samples of rocks. 
First the geologist carefully chooses the rocks to be sampled. 
Flat-lying red sandstones, which are relatively iron-rich in 
magnetic minerals and unweathered, are generally preferred. 
This is because “secondary magnetization” can occur in rocks 
WKDW� KDYH� EHHQ� H[SRVHG� WR� WKH� HOHPHQWV�� DOVR�� URFNV� VWUXFN�
E\�OLJKWQLQJ�ZLOO�GH¿QLWHO\�EH�UHPDJQHWL]HG��6RPH�LJQHRXV�
rocks, such as basalt, also yield good results.

6DPSOHV�DUH�REWDLQHG�XVLQJ�D�SRUWDEOH�FKDLQVDZ�DGDSWHG�
to drill rocks to obtain one inch-diameter cores in the cho-
sen rocks, with a barrel whose cutting edge is encrusted with 
LQGXVWULDO�GLDPRQGV��)LJXUH�����7KH�GULOOLQJ� WRROV� LQFOXGH�D�
water can with pump to keep the core barrel relatively cool 
GXULQJ� WKH�SURFHGXUH��7KH�FRUHV� �WZR� WR� WKUHH� LQFKHV� ORQJ��
are oriented, marked, labeled, and then removed from the 
holes and their numbers recorded. Then they are placed in 
individual sample bags, marked with this information, and 
numbered in ascending order. The sample marking tool 
�NQRZQ�DV�WKH�µVFULWFKHU¶��LV�PDGH�RI�EUDVV�DV�LV�WKH�VDPSOH�
KROGHU��RU�RULHQWLQJ�WRRO���)LQDOO\��WKH�VPDOO�EDJV�DUH�SODFHG�
in larger sample bags and their localities noted on the bags. 
7KH�LQIRUPDWLRQ�LV�UHFRUGHG�LQ�¿HOG�QRWHERRNV�WR�DVVXUH�WKDW�
DOO�QHHGHG�LQIRUPDWLRQ�LV�SUHVHUYHG��)LJXUH����

The Paleomagnetics Lab at 
Fort Valley

7KH� LQLWLDO� SLHFH� RI� HTXLSPHQW� LQ� WKH� /DE� ZDV� D� VSLQ-
QHU�PDJQHWRPHWHU�EXLOW� IURP�D�NLW� E\�*DU\�6FRWW�� WKH�¿UVW�
/DE� HPSOR\HH� DQG� ZKR� ODWHU� HDUQHG� D� 3K'� EDVHG� RQ� SD-
OHRPDJQHWLFV� UHVHDUFK�� 7KH� PDJQHWRPHWHU� �)LJXUH� ��� ZDV�

D� UDWKHU�SULPLWLYH� LQVWUXPHQW�� ,W� UHTXLUHG�PDQ\�SURFHGXUHV�
EHIRUH� DQ\� XVHIXO� LQIRUPDWLRQ� FRXOG� EH� REWDLQHG�� *DU\�
DOVR� FRQVWUXFWHG� DQ� ³DVWDWLF´� PDJQHWRPHWHU� �)LJXUH� ����
ZKLFK�� DOWKRXJK� LW� ZRUNHG� ZHOO� HQRXJK�� UHTXLUHG� GDUN-
ness and was even slower than the air turbine spinner, so 
LW�ZDV�QRW�XVHG�PXFK��6FRWW��������$�OLTXLG�KHOLXP�FRROHG� 
super-conducting cryogenic magnetometer (hard-lined to a 
3'3���FRPSXWHU�DQG�ODWHU�WR�DQ�$SSOH�,,��ZLWK�RQ�OLQH�SORW-
WHUV� DQG� SULQWHU� ZDV� SXUFKDVHG� LQ� WKH� HDUO\� ����V�� 2WKHU�
HTXLSPHQW� LQFOXGHG� D� ODUJH� ORZ�¿HOG� RYHQ� IRU� WKHUPDO�
demagnetization.

When the cores reached the Lab many procedures were 
necessary before the results could be analyzed, studied, plot-
WHG�� UXPLQDWHG� XSRQ� DQG� UHSRUWV�¿QDOO\�ZULWWHQ��7KH� FRUHV�
ZHUH�¿UVW�FXW� �)LJXUH���� WR�¿W� WKH�VXSHUFRQGXFWLQJ�PDJQH-
WRPHWHU� FRUH�KROGHUV�� 6HYHUDO� PHDVXUHPHQWV� RI� HDFK� FRUH�
were made and, for this magnetometer only, were simultane-
RXVO\�VHQW�WR�DQ�DWWDFKHG�FRPSXWHU�IRU�UHFRUGLQJ��GLDJUDPV�
were plotted and the determination of position on a world 
map was done automatically. Data from the other magne-
tometers were recorded and inputted manually. If the results 
appeared “skewed,” the cores were subjected to thermal de-
magnetization, and progressively subjected to temperatures 
up to 550 degrees F in an attempt to determine the original 
direction. It then became the task of the geologist to inter-
pret, compile the many measurements and decide where 
to place more accurately the particular set of cores on the 
present-day world map. Igneous samples remagnetized by 
lightning could in some cases have the lightning-induced 
magnetization removed by applying progressively more in-
WHQVH�DOWHUQDWLQJ�HOHFWURPDJQHWLF�¿HOGV�

During many summers, staff at the Lab included graduate 
students from Cal Tech and other students associated with 
'U��(XJHQH�6KRHPDNHU¶V�SDOHRPDJQHWLVP�UHVHDUFK�SURMHFWV��
7KH\� OHDUQHG� WKH� WHFKQLTXHV�QHFHVVDU\� IRU�HYDOXDWLQJ� WKHLU�
sampling results and at least two now have college labora-
WRULHV�RI� WKHLU�RZQ��-RH�.LUVFKYLQN�DW�&DO�7HFK��DQG�7XOOLV�
2QVWRWW�DW�3ULQFHWRQ��'DYLG�9DQ�$OVWLQH�FRQWLQXHG�LQ�WKH�¿HOG��
IRXQGLQJ�$SSOLHG�3DOHRPDJQHWLFV��,QF��LQ�������0DQ\�RWK-
HUV��LQFOXGLQJ�0LFKDHO�3XUXFNHU��'XDQH�&KDPSLRQ��6WHSKHQ�
*LOOHWW��DQG�.HQQHWK�7DQDND��SXEOLVKHG�WKHLU�SDOHRPDJQHWLF�
VWXGLHV�DQG�DUH�VWLOO�SXUVXLQJ�VFLHQWL¿F�FDUHHUV��2WKHU�ZRUN-
HUV��IRU�ERWK�/DE�DQG�¿HOGZRUN��ZHUH�UHFUXLWHG�IURP�WKH�HDUWK�
science students at Northern Arizona University.  They were 
KLUHG�XQGHU�WKH�DXVSLFHV�RI�D�8�6�*�6��VXEVLGL]HG�SURJUDP��
0�3�(�6�� �0LQRULW\� 3DUWLFLSDWLRQ� LQ� WKH� (DUWK� 6FLHQFHV�� WR�
encourage minorities and females to study earth science.

7KH�/DE¶V�¿UVW�VDPSOLQJ�H[SHGLWLRQ�ZDV�D�KLNH�GRZQ�WKH�
SRRUO\�PDUNHG�7DQQHU�7UDLO�LQ�*UDQG�&DQ\RQ�1DWLRQDO�3DUN�
LQ�$SULO�RI�������(OVWRQ��VRQV�*HRII�DQG�-D\��DQG�*DU\�6FRWW�
started down with food, water, drill, sampling kit, and high 
KRSHV��7KH\�HPHUJHG� WZR�GD\V� ODWHU�ZLWK����SOXV� VDPSOHV�
�)LJXUH� ���� ,Q� WKH� VXPPHU� RI� ������ D� GHWDLOHG� PDJQHWR-
stratigraphic study of the Triassic Moenkopi sandstone at 
*UD\�0RXQWDLQ��$UL]RQD��ZDV�EHJXQ�ZLWK�6KRHPDNHU�� DQG�
0LFKDHO�3XUXFNHU��D�JUDGXDWH�VWXGHQW�DW�&DO�7HFK��7KLV�VWXG\�
DORQH�UHVXOWHG�LQ�PRUH�WKDQ�¿YH�PDMRU�SXEOLFDWLRQV�
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Figure 2. A core after 
cutting, ready for 
measuring.

Figure 3. Sampling kit.

Figure 4. Spinner magnetometer.
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Figure 5. Astatic magnetometer. Figure 6. Core cutting equipment.

Figure 7. Easy access to outcrops is not 
a requirement. Don Elston drilling in 
the Grand Canyon.
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At least eighteen research-river trips and one helicopter 
WULS� LQ� WKH� *UDQG� &DQ\RQ� ������������ \LHOGHG� WKRXVDQGV�
of core samples that were measured and worked on in the 
/DERUDWRU\� �ZH� WKDQN� WKH�*UDQG�&DQ\RQ�1DWLRQDO�3DUN� IRU�
SHUPLVVLRQ� WR� UXQ�UHVHDUFK� WULSV�DQG�VDPSOH� LQ� WKH�*&13���
The river trips lasted about 18 days each with 15-18 people 
RQ�D�����PLOH�MRXUQH\�GRZQ�WKH�&RORUDGR�5LYHU�IURP�/HH¶V�
)HUU\�WR�'LDPRQG�&UHHN��6WRSV�ZHUH�PDGH�DW�SUH�GHWHUPLQHG�
locales where outcrops were sampled over the course of one 
to three days per stop. These studies focused primarily on the 
SUH�&DPEULDQ�URFNV��PRUH�SUHFLVHO\��WKH�UHG�'R[�6DQGVWRQH��
which is clearly visible from the eastern Canyon rim just 
XQGHU�WKH�³*UHDW�8QFRQIRUPLW\�´�6RPH�RWKHU�$UL]RQD�ORFDOL-
ties studied were the Verde Valley-Hackberry Mountain area, 
the Devonian strata of central Arizona and the pre-Cambri-
DQ�URFNV�RI� WKH�0D]DW]DO�0RXQWDLQV�� �D�KLNLQJ��SDFN±KRUVH�
WULS� EHFDXVH� RI� WKH�:LOGHUQHVV� VWDWXV� RI� WKH� DUHD��� 7KH� UH-
VXOWLQJ� UHSRUWV� ZHUH� SXEOLVKHG� LQ� SHHU�UHYLHZHG� VFLHQWL¿F�
journals. Two major publications should be mentioned: the 
³*XLGHERRN�WR�WKH�*HRORJ\�RI�WKH�*UDQG�&DQ\RQ´�SXEOLVKHG�
LQ�������DQG�LQ�������WKH�*HRORJLFDO�6RFLHW\�RI�$PHULFD�SXE-
OLVKHG�9ROXPH�&���LQ�WKH�'HFDGH�RI�1RUWK�$PHULFDQ�*HRORJ\�
6HULHV��ZKLFK�FRQWDLQV�WKUHH�DUWLFOHV�FR�DXWKRUHG�E\�(OVWRQ�

$�1DWLRQDO�6FLHQFH�)RXQGDWLRQ�VSRQVRUHG�SURMHFW� LQ� WKH�
����V� OHG� WR� DW� OHDVW� ¿YH� VDPSOLQJ� WULSV� DQG� FROOHFWLRQ� RI�
hundreds of samples from Taylor Valley, one of the so-called 
“Dry Valleys” in Antarctica. They were called that because 
the glacial ice does not accumulate there and the ground is 
barren most of the year. The samples were processed and 
reports were written on the samples, which were stored in 
the Elston freezer and transported to the Lab for measuring. 
6RPH� RI� WKHVH� VDPSOHV� ZHUH� FROOHFWHG� DV� GHVFULEHG� SUHYL-
ously. Others were taken from cores drilled by the sampling 
teams in Antarctica during a cooperative project with New 
=HDODQG¶V�'HSDUWPHQW�RI�6FLHQWL¿F�DQG�,QGXVWULDO�5HVHDUFK²
$QWDUFWLF� 'LYLVLRQ� �)LJXUH� ���� $GGLWLRQDOO\�� VDPSOHV� ZHUH�
WDNHQ�IURP�FRUHV�GULOOHG�E\� WKH�'U\�9DOOH\�'ULOOLQJ�3URMHFW�
�'9'3���5HVXOWV�IURP�$QWDUFWLFD�ZHUH�SXEOLVKHG�LQ�8�6��DQG�
1HZ�=HDODQG�SXEOLFDWLRQV�

Elston was involved in other foreign cooperative projects 
during the Lab’s existence. He was invited to visit Hungary to 
study three continuous deeply drilled cores by the Hungarian 
*HRORJLFDO� 6XUYH\� �0$),��� DQG� VSHQW� VHYHUDO� PRQWKV� LQ�
Budapest, over the span of about ten years, working on the 
cores and preparing papers with his Hungarian counterparts. 
An invitation to China resulted in two sampling trips to North 
DQG� 6RXWK� &KLQD�� DQG� SUHOLPLQDU\� UHVXOWV� ZHUH� SXEOLVKHG�
LQ�&KLQHVH��$� SURMHFW�ZLWK� VHYHUDO� JHRORJLVWV� RI� WKH�8665�
$FDGHP\�RI�6FLHQFHV�UHVXOWHG�LQ�D�PRQWK�ORQJ�VDPSOLQJ�WULS�
WR�WKH�/HQD�5LYHU�LQ�QRUWKHUQ�6LEHULD�LQ�WKH�VXPPHU�RI�������
results were not published because of time constraints.

7KH�86*6�/DERUDWRU\�KRVWHG�PDQ\�IRUHLJQ�VFLHQWLVWV�GXU-
ing its existence, including two from China who each spent 
six months processing samples obtained during the two sam-
pling trips to that country. They lived at the FVEF while in 
WKH�8QLWHG�6WDWHV��2WKHU�FRXQWULHV�UHSUHVHQWHG�ZHUH�+XQJDU\��
)UDQFH��DQG�1HZ�=HDODQG��6DPSOHV�IURP�WULSV�WR�3RODQG�DQG�

1HZ�=HDODQG�GLG�QRW� UHVXOW� LQ�SXEOLFDWLRQV�EHFDXVH� WKH� LQ-
formation obtained was incoherent. The foreign guests from 
+XQJDU\��&KLQD��DQG�1HZ�=HDODQG�QRZ�KDYH�SDOHRPDJQHWLFV�
ODERUDWRULHV�LQ�WKHLU�FRXQWULHV��)UDQFH�DOUHDG\�KDG�RQH��DV�D�
result of their visits to the FVEF. We like to think that the 
HDUO\� FRQWDFWV�ZLWK�&KLQD�� WKH� IRUPHU�8665�� DQG�+XQJDU\�
made a small contribution to the ongoing international coop-
eration among scientists of diverse ideologies.

The Lab operated until its closure in the fall of 1991. The 
SK\VLFDO�HTXLSPHQW�ZDV� WUDQVIHUUHG�WR� WKH�86*6�IDFLOLW\�DW�
the Denver Federal Center, where it was used until 1995 
ZKHQ� LW�ZDV� SODFHG� RQ� WKH� ³VXUSOXV� OLVW´� �5H\QROGV� �������
Elston continued his studies, and papers were published af-
ter his retirement, including a comprehensive paper on the 
%HOW�6XSHUJURXS�RI�0RQWDQD�DQG�&DQDGD�LQ�������7KLV�ZDV�
made possible by the very able contributions of, and col-
ODERUDWLRQ� ZLWK�� 5DQG\� (QNLQ� RI� WKH� &DQDGLDQ� *HRORJLFDO�
6XUYH\��7KH�SURGXFWV�RI�WKH�)ODJVWDII�86*6�3DOHRPDJQHWLFV�
Laboratory were its publications, which contributed to the 
VFLHQFH� RI� SDOHRPDJQHWLVP�� DQG� WKH� FRQ¿UPDWLRQ� RI� WKH�
WKHRU\�RI�FRQWLQHQWDO�GULIW�� �7KH�SDSHUV�RQ�WKH�3UHFDPEULDQ�
*UDQG�&DQ\RQ�6XSHUJURXS�DQG�%HOW�6XSHUJURXS�RI�0RQWDQD�
DQG�,GDKR�KHOSHG�¿OO�D�YRLG�LQ�WKH�HDUO\�JHRORJLF�KLVWRU\�RI�
those localities.

Figure 8. Drilling in Antarctica.
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 A Magnetometer in place at FVEF headquarters.

Unfortunately few pictures were 
taken inside the lab during its 
history. The few existing are in the 
Donald Elston Collection at Special 
Collections, Cline Research Library, 
Northern Arizona University, 
Flagstaff, AZ. The collection was 
donated to the Cline Library after 
Dr. Elston’s death in 2006, and 
contains slides and photographs 
of geologic interest in Arizona, 
Colorado, and adjacent states.
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5H\QROGV��5LFKDUG�/��������3HUVRQDO�FRPPXQLFDWLRQ�
6FRWW��*DU\��������3HUVRQDO�FRPPXQLFDWLRQ�
6KRHPDNHU��(�0���(OVWRQ��'�3���+HOVOH\��&�(�������'HSRVLWLRQDO�

history of the Moenkopi Formation in light of its 
PDJQHWRVWUDWLJUDSK\��$QQ��0WJ��*HRORJLFDO�6RFLHW\�RI�$PHULFD��
$EVWUDFWV�ZLWK�3URJUDPV����������������

7DQDND��.�/���2QVWRWW��7�&���6KRHPDNHU��(�0��������
0DJQHWRVWUDWLJUDSK\�RI�WKH�6DQ�)UDQFLVFR�9ROFDQLF�)LHOG��
$UL]RQD��8�6��*HRORJLFDO�6XUYH\�%XOO�����������S�

The content of this paper reflects the views of the author(s), who are 
responsible for the facts and accuracy of the information presented 
herein.
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Introduction

Information on the growth of forest plantations is necessary 
for planning of ecosystem-based management of the planta-
WLRQV��7KLV�LQIRUPDWLRQ�LV�DOVR�XVHIXO�LQ�YDOLGDWLQJ�RU�UH¿QLQJ�
computer simulators that estimate plantation growth into the 
IXWXUH��6XFK�JURZWK�LQIRUPDWLRQ�KDV�EHHQ�REWDLQHG�IURP�D�SRQ-
GHURVD�SLQH�SODQWDWLRQ� ORFDWHG�����NP����PLOHV��QRUWK�RI� WKH�
)RUW�9DOOH\�([SHULPHQWDO�)RUHVW�KHDGTXDUWHUV�DQG�DERXW����NP�
����PLOHV��QRUWK�RI�)ODJVWDII��$UL]RQD��,W�ZDV�HVWLPDWHG�IURP�
early planting histories in the area that this plantation is ap-
proximately 45 years of age.

Study Protocol
7KH�����KD������DFUH��SODQWDWLRQ��ORFDWHG�LQ�WKH�+DUW�3UDLULH�

area, is similar in structure to other ponderosa pine plantations 
HVWDEOLVKHG�E\� WKH�8�6��)RUHVW�6HUYLFH� LQ� WKH� HDUO\�����V� WR�
reforest sites where the forest overstory had been destroyed 
E\� ZLOG¿UH�� 7KH� SODQWDWLRQ� LV� ������ P� ������� IW�� LQ� HOHYD-
tion, located on basaltic soils, with slopes less than 5 percent. 
$QQXDO�WHPSHUDWXUH�DW�WKH�QHDUE\�)RUW�9DOOH\�KHDGTXDUWHUV�DY-
erages 6º�&����º�)���UDQJLQJ�IURP���º C (25º�)��LQ�-DQXDU\�WR�
��º�&����º�)�� LQ�-XO\� �5RQFR�DQG�RWKHUV��������$YHUDJH�DQ-
QXDO�SUHFLSLWDWLRQ�LV�DERXW�����PP�����LQFKHV���ZLWK�RQH�WKLUG�
of the precipitation occurring in the summer monsoons. The 

Growth of a 45-Year-Old Ponderosa Pine Plantation: An 
Arizona Case Study

Peter F. Ffolliott, School of Natural Resources, University of Arizona, Tucson, 
AZ; Gerald J. Gottfried, USFS, Rocky Mountain Research Station, 
Phoenix, AZ; Cody L. Stropki, School of Natural Resources, University 
of Arizona, Tucson, AZ; and L. J. Heidmann, USFS (ret.), Rocky 
Mountain Research Station, Flagstaff, AZ

Abstract—Information on the growth of forest plantations is necessary for planning of 
ecosystem-based management of the plantations. This information is also useful in validat-
ing or refining computer simulators that estimate plantation growth into the future. Such 
growth information has been obtained from a 45-year-old ponderosa pine (Pinus ponderosa) 
plantation in the Hart Prairie area north of the Fort Valley Experimental Forest headquarters. 
Average annual growth in terms of number of trees, basal area, and volume was obtained. 
Growth information such as that obtained on this plantation is crucial to planning of long-
term forest management activities.

HVWLPDWHG�VLWH�LQGH[�RI����P�����IW��DW�����\HDUV��0LQRU�������
LV�HTXLYDOHQW�WR�WKH�6RXWKZHVWHUQ�5HJLRQ¶V�6LWH�&ODVV���GHVLJ-
QDWLRQ��6FKXEHUW��������0RUH�WKDQ�WZR�WKLUGV�RI�WKH�SRQGHURVD�
SLQH�IRUHVWV� LQ�WKH�+DUW�3UDLULH�YLFLQLW\�DUH�IRXQG�ZLWKLQ�WKLV�
site class.

$JH� DQG� TXDOLW\� RI� WKH� VHHGOLQJV� SODQWHG� E\� WKH� )RUHVW�
6HUYLFH�LQ�HVWDEOLVKLQJ�WKH�SODQWDWLRQ��WKH�VLWH�SUHSDUDWLRQ�WHFK-
QLTXHV�DSSOLHG��WKH�SODQWLQJ�PHWKRGV�XVHG��DQG�LQLWLDO�VXUYLYDO�
of the seedlings are unknown. However, surviving trees when 
WKH�SODQWDWLRQ�ZDV�PHDVXUHG�LQ������ZHUH�VSDFHG�����P����IW��
DSDUW�LQ�SDUDOOHO�URZV�ZLWK�����P����IW��LQWHUYDOV�EHWZHHQ�WKH�
URZV��'LDPHWHU�EUHDVW�KHLJKW��GEK��RI�WKHVH�WUHHV�ZDV�PHDVXUHG�
by standard procedures. Total height measurements taken on a 
VXE�VDPSOH�RI����WUHHV�LQGLFDWHG�WKDW�WKH�GEK�KHLJKW�UHODWLRQ-
VKLS�HVWDEOLVKHG�LQ�D�QHDUE\����\HDU�ROG�SODQWDWLRQ��+HLGPDQQ�
DQG�RWKHUV�������DOVR�DSSOLHG�LQ�WKH�SODQWDWLRQ�LQ�WKH�FXUUHQW�
study. The dbh measurements and dbh-height relationship 
were used to calculate basal area and volume of the measured 
WUHHV��$� IRUPXOD� IRU� \RXQJ�JURZWK� �EODFNMDFN�� VRXWKZHVWHUQ�
SRQGHURVD�SLQH�WUHHV��0\HUV�������ZDV�DSSOLHG�LQ�WKH�YROXPH�
calculation.

Results

$� WRWDO�RI������� WUHHV� �HTXLYDOHQW� WR����� VWHPV�KD� >������
VWHPV�DFUH@��ZHUH�PHDVXUHG�LQ�WKH�SODQWDWLRQ��$YHUDJH�GEK�RI�
WKHVH�WUHHV�ZDV������FP������LQFKHV���ZLWK�D�UDQJH�RI�YDOXHV�
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IURP�����WR������FP������WR������LQFKHV���$YHUDJH�EDVDO�DUHD�
ZDV������P2�KD��������IW2�DFUH��DQG�DYHUDJH�YROXPH�ZDV������
m��KD� ��������� IW��DFUH��� 5HVSHFWLYH� IUHTXHQFLHV� RI� ����FP�
���LQFK��GEK�YDOXHV�DSSUR[LPDWHG�VOLJKWO\�VNHZHG�EHOO�VKDSHG�
GLVWULEXWLRQV� IRU� WKHVH�SDUDPHWHUV� �)LJXUH�����+HLGPDQQ�DQG�
RWKHUV��������UHSRUWHG�VLPLODU�GLVWULEXWLRQV�IRU�GEK�DQG�YROXPH�
LQ�WKHLU�VWXG\�RI�WKH�QHDUE\�SODQWDWLRQ��D�IUHTXHQF\�GLVWULEXWLRQ�
for basal area values was not included in the latter study.

Assuming that the estimated age is correct and that tree 
PRUWDOLW\�KDV�EHHQ�LQVLJQL¿FDQW��DYHUDJH�DQQXDO�JURZWK�UDWHV�
VLQFH�HVWDEOLVKPHQW�RI�WKH�SODQWDWLRQ�VWXGLHG�ZHUH������P2�KD�
������IW2�DFUH��RI�EDVDO�DUHD�DQG������P��KD�������IW��DFUH��RI�
volume, respectively. Both of these values were larger than 
WKRVH� UHSRUWHG� IRU� WKH� ���\HDU�ROG� SRQGHURVD� SLQH� SODQWD-
WLRQ��+HLGPDQQ�DQG�RWKHUV��������7KH�DYHUDJH�DQQXDO�EDVDO�
area and volume growth rates for this latter plantation were 
0.45 m2�KD�������IW2�DFUH��DQG������P��KD�������IW��DFUH���UH-
spectively. However, inferences on comparative growth rates 
for the two plantations must be made in relation to the differ-
ing histories of the plantations.

The plantation measured in this current study was 15 years 
ROGHU�ZKHQ�LW�ZDV�PHDVXUHG�LQ������WKDQ�WKH�SODQWDWLRQ�PHD-
sured by Heidmann and others. It was not surprising, therefore, 
WKDW� ODUJHU� WUHHV� �XS� WR������FP�>����� LQFKHV@�GEK��ZHUH� WDO-
OLHG� LQ� WKH� IRUPHU� WKDQ� LQ� WKH� ODWWHU� ������ FP� >����� LQFKHV@�
GEK���)XUWKHUPRUH��D�SUHFRPPHUFLDO� WKLQQLQJ�ZDV�FRQGXFWHG�
LQ�WKH�SODQWDWLRQ�PHDVXUHG�E\�+HLGPDQQ�DQG�RWKHUV��������LQ�
1984—about 20 years following its establishment—removed 
DQ� HVWLPDWHG� ���� VWHPV�KD� ����� VWHPV�DFUH��� ,I� WUHH�PRUWDO-
ity from the time of the precommercial thinning to when the 
plantation was measured by Heidmann and his colleagues was 
DOVR�LQVLJQL¿FDQW��DERXW����SHUFHQW�RI�WKH�WUHHV�ZHUH�UHPRYHG�
from the plantation by the thinning operation. There had been 
no thinning or other silvicultural treatments imposed in the 
45-year-old plantation studied since its establishment.

Discussion
Average dbh and tree density information can be used with 

stand and growing stock tables that predict the conditions of 
fully stocked even-aged stands with average dbh values up 
WR�DOPRVW����FP�����LQFKHV���0\HUV�������5RQFR�DQG�RWKHUV�
������ 6FKXEHUW� ������� *URZLQJ� VWRFN� OHYHOV� DUH� QXPHULFDO�
LQGLFHV� GHVLJQDWLQJ� WKH� EDVDO� DUHD� OHYHO� LQ� VTXDUH�PHWHU� SHU�
KHFWDUH��VTXDUH�IHHW�SHU�DFUH��WKDW�D�UHVLGXDO�VWDQG�KDV²RU�ZLOO�
have—when the average dbh of the stand is 25.4 cm (10 inch-
HV���7KH����\HDU�ROG�SODQWDWLRQ�LQ�WKLV�VWXG\��ZLWK�LWV�DYHUDJH�
GEK�RI������FP������LQFKHV��DQG�GHQVLW\�RI�����VWHPV�KD��������
VWHPV�DFUH��KDV�D�JURZLQJ�VWRFN�OHYHO�LQ�H[FHVV�RI������P2�KD�
(120 ft2�DFUH��DFFRUGLQJ�WR�WKH�WDEOHV��0DQDJHUV�FRXOG�XVH�WKLV�
information to reduce the current stocking of the plantation to 
DFKLHYH�D�JURZLQJ�VWRFN�OHYHO�RI������P2�KD�����IW2�DFUH��WKDW�

is more consistent with optimizing the range of resources in 
VRXWKZHVWHUQ�SRQGHURVD�SLQH�IRUHVWV�LQFOXGLQJ��SRWHQWLDO��WLP-
ber production, forage production, and the augmentation of 
ZDWHU�\LHOG��%URZQ�DQG�RWKHUV��������7KH�FXUUHQW�EDVDO�DUHD�RI�
WKH����\HDU�ROG�SODQWDWLRQ�VKRXOG�EH�UHGXFHG�IURP������P2�KD�
(142.5 ft2�DFUH��WR������P2�KD�������IW2�DFUH��DQG�WKH�WUHH�GHQVLW\�
WR�����VWHPV�KD������VWHPV�DFUH��WR�DFKLHYH�WKLV�JRDO�

Summary
The 45-year-old plantation studied is representative of 

PDQ\�RI�WKH�UHIRUHVWDWLRQ�HIIRUWV�RI�WKH�8�6��)RUHVW�6HUYLFH�LQ�
southwestern ponderosa pine forests. However, with only few 
exceptions, growth information for these plantations is limited. 
One exception is the information provided by Heidmann and 
RWKHUV� ��������*URZWK� LQIRUPDWLRQ� LV� FUXFLDO� WR� SODQQLQJ� RI�
long-term forest management activities to attain ecosystem-
EDVHG�� PXOWL�EHQH¿W� JRDOV� LQ� VRXWKZHVWHUQ� SRQGHURVD� SLQH�
forests.
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The content of this paper reflects the views of the author(s), who are 
responsible for the facts and accuracy of the information presented 
herein.
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Figure 1. Frequency distributions of the number of trees (top), basal area (middle), and volume 
(bottom) of the Hart Prairie Ponderosa Pine Plantation by 2.5 cm (1 inch) dbh classes.



178 USDA Forest Service RMRS-P-55.  2008.

In: 2OEHUGLQJ��6XVDQ�'���DQG�0RRUH��0DUJDUHW�0���WHFK�FRRUGV��������)RUW�9DOOH\�([SHULPHQWDO�)RUHVW²$�&HQWXU\�RI�5HVHDUFK������������
3URFHHGLQJV�5056�3�����)RUW�&ROOLQV��&2��8�6��'HSDUWPHQW�RI�$JULFXOWXUH��)RUHVW�6HUYLFH��5RFN\�0RXQWDLQ�5HVHDUFK�6WDWLRQ������S�

Introduction

The roundheaded pine beetle, Dendroctonus adjunctus 
�&ROHRSWHUD�� &XUFXOLRQLGDH�� 6FRO\WLQDH��� LV� DQ� DJJUHVVLYH�
EDUN� EHHWOH� �1HJUyQ� ������ 1HJUyQ� DQG� RWKHUV� ������ WKDW�
attacks several species of pine throughout its range from 
VRXWKHUQ�8WDK�DQG�&RORUDGR�VRXWK�WR�*XDWHPDOD��&KDQVOHU�
�������Dendroctonus adjunctus has periodic outbreaks that 
cause extensive tree mortality in the southwestern United 
6WDWHV� �1HJUyQ�������1HJUyQ�DQG�RWKHUV��������2XWEUHDNV�
have been associated with dense stand conditions and 
GURXJKW� �1HJUyQ�������1HJUyQ�DQG�RWKHUV��������ZKLFK� LV�
similar to other Dendroctonus species (Fettig and others 
�������+RVW�VHOHFWLRQ�E\�EDUN�EHHWOHV�IRU�VSHFL¿F�WUHHV�ZLWKLQ�
WKHVH�GHQVH�VWDQGV�UHPDLQV�XQFOHDU��:RRG��������0XOWLSOH�
hypotheses have been presented to describe the mechanisms 
GULYLQJ�EDUN�EHHWOH�KRVW�VHOHFWLRQ��7KHVH� LQFOXGH����� ORFDW-
ing damaged or diseased trees by the volatile chemicals they 
HPLW��%\HUV�������+RIVWHWWHU�DQG�RWKHUV�������:RRG��������
���DWWUDFWLRQ�RU�UHSXOVLRQ�FDXVHG�E\�PRQRWHUSHQHV�UHOHDVHG�
E\�WUHHV��%\HUV�������(O�6D\HG�DQG�%\HUV�������)HWWLJ�DQG�
RWKHUV�������+RIVWHWWHU�DQG�RWKHUV�������:RRG�����������DW-
traction to aggregation pheromones released by beetles of 
the same species or to volatiles produced by competing in-
sect species during colonization (Byers 1995, Hofstetter and 
RWKHUV�������:RRG��������DQG����EDUN�EHHWOHV�FKRRVH�WUHHV�

The Resin Composition of Ponderosa Pine (Pinus ponderosa) 
Attacked by the Roundheaded Pine Beetle (Dendroctonus 

adjunctus) (Coleoptera: Curculionidae, Scolytinae)

Melissa J. Fischer, Kristen M. Waring, Richard W. Hofstetter, and Thomas 
E. Kolb, School of Forestry, Northern Arizona University, Flagstaff, AZ

Abstract—Dendroctonus adjunctus is an aggressive bark beetle species that attacks several 
species of pine throughout its range from southern Utah and Colorado south to Guatemala. 
A current outbreak of D. adjunctus provided a unique opportunity to study the relationship 
between this beetle and pine resin chemistry in northern Arizona. We compared the resin 
composition of trees that had been attacked by D. adjunctus compared with unattacked 
trees and found significant differences in the composition of the monoterpenes ƴ-pinene, 
ß-pinene, myrcene and limonene between attacked and unattacked trees. Attacked trees 
contained significantly higher percentages of ƴ-pinene, myrcene, and limonene, but lower 
levels of ß-pinene when compared to unattacked trees. Although it is unknown whether D. 
adjunctus prefers or is repelled by trees with specific monoterpene content, our results sug-
gest that D. adjunctus may use specific chemical cues in host tree selection.

IRU�DWWDFN�UDQGRPO\��%\HUV�������:RRG��������)LQDOO\��VWDQG�
FRQGLWLRQV�PD\�DIIHFW�KRVW�VHOHFWLRQ�RQ�D�ODUJHU�VFDOH��IRU�H[-
ample, microclimate and tree vigor vary with stand density 
and may partially determine which stands will be attacked 
�)HWWLJ�DQG�RWKHUV�������0LOOHU�DQG�.HHQ�������:RRG�������

The resin of conifers contains monoterpenes that have 
been found to both attract and repel bark beetles (Byers 
������ (O�6D\HG� DQG� %\HUV� ������ )HWWLJ� DQG� RWKHUV� ������
+RIVWHWWHU� DQG� RWKHUV� ������ 6PLWK� ������ 6WXUJHRQ� �������
6RPH� FRPPRQ� PRQRWHUSHQHV� IRXQG� ZLWKLQ� UHVLQ� LQFOXGH�
α�SLQHQH����SLQHQH��DQG� OLPRQHQH� �/DWWD�DQG�RWKHUV��������
Which monoterpenes repel or attract bark beetles is still 
uncertain, even among the most well-studied bark beetle 
VSHFLHV��(O�6D\HG�DQG�%\HUV��������6WXGLHV�RQ�KRVW�PRQR-
terpene and bark beetle interactions have been inconclusive. 
For example, lodgepole pines with high levels of limonene 
were readily attacked and killed by D. ponderosae (Byers 
�������FRQYHUVHO\��SRQGHURVD�SLQHV�ZLWK�KLJK�OHYHOV�RI�OLPR-
nene were not attacked by D. brevicomis��6WXUJHRQ�������

The overall goal of this project is to gain a better un-
derstanding of host selection behavior of bark beetles. We 
use D. adjunctus—ponderosa pine as a model system to 
investigate:

1. If attacked trees exhibit different size, resin composition, 
growth rate, crown characteristics, or phloem thickness 
WKDQ�XQDWWDFNHG�WUHHV�
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2. If beetles cause changes in tree resin composition 
IROORZLQJ�DWWDFN��DQG

��� If surrounding forest stand density is correlated with 
beetle attacks in northern Arizona. 

In this paper, we test the hypothesis that attacked trees 
H[KLELW� D� GLIIHUHQW� UHVLQ� FRPSRVLWLRQ�� VSHFL¿FDOO\�PRQRWHU-
penes, than unattacked trees. 

Materials and Methods

Study Area

The study was located near Flagstaff, Arizona, approxi-
PDWHO\� ����� NP� ������PLOHV�� QRUWK� RI� WKH� )ODJVWDII�1RUGLF�
&HQWHU�� 7ZHQW\�¿YH� SDLUV� RI� ³DWWDFNHG´� DQG� ³XQDWWDFNHG´�
SRQGHURVD�SLQH�WUHHV�����WUHHV�WRWDO��ZHUH�VHOHFWHG�LQ�������
3DLUHG�WUHHV�ZHUH�VLPLODU� LQ�GLDPHWHU�DW�EUHDVW�KHLJKW��GEK��
�7DEOH����DQG�ORFDWLRQ��ZLWK�WKH�JUHDWHVW�GLVWDQFH�EHLQJ������
P� ������IW�� DSDUW�� 1XPHURXV� SLWFK� WXEHV� DQG� WKH� SUHVHQFH�
of frass were used to identify successfully attacked trees 
�&KDQVOHU� ������1HEHNHU� ������ 6PLWK� ������� EDUN�ZDV� UH-
moved and galleries inspected on a sub-sample of trees to 
FRQ¿UP� EHHWOH� LGHQWL¿FDWLRQ�� 7UHHV� VHOHFWHG� DV� XQDWWDFNHG�
KDG�QR�SLWFK�WXEHV�DQG�RU�IUDVV��$WWDFNV�E\�WKH�ZHVWHUQ�SLQH�
beetle (D. brevicomis��ZHUH�DOVR�SUHVHQW�RQ�VLWH��:H�GLIIHU-
entiated between trees attacked solely by D. adjunctus and 
D. brevicomis by the size of the pitch tubes on the bole of at-
tacked trees (D. brevicomis attacked trees have smaller pitch 
WXEHV�� DQG� ORFDWLRQ� RI� SLWFK� WXEHV� RQ� WKH� EROH� �SLWFK� WXEHV�
caused by D. brevicomis tend to be higher on the bole than 
those caused by D. adjunctus���:H�GLG�QRW�VHOHFW� WUHHV� WKDW�
had signs of only D. brevicomis attack.

'XULQJ�6HSWHPEHU�������WKH�EDUN�DQG�SKORHP�RI�HDFK�WUHH�
ZDV�SXQFKHG�DW�EUHDVW�KHLJKW� ������P��XVLQJ�D�QXPEHU�¿I-
WHHQ���FP�������LQFKHV��PHWDO�SXQFK�DQG�D�JODVV�YLDO�LQVHUWHG�
to collect resin. The glass vials were then removed from the 
trees and moved to cold storage prior to composition analy-
VLV��5HVLQ�FROOHFWLRQ�FRUUHVSRQGHG�WR�D. adjunctus�IDOO�ÀLJKW��
trees that were chosen as pairs were in the process of be-
LQJ�DWWDFNHG�ZKHQ�UHVLQ�ZDV�FROOHFWHG��5HVLQ�ZDV�DQDO\]HG�
for total monoterpene content and composition using gas 
chromatography by the Analytical Chemical Laboratory at 
Northern Arizona University. Because some of the trees had 
QR�ÀRZLQJ�UHVLQ�DW�WKH�WLPH�RI�FROOHFWLRQ�DQG�RWKHUV�GLG�QRW�
SURGXFH�HQRXJK�UHVLQ�WR�EH�DQDO\]HG��RQO\�UHVLQ�IURP����RI�
WKH�DWWDFNHG�WUHHV�DQG����RI�WKH�XQDWWDFNHG�WUHHV�ZHUH�XVHG�
for this analysis. Due to the fact that we did not have resin 
for all trees, the resin data was not analyzed as matched pairs, 
but was instead pooled by attacked or non-attacked. Data 
were not normally distributed so statistical comparisons were 
PDGH�XVLQJ�WKH�.UXVNDO�:DOOLV�WHVW�

Results

1R� VLJQL¿FDQW� GLIIHUHQFH� ZDV� IRXQG� EHWZHHQ� WKH� GLDP-
HWHUV�RI�WKH�SDLUHG�WUHHV��7DEOH����

3HUFHQWDJHV�RI�α-pinene, ß-pinene, myrcene and limonene 
ZHUH�VLJQL¿FDQWO\�GLIIHUHQW�EHWZHHQ�DWWDFNHG�DQG�XQDWWDFNHG�
WUHHV��7DEOH����.UXVNDO�:DOOLV� WHVW��S��������ZKLOH���FDUHQH�
DQG�ORQJLIROHQH�ZHUH�QRW�VLJQL¿FDQWO\�GLIIHUHQW�EHWZHHQ�WUHH�
SDLUV��7DEOH����.UXVNDO�:DOOLV�WHVW��S!�������

$WWDFNHG� WUHHV� FRQWDLQHG� VLJQL¿FDQWO\� KLJKHU� SHUFHQWDJ-
es of α-pinene, myrcene, and limonene, but lower levels of 
��SLQHQH�ZKHQ�FRPSDUHG�WR�XQDWWDFNHG�WUHHV��)LJXUH�����

Table 1. Matched pairs t-test comparing the diameters of the ponderosa pine trees 
paired as attacked and unattacked.

 Mean DBH  Mean Difference SEM 
p-value

Attacked 29.6 cm (11.65 inches) 1.12 cm (0.44 inches) 0.9392 
0.2447
Non-attacked 30.72 cm (12.09 inches)

Table 2. Results of Kruskal-Wallis tests comparing percentage monoterpene content between 
D. adjunctus attacked and unattacked ponderosa pine trees in northern Arizona. 

 α-pinene ß-pinene Myrcene 3-carene Limonene Longifolene

Chi-Square 5.591 4.828 4.646 0.036 4.206 1.738
df 1 1 1 1 1 1
Asymp. Sig. 0.018 0.028 0.031 0.850 0.040 0.187
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$OWKRXJK� ��SLQHQH� VKRZHG� D� VLJQL¿FDQW� GLIIHUHQFH� EH-
tween attacked and unattacked trees, high levels of ß-pinene 
ZHUH� QRW� IRXQG� LQ� DOO� RI� WKH� XQDWWDFNHG� WUHHV� �)LJXUH� �E���
Amount of individual monoterpenes as a percentage of the 
total monoterpene content varied between attacked and unat-
WDFNHG�WUHHV�IRU�PRVW�DQDO\]HG�PRQRWHUSHQHV��)LJXUH����

Discussion

2XU� VWXG\� GHPRQVWUDWHG� WKDW� WKHUH� DUH� VLJQL¿FDQW� GLI-
ferences in monoterpene composition between bark beetle 
attacked and non-attacked trees. Contrary to past studies on 
other bark beetle species that found high levels of myrcene 
�%\HUV� ������ DQG� OLPRQHQH� �6WXUJHRQ� ������ LQ� XQDWWDFNHG�
trees, half of our unattacked trees showed high levels of  
ß-pinene. Differences between the monoterpene composi-
tion of unattacked trees in our study compared with previous 
VWXGLHV� �%\HUV� ������ 6PLWK� ������ 6WXUJHRQ� ������ PD\� EH�
explained by geographic variation (Byers 1995, Hofstetter 
DQG�RWKHUV��������0RQRWHUSHQHV�YDU\�ZLGHO\�EHWZHHQ�JHR-
graphic regions and among trees within local populations 
of ponderosa pine (Hofstetter and others 2008, Latta and 

Figure 1. Average percent of individual monoterpenes in the total monoterpene content of D. adjunctus 
attacked and unattacked ponderosa pine trees in northern Arizona. Error bars represent 95 percent 
confidence intervals and asterisks signify significant differences (p<0.05; see text for details). 

RWKHUV�������6PLWK�������7KRVV�DQG�%\HUV��������7KXV��WKRVH�
monoterpenes shown to be important in host selection for a 
bark beetle species in one geographic region might not be at-
tractive to populations of the same species in another region 
�%\HUV�������+RIVWHWWHU�DQG�RWKHUV�������

*HQHWLF� GLIIHUHQFHV� DPRQJ� EHHWOHV� IURP� GLIIHUHQW� JHR-
JUDSKLF�UHJLRQV�PD\�UHÀHFW�WKH�YDULDWLRQ�LQ�WKH�PRQRWHUSHQH�
composition of their host as well (Byers 1995, Hofstetter 
DQG� RWKHUV� �������%DUN� EHHWOH� SRSXODWLRQV�PD\� EH� DGDSWHG�
WR�PRQRWHUSHQH� UDWLRV� VSHFL¿F� WR�JHRJUDSKLF� UHJLRQ� �%\HUV�
������+RIVWHWWHU�DQG�RWKHUV��������$V�D� UHVXOW�� WRWDO�PRQR-
terpene composition or certain ratios may be more important 
in determining host repellency than individual monoterpenes 
VXFK�DV�OLPRQHQH��%\HUV�������

Attraction of D. adjunctus to host tree compounds, includ-
ing monoterpenes, has not been previously studied (Byers 
������� 7KHUHIRUH�� ZKHWKHU� D. adjunctus prefers or is re-
SHOOHG�E\�WUHHV�ZLWK�VSHFL¿F�PRQRWHUSHQH�FRPSRVLWLRQ�LV�QRW�
known. Our results suggest that D. adjunctus, or at least this 
particular local population of D. adjunctus, may be attracted 
to or repelled from certain host tree compounds. Additional 
research has yet to be completed, including a baiting study to 
ensure that the resin composition of the trees analyzed was 
not induced by D. adjunctus attack.



USDA Forest Service RMRS-P-55.  2008. 181

Figure 2. Individual monoterpene content as a percent of total monoterpene found in D. adjunctus 
attacked and unattacked ponderosa pine trees in northern Arizona: a. α-pinene; b. β-pinene; 
c. myrcene; d. 3-carene; e. limonene and f. longifolene.
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Beginnings

Collection and use of meteorological data has always 
EHHQ�DQ�LQWHJUDO�SDUW�RI�)RUHVW�6HUYLFH�UHVHDUFK��7KH�FKDUJH�
IRU�([SHULPHQW�6WDWLRQV�WR�NHHS�PHWHRURORJLFDO�UHFRUGV�ZDV�
VSHOOHG�RXW�LQ�=RQ��������

“Meteorological observations should be made 
at the Forest Experiment Stations, not only for 
the purpose of obtaining data which will show 
WKH�LQÀXHQFH�RI�WKH�IRUHVW�RQ�YDULRXV�IDFWRUV�RI�
climate, but in order to furnish the data neces-
sary for a proper understanding of all of the 
experiments in which the climatic factor enters 
into the results.”

Following this guidance, meteorological observations at 
&RFRQLQR�([SHULPHQW�6WDWLRQ��QRZ�)RUW�9DOOH\�([SHULPHQWDO�
)RUHVW�� )9()��ZHUH� DPRQJ� WKH� ¿UVW� UHFRUGV� NHSW� E\� VWDII��
3DUWQHUVKLS�EHWZHHQ�WKH�8�6��:HDWKHU�6HUYLFH��WKHQ�:HDWKHU�
%XUHDX��DQG�WKH�8�6��)RUHVW�6HUYLFH�WKURXJK�WKH�&RRSHUDWLYH�
2EVHUYHU�3URJUDP��&223��KDV�FRQWLQXHG�IURP������WR�WKH�
present.

Early Research

$QVZHULQJ�TXHVWLRQV� DERXW� SRQGHURVD� SLQH� UHJHQHUDWLRQ�
LQ� WKH�6RXWKZHVW� �RU� ODFN� WKHUHRI��ZDV� WKH� LPSHWXV� IRU� WKH�
creation of the FVEF. Early research was tightly intertwined 

A Century of Meteorological Observations at Fort Valley 
Experimental Forest: A Cooperative Observer Program  
Success Story

Daniel P. Huebner and Susan D. Olberding, USFS, Rocky Mountain Research 
Station, Flagstaff, AZ; Byron Peterson (ret.), National Weather Service, 
(NCIUVCHH�9GCVJGT�(QTGECUV�1HğEG��$GNNGOQPV��#<; and Dino DeSimone, 
USDA Natural Resources Conservation Service, Phoenix, AZ

Abstract—Meteorological observations at Fort Valley Experimental Forest began with its es-
tablishment as early silvicultural research made heavy use of meteorological data. The Fort 
Valley weather data represent the longest climatological record for northern Arizona with 
records dating back to 1909. Importance of long-term meteorological records and access to 
the weather record are described.

with meteorological observations as illustrated by these early 
publications:
0DWWRRQ��:��5��������0HDVXUHPHQWV�RI�WKH�HIIHFWV�RI�IRUHVW�FRYHU�

XSRQ�WKH�FRQVHUYDWLRQ�RQ�VQRZ�ZDWHUV��)RUHVW�4XDUWHUO\��������
245-248.

3HDUVRQ��*��$��������$�PHWHRURORJLFDO�VWXG\�RI�SDUNV�DQG�WLPEHUHG�
areas in the western yellow-pine forest of Arizona. Monthly 
:HDWKHU�5HYLHZ����������������

-DHQLFNH��$��-���)RHUVWHU��0��+��������7KH�LQÀXHQFH�RI�D�ZHVWHUQ�
yellow pine forest on the accumulation and melting of snow. 
7KH�0RQWKO\�:HDWKHU�5HYLHZ��������������

3HDUVRQ��*��$��������7KH�UHODWLRQ�EHWZHHQ�VSULQJ�SUHFLSLWDWLRQ�
and height growth of western yellow-pine saplings in Arizona. 
-RXUQDO�RI�)RUHVWU\��������������

Parameters Measured

Various meteorological parameters have been measured at 
Fort Valley including rainfall, snowfall, air and soil tempera-
ture, humidity, evaporation and wind. Near-continuous air 
temperature and precipitation records have been maintained 
since 1909. FVEF has the longest climatological record in 
northern Arizona. 

,Q� ����� D� VQRZ� FRXUVH� ZDV� HVWDEOLVKHG� E\� WKH� 8�6��
'HSDUWPHQW� RI� $JULFXOWXUH¶V� 6RLO� &RQVHUYDWLRQ� 6HUYLFH�
�QRZ�1DWXUDO�5HVRXUFHV�&RQVHUYDWLRQ�6HUYLFH��DV�SDUW�RI�WKH�
&RRSHUDWLYH�6QRZ�6XUYH\�DQG�:DWHU�6XSSO\�)RUHFDVWLQJ�SUR-
gram. This has resulted in a data record exceeding 60 years. 
6QRZ�VXUYH\�PHDVXUHPHQW�GDWD�FROOHFWHG�DW�WKH�)RUW�9DOOH\�
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G. A. Pearson measuring water level in 
evaporation pan. USFS photo 90950 by  
A. G. Varela, 1912.

FVEF staff member Edward C. 
Martin drew this cartoon 
describing Fort Valley’s 
fluctuating weather. He began 
work at Fort Valley in the early 
1930s and retired in 1970. 
This cartoon is from the FVEF 
archives.
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snow course are used to describe current snowpack condi-
tions and to help predict snowmelt runoff. The goal of the 
6QRZ�6XUYH\�SURJUDP�LV�WR�SURYLGH�DFFXUDWH�DQG�WLPHO\�ZD-
ter resources information to help water managers and users 
make wise and informed decisions about the use of limited 
seasonal water supplies.

Modernization

The Fort Valley weather station was automated in 1994. A 
data logger was installed along with a heated tipping bucket 
rain gauge and temperature sensor, permitting these data to 
be retrieved remotely via phone line. This facilitated the con-
tinuation of the weather record since staff members were no 
longer living on site. Each half hour the most recent data is 
XSORDGHG� WR� WKH�5056�)ODJVWDII� /DE�ZHE� VHUYHU� WKDW� SHU-
PLWV� SXEOLF� DFFHVV� WR� YHU\� UHFHQW� �SURYLVLRQDO�� GDWD��7KHVH�
GDWD�FDQ�EH�DFFHVVHG�YLD� WKH�ZHE� IURP�ZZZ�UPUV�QDX�HGX�
IRUWYDOOH\���)ROORZLQJ�FKHFNV�WR�DVVXUH�TXDOLW\��WKH�GDWD�DQG�
PHWDGDWD�DUH�DYDLODEOH�IURP�WKH�5056�'DWD�$UFKLYH��KWWS���
ZZZ�IV�IHG�XV�UP�GDWDBDUFKLYH���

,Q� -XQH� RI� ����� WKH� 1DWXUDO� 5HVRXUFH� &RQVHUYDWLRQ�
6HUYLFH� LQVWDOOHG� VQRZ� WHOHPHWU\� �6127(/�� HTXLSPHQW� WR�
automate collection of snow data near the existing manual 
snow course. This exciting development will increase the fre-
TXHQF\�RI�GDWD�FROOHFWLRQ��KRXUO\��DQG�PDNH�WKHVH�GDWD�PRUH�
rapidly available to the managers, researchers and the public 

YLD�WKH�15&6�6127(/�ZHE�VLWH��KWWS���ZZZ�ZFF�QUFV�XVGD�
JRY�VQRZ���

5KIPKğECPEG

Long term meteorological records are of great value in 
many arenas of research. This is well illustrated by one of the 
more pervasive issues thus far in the 21st century—climate 
change. Much credit is due to those that foresaw the impor-
tance of meteorological observations, those that initiated the 
record keeping, and to the many people that helped keep the 
GDWD�ÀRZLQJ�RYHU�WKH�SDVW�FHQWXU\��:KLOH�IXWXUH�ODQG�PDQDJH-
ment issues and research directions are unknown it is safe 
to suggest that meteorological records will play a key role 
in many important future studies and that long term records, 
such as those from the Fort Valley weather station, will be 
particularly useful.
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FVEF weather station as it is now. March 21, 2008.Arizona snow survey. 1965 NRCS photograph.
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herein.
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Introduction

Buckbrush (Ceanothus fendleri�*UD\��LV�D�FRPPRQ�VKUXE�
found in northern Arizona ponderosa pine forests. It is ca-
SDEOH� RI� QLWURJHQ�¿[DWLRQ�� SURYLGHV� LPSRUWDQW� EURZVH� IRU�
wildlife such as mule deer (Odocoileus hemionus�� DQG� HON�
(Cervus elaphus���DQG�DGGV�VWUXFWXUDO�GLYHUVLW\� WR�SUHGRPL-
nantly herbaceous understories of these ecosystems (Allen 
������6WRU\�������8UQHVV�DQG�RWKHUV������

3ODQW�OLIH�KLVWRU\�WUDLWV�DUH�DGDSWLYH�VWUDWHJLHV�WKDW�LQÀXHQFH�
a species’ potential for survival, growth, and reproduction in 
D� FKDQJLQJ� HQYLURQPHQW� �%HOOLQJKDP� DQG� 6SDUURZ� �������
Life history traits include characteristic seed germination 
UHTXLUHPHQWV��UDWHV�RI�JURZWK�DQG�GHYHORSPHQW�RI�LQGLYLGX-
DOV��SDWWHUQV�RI�ÀRZHULQJ��DQG�UHFUXLWPHQW�RI�QHZ�LQGLYLGXDOV�
�%DUERXU�DQG�RWKHUV��������:LWK�DQ�XQGHUVWDQGLQJ�RI�KRZ�OLIH�
history traits and environmental conditions interact, models 
of long-term plant population dynamics may be constructed. 
6XFK�PRGHOV�FDQ�EH�XVHIXO�LQ�HYDOXDWLQJ�SRWHQWLDO�HIIHFWV�RI�

Dynamics of Buckbrush Populations Under Simulated Forest 
Restoration Alternatives

David W. Huffman, Ecological Restoration Institute, Northern Arizona 
University, Flagstaff, AZ; and Margaret M. Moore, School of Forestry, 
Northern Arizona University, Flagstaff, AZ

Abstract—Plant population models are valuable tools for assessing ecological tradeoffs be-
tween forest management approaches. In addition, these models can provide insight on plant 
life history patterns and processes important for persistence and recovery of populations in 
changing environments. In this study, we evaluated a set of ecological restoration alterna-
tives for their long-term effects on buckbrush (Ceanothus fendleri Gray), a shrub common 
in understories of ponderosa pine (Pinus ponderosa Laws. var. scopulorum Engelm.) forests 
of the southwestern United States. The field data were collected from a set of forest restora-
tion units located on the Fort Valley Experimental Forest. We constructed simple stage-based 
models in order to simulate 25-year population dynamics. Results showed that scenarios that 
included overstory thinning, herbivore protection, and prescribed fire resulted in buckbrush 
populations with significantly greater numbers of aboveground stems than populations in the 
other alternatives. Vegetative stem recruitment, flowering, and seedling emergence were im-
portant in producing these results. For alternatives that included protection from herbivores, 
burning at 2-year frequencies resulted in populations with significantly greater numbers of 
aboveground stems than scenarios with longer intervals between burning. In contrast, fre-
quent burning in alternatives without herbivore protection resulted in population decline. 
These results indicate that protecting buckbrush from large herbivores allowed plants to 
complete life cycles and fully express these life history traits. This research demonstrates that 
population modeling can help illuminate ecological tradeoffs associated with land manage-
ment alternatives.

various land management alternatives. Our objectives in this 
VWXG\�ZHUH�WKH�IROORZLQJ������WR�FRQVWUXFW�SRSXODWLRQ�PRGHOV�
that describe demographic responses of buckbrush to various 
treatment alternatives used to restore southwestern pondero-
VD�SLQH�IRUHVWV������WR�XVH�WKHVH�PRGHOV�WR�DQDO\]H�ORQJ�WHUP�
HIIHFWV�RI�UHVWRUDWLRQ�DOWHUQDWLYHV�RQ�EXFNEUXVK�SRSXODWLRQV��
DQG�����WR�LQWHUSUHW�PRGHO�UHVXOWV�LQ�RUGHU�WR�SURYLGH�LQIRUPD-
tion useful to ecologists and forest managers.

Methods

Demographic and Life Stage Data

To build buckbrush population models, we used life 
KLVWRU\� DQG�GHPRJUDSKLF�GDWD�GHULYHG� IURP�¿HOG� DQG� ODER-
ratory experiments conducted 1999-2002. Field experiments 
were conducted on the Fort Valley Experimental Forest 
DERXW���NP�QRUWKZHVW�RI�)ODJVWDII��:H�HVWDEOLVKHG�D�WRWDO�RI�
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210 buckbrush-centered plots in three experimental forest 
UHVWRUDWLRQ�XQLWV�DQG�WKUHH�XQWUHDWHG�XQLWV��VHH�)XOp�DQG�RWK-
HUV������IRU�IRUHVW�UHVWRUDWLRQ�H[SHULPHQW�GHWDLOV���%XFNEUXVK�
plots were 2 x 2 m in size. We randomly assigned each plot 
WR�RQH�RI�¿YH�WUHDWPHQWV������QR�WKLQQLQJ��QR�KHUELYRUH�SUR-
WHFWLRQ�� QR� SUHVFULEHG� ¿UH� �FRQWURO��� ���� RYHUVWRU\� WKLQQLQJ�
RQO\� �WKLQ�RQO\��� ����RYHUVWRU\� WKLQQLQJ�SOXV�KHUELYRUH�SUR-
WHFWLRQ��WKLQ�SURWHFW�������RYHUVWRU\�WKLQQLQJ�SOXV�SUHVFULEHG�
EXUQLQJ� �WKLQ�EXUQ��� DQG� ���� RYHUVWRU\� WKLQQLQJ� SOXV� KHUEL-
YRUH�SURWHFWLRQ�SOXV�SUHVFULEHG�EXUQLQJ� �WKLQ�SURWHFW�EXUQ���
Herbivore protection was provided by wire fence exclosures 
EXLOW�DURXQG�SORWV��3ORWV�ZHUH�EXUQHG�ZLWK�SUHVFULEHG�� ORZ�
LQWHQVLW\�¿UH�LQ�$SULO�0D\�������DQG�������)LHOG�GDWD�ZHUH�
collected each year 1999-2002 and included measurements 
RI� ÀRZHULQJ�� VHHG� SURGXFWLRQ�� VWHP� GHQVLW\�� DQG� VHHGOLQJ�
GHQVLW\��VHH�+XIIPDQ������IRU�GHWDLOV���,Q�DGGLWLRQ��VHHG�JHU-
mination characteristics, including response to heat and cold 
VWUDWL¿FDWLRQ��ZHUH�GHWHUPLQHG�LQ�WKH�ODERUDWRU\�

Simulation Modeling and Analysis

To model management effects on population dynamics, 
WKH�OLIH�F\FOH�RI�EXFNEUXVK�ZDV�VLPSOL¿HG�LQWR�IRXU�GLVFUHWH�
VWDJHV��)LJXUH�����6HHGV�DQG�DHULDO�VWHPV�ZHUH�FKRVHQ�DV�WKH�
SRSXODWLRQ�XQLWV�RI�DQDO\VLV��$HULDO�VWHPV�ZHUH�GH¿QHG�DV�LQ-
dividuals that arose singularly from the soil surface but with 
YDULRXV� DPRXQWV� RI� DERYHJURXQG� EUDQFKLQJ�� 6WDJH�EDVHG�
WUDQVLWLRQ� PDWULFHV� �&DVZHOO� ������ ZHUH� EXLOW� IURP� �����
�����¿HOG�DQG�ODERUDWRU\�GDWD��9LWDO�UDWHV�IRU�VWDJH�HOHPHQWV�
were calculated as the average of the annual changes for each 
OLIH�VWDJH�WUDQVLWLRQ�RYHU�WKH�IRXU�\HDUV�RI�¿HOG�VWXG\��6HSDUDWH�
WUDQVLWLRQ�PDWULFHV�ZHUH�FRQVWUXFWHG�IRU�EXFNEUXVK�¿HOG�GDWD�
IURP�HDFK�H[SHULPHQWDO� IRUHVW�XQLW� �Q ���DQG�ZHUH�XVHG�DV�
replicates in our analysis. Details of vital rate assumptions 
DQG�FDOFXODWLRQV�DUH�GHVFULEHG�LQ�+XIIPDQ���������%XFNEUXVK�

SRSXODWLRQ�G\QDPLFV�IRU�WKH�¿YH�PDQDJHPHQW�VFHQDULRV�ZHUH�
PRGHOHG� XVLQJ� WKH� FRPSXWHU� VRIWZDUH� 5$0$6� 0HWDSRS�
�$NoDND\D� �������0RGHO� SDUDPHWHUV�� LQFOXGLQJ� VWRFKDVWLF-
ity, initial population structure, and density dependence, are 
IRXQG� LQ�+XIIPDQ� ��������2QH�\HDU� WLPH� VWHS� DQG� ���\HDU�
GXUDWLRQ� ZDV� XVHG� IRU� DOO� VLPXODWLRQV�� 3UHVFULEHG� EXUQLQJ�
VFHQDULRV�ZHUH�PRGHOHG�E\�WUHDWLQJ�¿UH�DV�D�SUREDELOLVWLF�³FD-
tastrophe” in the plant population sense of the word (Harper 
�������,Q�\HDUV�ZKHQ�¿UH�RFFXUUHG��ZH�DGMXVWHG�YLWDO�UDWHV�WR�
UHÀHFW�YDOXHV�GHULYHG�IURP�¿HOG�DQG�ODERUDWRU\�REVHUYDWLRQV�
RI�¿UH�UHVSRQVH��,Q�DGGLWLRQ�WR�DQDO\]LQJ����\HDU�EXFNEUXVK�
G\QDPLFV�IRU�WKH�¿YH�UHVWRUDWLRQ�DOWHUQDWLYHV��ZH�DOVR�H[DP-
LQHG�HIIHFWV�RI�����������DQG����\HDU�SUHVFULEHG�¿UH�LQWHUYDOV�
for overstory thinning alternatives with and without herbi-
YRUH�SURWHFWLRQ�E\�YDU\LQJ�¿UH�SUREDELOLWLHV�LQ�RXU�PRGHO�

:H�XVHG�DQDO\VLV�RI�YDULDQFH� �$129$��DQG�%RQIHUURQL�
adjusted pairwise comparisons to test effects of restoration 
DOWHUQDWLYHV�RQ�WKH�IROORZLQJ�PRGHO�RXWSXWV������WRWDO�DEXQ-
GDQFH��SRSXODWLRQ�VL]H�LQFOXGLQJ�VHHGV�������WRWDO�QXPEHU�RI�
DERYH�JURXQG�SODQWV� �QRW� LQFOXGLQJ� VHHGV��� DQG� ���� UHODWLYH�
abundance of each life stage at the end of the 25-year period.  
Output values analyzed were the average of 1000 simulations 
for each restoration alternative and P-values less than 0.05 
ZHUH�FRQVLGHUHG�VWDWLVWLFDOO\�VLJQL¿FDQW�

Results

5HVWRUDWLRQ� DOWHUQDWLYHV� WKDW� LQFOXGHG� SURWHFWLRQ� IURP�
ODUJH�KHUELYRUHV�KDG�VLJQL¿FDQWO\�JUHDWHU�UDWHV�RI�SRSXODWLRQ�
increase (λ ������ WKDQ� WKRVH� WKDW� GLG� QRW� LQFOXGH� SURWHF-
tion (λ ������������7DEOH�����3UHVFULEHG�¿UH�GLG�QRW�FKDQJH�
model estimates of λ�� 3RSXODWLRQ� WUDMHFWRULHV� VKRZHG� FRQ-
VLGHUDEO\� GLIIHUHQW� SDWWHUQV� DPRQJ� WKH� ¿YH� PDQDJHPHQW�

Figure 1. Simplified life cycle of buckbrush (Ceanothus fendleri) based on field observations. Seedlings are identified by 
size and presence of cotyledons (seed leaves). Vegetative stems produce no flowers whereas reproductive stems do 
flower. Arrows indicate probable life stage transitions, including seed contributions from reproductive adult stems.
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VFHQDULRV� �)LJXUH� ����$W� WKH� HQG� RI� WKH� ���\HDU� SHULRG�� WKH�
WKLQ�SURWHFW�DOWHUQDWLYH�KDG�VLJQL¿FDQWO\�JUHDWHU� WRWDO�SRSX-
ODWLRQ�DEXQGDQFH��DHULDO�VWHPV�SOXV�VHHGV�� WKDQ�FRQWURO�DQG�
WKLQ�EXUQ�DOWHUQDWLYHV��7DEOH�����7KLQ�SURWHFW�EXUQ�DQG�WKLQ�
RQO\�KDG�VLJQL¿FDQWO\�JUHDWHU�WRWDO�DEXQGDQFH�WKDQ�WKLQ�EXUQ��
5HVWRUDWLRQ�VFHQDULRV�DOVR�DIIHFWHG�DEXQGDQFH�RI�LQGLYLGXDOV�
LQ� WKH� IRXU� OLIH� VWDJHV� �7DEOH�����)RU�H[DPSOH�� WKLQ�SURWHFW�
EXUQ� KDG� VLJQL¿FDQWO\� JUHDWHU� QXPEHU� RI� DHULDO� VWHPV� DQG�
relatively more seedlings and reproductive stems than all 
RWKHU�DOWHUQDWLYHV��7DEOH����

)LUH�IUHTXHQF\�DQG�SURWHFWLRQ�IURP�KHUELYRUHV�LQWHUDFWHG�
WR�DIIHFW�EXFNEUXVK�SRSXODWLRQ�VL]H�DQG�VWUXFWXUH��)LJXUH�����
Total population abundances of protected and unprotected 
SRSXODWLRQV�DW�WKH�HQG�RI�WKH�VLPXODWHG�SHULRG�ZHUH�VLJQL¿-
FDQWO\�JUHDWHU�XQGHU�WKH����\HDU�SUHVFULEHG�¿UH�LQWHUYDO�WKDQ�
under the 2-year interval. Both protected and unprotected 
populations showed a pattern of increasing seed abundance 
ZLWK� ORQJHU� LQWHUYDOV� EHWZHHQ� ¿UHV� �)LJXUH� ���� +RZHYHU��
KHUELYRUH� SURWHFWLRQ� DQG� ¿UH� LQWHUYDO� LQWHUDFWHG� WR� DIIHFW�
abundance of other life stages. For example, seedling, veg-
etative and reproductive stem abundances tended to decline 
in protected populations but increase in unprotected popula-
WLRQV�DV�¿UH�LQWHUYDO�GHFUHDVHG��)LJXUH����

Discussion and Conclusions

5HVXOWV� RI� WKLV� VWXG\� LQGLFDWHG� WKDW� EXFNEUXVK� SRSXOD-
WLRQV�EHQH¿W�PRVW�IURP�UHVWRUDWLRQ�DOWHUQDWLYHV� WKDW� LQFOXGH�
RYHUVWRU\�WKLQQLQJ��SUHVFULEHG�¿UH��DQG�SURWHFWLRQ�IURP�ODUJH�
KHUELYRUHV�� 7KHVH� UHVXOWV� UHÀHFWHG� UHVSRQVHV� OLQNHG� WR� WKH�
life history of this species. Important responses were the fol-
ORZLQJ�� ����VHHGOLQJ�HPHUJHQFH� LQ�\HDUV�RI�¿UH�GXH� WR�KHDW�
VFDUL¿FDWLRQ� RI� VHHGV� �+XIIPDQ� ������� ���� UHFUXLWPHQW� RI�
YHJHWDWLYH�VWHPV�IURP�EHORZJURXQG�EXGV�LQ�ERWK�¿UH�DQG�QR�
¿UH�\HDUV��DQG�����UHFUXLWPHQW�RI�UHSURGXFWLYH�VWHPV�LQ�\HDUV�
ZLWKRXW� ¿UH�� )RU� FRQWURO� SRSXODWLRQV�� DHULDO� VWHPV� VKRZHG�
gradual attrition, although seed survival in seed banks may 
represent potential for eventual population recovery. These 
responses demonstrated evolutionary characteristics that 
DOORZ�EXFNEUXVK�WR�WKULYH�LQ�RSHQ�IRUHVWV�ZLWK�IUHTXHQW��ORZ�
VHYHULW\�¿UH� UHJLPHV� �$UQROG�������)XOp� DQG�RWKHUV��������
3URWHFWLQJ�EXFNEUXVK�IURP�ODUJH�KHUELYRUHV�DSSHDUHG� WR�DO-
low plants to complete life cycles and fully express life 
KLVWRU\� WUDLWV��3UHVFULEHG�¿UH� IDFLOLWDWHG� UHFUXLWPHQW�RI� QHZ�
individuals, a process that may enhance population viabil-
ity by increasing genetic variation.  In contrast, intensive use 

Table 1. Mean values and standard error (SEM) of finite rate 
of increase (λ) for simulated management scenarios of 
buckbrush (Ceanothus fendleri). Prescribed fire did not affect 
values of λ. Different letters associated with values denote 
statistically different means at P � 0.05.

Restoration Alternative λ SEM

Control 0.99 b 0.001
Thin-only 1.06 b 0.036
Thin-protect 1.33 a 0.044

Figure 2. Buckbrush (Ceanothus fendleri) 
population trajectories for five restoration 
management scenarios. Abundance is total 
number in population, including dormant 
seeds. Chart shows carrying capacity (K) 
“ceiling” for abundance, which was a user-
defined model parameter.
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Table 2. Mean characteristics of buckbrush populations (Ceanothus fendleri) after 25-year simulations 
of five restoration alternatives. Different letters read across management scenarios denote statistically 
different means at P � 0.05.

 Restoration Alternative

Characteristic Control Thin-only Thin-protect Thin-burn Thin-protect-burn

Number in Population:
 Aerial stems1 25.6 b 198.4 b 119.4 b 175.9 b 575.8 a
 Total2 922.3 bc 1847.1 ab 2420.0 a 468.2 c 1832.4 ab

Relative Abundance in  
   Population (%):
 Seeds  97.2 a 90.6 a 95.0 a 58.3 b 68.6 b
 Seedlings 1.3 b 1.1 b 1.0 b 8.9 a 10.3 a
 Vegetative 1.4 b 8.0 ab 2.4 b 31.8 a 16.3 ab
 Reproductive <0.01 c 0.3 bc 1.6 b 1.1 bc 5.8 a

1 Number of aerial stems in population—does not include seeds.
2 Number in population; total aerial stems plus seeds.

Figure 3. Life stage abundances (number in 
population) for buckbrush populations 
protected and unprotected from large 
herbivores under four simulated prescribed 
fire intervals.
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E\� ODUJH� KHUELYRUHV� VXFK� DV�5RFN\�0RXQWDLQ� HON� DSSHDUHG�
to constrain long-term population growth and simplify popu-
lation structure. This research demonstrates that population 
modeling can help provide insights concerning ecological 
tradeoffs associated with land management alternatives.

References

$NoDND\D��+�5��������5$0$6�0HWDSRS��YLDELOLW\�DQDO\VLV�
IRU�VWDJH�VWUXFWXUHG�PHWDSRSXODWLRQV��YHUVLRQ�������$SSOLHG�
%LRPDWKHPDWLFV��6HWDXNHW��1HZ�<RUN�

$OOHQ��&�'��������(ON�UHVSRQVH�WR�WKH�/D�0HVD�¿UH�DQG�FXUUHQW�
VWDWXV�LQ�WKH�-HPH]�PRXQWDLQV��SS���������LQ�$OOHQ��&�'���(G����
3URFHHGLQJV�RI�WKH��QG�/D�0HVD�)LUH�6\PSRVLXP��86'$�
)RUHVW�6HUYLFH�*HQHUDO�7HFKQLFDO�5HSRUW�50�*75�����

Arnold, J.F. 1950. Changes in ponderosa pine bunchgrass ranges in 
northern Arizona resulting from pine regeneration and grazing. 
-RXUQDO�RI�)RUHVWU\�����������������

%DUERXU��0�*���%XUN��-�+���3LWWV��:�'���*LOOLDP��)�6���6FKZDUW]��
M.W. 1999. Terrestrial plant ecology. Addison Wesely 
/RQJPDQ��,QF��1<�

%HOOLQJKDP��3�-���6SDUURZ��$�'��������5HVSURXWLQJ�DV�D�OLIH�KLVWRU\�
strategy in wood plant communities. Oikos. 89: 409-416.

Caswell, H. 2001. Matrix population models: construction, 
DQDO\VLV��DQG�LQWHUSUHWDWLRQ��6LQDXHU�$VVRFLDWHV�,QF���
6XQGHUODQG��0$�

)XOp��3�=���&RYLQJWRQ��:�:���0RRUH��0�0��������'HWHUPLQLQJ�
reference conditions for ecosystem management in 
southwestern ponderosa pine forests. Ecological Applications. 
��������������

)XOp��3�=���0F+XJK��&���+HLQOHQ��7�$���&RYLQJWRQ��:�:��������
3RWHQWLDO�¿UH�EHKDYLRU�LV�UHGXFHG�IROORZLQJ�IRUHVW�UHVWRUDWLRQ�
WUHDWPHQWV��3S��������LQ�9DQFH��5�.���&�%��(GPLQVWHU��
:�:��&RYLQJWRQ��DQG�-�$��%ODNH��FRPSV����3RQGHURVD�SLQH�
ecosystems restoration and conservation: steps toward 
VWHZDUGVKLS��86'$�)RUHVW�6HUYLFH�3URFHHGLQJV�5056�3����

+DUSHU��-�/��������3RSXODWLRQ�ELRORJ\�RI�SODQWV��$FDGHPLF�3UHVV��
1HZ�<RUN�

+XIIPDQ��'�:��������3RSXODWLRQ�HFRORJ\�RI�Fendler ceanothus: 
responses to herbivory and forest restoration treatments. 
)ODJVWDII��$=��1RUWKHUQ�$UL]RQD�8QLYHUVLW\��3K�'��'LVVHUWDWLRQ�

+XIIPDQ��'�:��������3URGXFWLRQ��ORVVHV�DQG�JHUPLQDWLRQ�RI�
Ceanothus fendleri seeds in an Arizona ponderosa pine forest. 
:HVWHUQ�1RUWK�$PHULFDQ�1DWXUDOLVW��������������

6WRU\��0�7��������1LWURJHQ�¿[DWLRQ�E\�Ceanothus fendleri and 
Lupinus argenteus as a function of parent material and vegetal 
FRYHU��7XFVRQ��$=��8QLYHUVLW\�RI�$UL]RQD��0�6��7KHVLV�

8UQHVV��3�-���1HII��'�-���:DWNLQV��5�.��������1XWULWLYH�YDOXH�RI�
mule deer forages on ponderosa pine summer range in Arizona. 
5HV��1RWH�50������)RUW�&ROOLQV��&2��8�6��'HSDUWPHQW�RI�
$JULFXOWXUH��)RUHVW�6HUYLFH��5RFN\�0RXQWDLQ�)RUHVW�DQG�5DQJH�
([SHULPHQW�6WDWLRQ�

The content of this paper reflects the views of the author(s), who are 
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In: 2OEHUGLQJ��6XVDQ�'���DQG�0RRUH��0DUJDUHW�0���WHFK�FRRUGV��������)RUW�9DOOH\�([SHULPHQWDO�)RUHVW²$�&HQWXU\�RI�5HVHDUFK������������
3URFHHGLQJV�5056�3�����)RUW�&ROOLQV��&2��8�6��'HSDUWPHQW�RI�$JULFXOWXUH��)RUHVW�6HUYLFH��5RFN\�0RXQWDLQ�5HVHDUFK�6WDWLRQ������S�

Introduction

There is considerable evidence that in the southwestern 
8QLWHG� 6WDWHV�� SUHVHQW�GD\� SRQGHURVD� SLQH� VWDQG� VWUXFWXUH�
DQG�FRPSRVLWLRQ��DFFXPXODWLRQ�RI�ZLOG¿UH�IXHO��DQG�IUHTXHQ-
F\�DQG�VHYHULW\�RI�ZLOG¿UH��DUH�KLVWRULFDOO\�XQFKDUDFWHULVWLF�
�&RYLQJWRQ� DQG� RWKHUV� ������ &RYLQJWRQ� DQG�0RRUH� ������
)XOp�DQG�RWKHUV�������6DYDJH�DQG�RWKHUV�������6ZHWQDP�DQG�
%DLVDQ��������'HFDGHV�RI�H[FOXVLRQ�DQG�VXSSUHVVLRQ�RI�IUH-
TXHQW��ORZ�LQWHQVLW\�VXUIDFH�¿UHV�KDV�EHHQ�LPSOLFDWHG�DV�WKH�
main cause, although timber harvesting and replanting, his-
torical periods of overgrazing, and climate shifts were also 
OLNHO\� LPSRUWDQW�� 6XEVWDQWLDO� LQIRUPDWLRQ� H[LVWV� UHJDUGLQJ�
IRUHVW�¿UH�KLVWRU\�DQG�UHFHQW�VKLIWV�LQ�WUHH�VWDQG�VWUXFWXUH�DQG�
FRPSRVLWLRQ��EXW�TXDQWLWDWLYH�VWXGLHV�LQYHVWLJDWLQJ�XQGHUVWR-
ry reference conditions are lacking.

Understanding Ponderosa Pine Forest-Grassland  
Vegetation Dynamics at Fort Valley Experimental  
Forest Using Phytolith Analysis

Becky K. Kerns, 75(5��2CEKğE�0QTVJYGUV�4GUGCTEJ�5VCVKQP��2QTVNCPF��14; 
Margaret M. Moore and Stephen C. Hart, School of Forestry, 
Northern Arizona University, Flagstaff, AZ

Abstract—In the last century, ponderosa pine forests in the Southwest have changed from 
more open park-like stands of older trees to denser stands of younger, small-diameter trees. 
Considerable information exists regarding ponderosa pine forest fire history and recent shifts 
in stand structure and composition, yet quantitative studies investigating understory refer-
ence conditions are lacking. We developed and applied an approach using phytoliths to 
understand forest-grassland vegetation dynamics and historical conditions. Phytoliths are 
particles of hydrated silica that form in the cells of living plants that are often morphologi-
cally distinct. Upon plant death and decay, the stable silica remains in the soil. Soil phytoliths 
are a useful tool to examine the vegetation history of an area. We created and published a 
phytolith reference collection, including a previously undescribed diagnostic phytolith for 
ponderosa pine, examined relationships between contemporary vegetation and surface soil 
phytolith assemblages using a phytolith classification system, and used phytoliths to explore 
forest-grassland vegetation dynamics. Results indicate that soil phytolith assemblages reflect 
long-term accumulation of organic matter in soils, and do not mirror contemporary vegeta-
tion at the scale of several meters, but rather several kilometers. Our data suggest that in 
the past, some C4 (warm-season) grasses were more widely distributed but less abundant, 
grasses were more spatially continuous, total grass production was greater, and some species 
(Koeleria sp. and Bromus sp.) were more common in the study area. These results provide 
important information on historical understory conditions useful to ecologists and land man-
agers for developing and implementing strategies promoting desired future conditions in the 
region.

3K\WROLWK� DQDO\VLV� LV� D� SURPLVLQJ� WRRO� IRU� XQGHUVWDQGLQJ�
YHJHWDWLRQ�G\QDPLFV�LQ�WKHVH�HFRV\VWHPV��3K\WROLWKV�DUH�PRU-
phologically distinct particles of hydrated silica that form in 
WKH� FHOOV� RI� OLYLQJ� SODQWV� �)LJXUH� ����8SRQ� SODQW� GHDWK� DQG�
decay, many silica phytoliths resist dissolution and remain in 
the soil for centuries to millennia as evidence of the vegeta-
tion history of an area. Because grasses generally produce 
an order of magnitude more phytoliths than trees, many 
VRLOV� EHQHDWK� JUDVVODQG� YHJHWDWLRQ� FRQWDLQ� VLJQL¿FDQWO\�
more phytoliths by mass than soils beneath forest vegetation 
�-RQHV�DQG�%HDYHUV�������1RUJHQ�������:LOGLQJ�DQG�'UHHV�
������� ([DPLQDWLRQ� RI� SK\WROLWK� FRQFHQWUDWLRQ� LQ� VRLOV� FDQ�
be used to decipher changes in grassland and forest ecotones 
through time. Analysis of individual phytolith morphology 
and phytolith assemblages can provide more detailed taxo-
nomic information regarding vegetation change, particularly 
for species in the grass family (Fredlund and Tieszen 1994, 
.HUQV�DQG�RWKHUV�������0XOKROODQG�������
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Figure 1. Scanning electron microscope photos of two diagnostic phytoliths. Above: panicoid 
lobate in situ from the grass Schizachyrium scoparium. Below: spiny body from Pinus 
ponderosa.
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The goal of our work was to provide data regarding phyto-
lith assemblage formation, herbaceous understory reference 
conditions, and provide additional insights into the vegeta-
tion dynamics of a ponderosa pine-bunchgrass community 
within the Fort Valley Experimental Forest.

Methods

7KH� VWXG\� VLWH�ZDV� ORFDWHG� LQ�QRUWKHUQ�$UL]RQD��8�6�$���
within the Fort Valley Experimental Forest, 10 km northwest 
RI�)ODJVWDII��3UHVHQW�GD\�IRUHVW�VWUXFWXUH�LV�FKDUDFWHUL]HG�E\�
VPDOO�SDWFKHV������������KD��RI�ODUJHU�ROG�JURZWK�SRQGHURVD�
SLQH� WUHHV� LQ� FOXPSV� RI� WKUHH� RU�PRUH� �:KLWH� ������ LQWHU-
spersed with dense thickets of younger, smaller ponderosa 
SLQH�WUHHV��DQG�UHODWLYHO\�RSHQ�FDQRS\�DUHDV��������KD��ZLWK�
bunchgrasses and other herbaceous plants. Understory spe-
cies composition is dominated by native bunchgrasses, 
including Muhlenbergia montana, Festuca arizonica, Poa 
fendleriana, Blepharoneuron tricholepis and Elymus elymoi-
des��.HUQV�DQG�RWKHUV��������&RPPRQ�IRUEV�LQFOXGH�Cirsium 
wheeleri, 6ROLGDJR�VSDUVLÀRUD, and Lotus wrightii. The only 
understory shrub found was Ceanothus fendleri.

Fifteen 40-m2 circular plots were established within the 
three forest canopy types found on the site (5 plots per canopy 
W\SH������ROG�JURZWK�SLQH��2*������GHQVH�\RXQJ�SLQH�WKLFNHW�
�'<3���DQG����RSHQ�FDQRS\��2&���$ERYH�JURXQG�KHUEDFHRXV�
plant biomass was determined by harvesting all plants within 
D�����P�[�����P�UHFWDQJXODU�VXESORW��7KH�IRUHVW�ÀRRU�OD\HU�ZDV�
then removed from the subplot and two composite mineral 
VRLO�VDPSOHV�ZHUH�FROOHFWHG������FP�GHSWK�DQG�����FP�GHSWK��
6RLOV�ZHUH�DLU�GULHG�DQG�YLVLEOH�RUJDQLF�PDWWHU�UHPRYHG�SULRU�
WR�SDVVLQJ�VRLO�WKURXJK�D���PP�VLHYH��3K\WROLWKV�ZHUH�H[WUDFW-
HG�XVLQJ�D�PRGL¿HG�KHDY\�OLTXLG�ÀRWDWLRQ�WHFKQLTXH��3HDUVDOO�
�������3K\WROLWK�IRUPV�ZHUH�YLHZHG� WKUHH�GLPHQVLRQDOO\� LQ�
D�PHGLXP�RI�&DQDGD�%DOVDP�DQG�FODVVL¿HG�LQWR�HLJKW�GLDJ-
QRVWLF�W\SHV�EDVHG�RQ�D�V\VWHP�GHYHORSHG�IRU�WKH�ORFDO�ÀRUD�
�.HUQV� ������� 2QO\� JUDVV� VKRUW�FHOOV� ZHUH� FRQVLGHUHG�� EH-
FDXVH�WKH\�DUH�IDLUO\�HTXDO�LQ�VL]H�DQG�VLOLFL¿FDWLRQ��WKH\�ZHUH�
DVVXPHG� HTXDOO\� UHVLVWDQW� WR� SRVW�GHSRVLWLRQDO� GHJUDGDWLRQ��
The only non-graminoid phytolith form described and used 
in this study was the spiny body diagnostic for ponderosa 
SLQH��)LJXUH����.HUQV���������3KRWRJUDSKV�RI�GLDJQRVWLF�SK\-
toliths from dry ash plant material were made using a LEO 
���93�6FDQQLQJ�(OHFWURQ�0LFURVFRSH�ORFDWHG�DW�WKH�1RUWKHUQ�
Arizona University Electron Microscope Facility.

Analysis of variance was used to test for differences 
among the three canopy types in total above-ground herba-
ceous biomass, graminoid functional group (e.g., C� and C4 
JUDVVHV���SK\WROLWK�PRUSKRW\SHV�DQG�SK\WROLWK�FRQFHQWUDWLRQ��
,I�GLIIHUHQFHV�ZHUH�VLJQL¿FDQW��S����������SDLUZLVH�WHVWV�ZHUH�
conducted using Tukey’s procedure for multiple compari-
sons. Variables were transformed as appropriate. Non-metric 
multidimensional scaling was used to assess similarities in 
species and phytolith composition among the plot canopy 
W\SHV� �0LQFKLQ� �������9HFWRU� ¿WWLQJ� ZDV� XVHG� WR� H[DPLQH�

relationships between different forest structure variables 
DQG� YHJHWDWLRQ� DQG� SK\WROLWK� DVVHPEODJHV� �.DQWLYLODV� DQG�
0LQFKLQ�������

Results and Discussion

Current Vegetation

2SHQ� FDQRS\� SORWV� KDG� VLJQL¿FDQWO\� PRUH� KHUEDFHRXV�
SODQW�ELRPDVV�������������J�P2��FRPSDUHG�WR�2*������������J�
m2�� DQG� '<3� ����� �� ���� J�P2���:DUP�VHDVRQ� JUDVVHV� �&4��
ZHUH�RQO\�IRXQG�RQ�2&�SORWV��WKHVH�SORWV�DOVR�KDG�VLJQL¿FDQW-
ly more species present compared to plots of other canopy 
types. The most common grass was Elymus elymoides, a C� 
species found in all plots. Festuca arizonica and Poa fendle-
riana�ZHUH�RQO\�IRXQG�LQ�2*�SORWV��Ceanothus fendleri, an 
LPSRUWDQW� EURZVH� VSHFLHV� DQG� SRVVLEOH�1�¿[LQJ� SODQW��ZDV�
QRW�IRXQG�RQ�DQ\�RI�WKH�'<3�SORWV��1RQ�PHWULF�PXOWLGLPHQ-
sional scaling indicated that species composition corresponds 
WR�FDQRS\�W\SH��6WDQG�DJH��OLJKW�DYDLODELOLW\��DQG�2�KRUL]RQ�
WKLFNQHVV�ZHUH� VLJQL¿FDQW�YHFWRUV�DVVRFLDWHG�ZLWK� WKH�RUGL-
QDWLRQ� �.HUQV� DQG� RWKHUV� �������7KHVH� UHVXOWV� VXJJHVW� WKDW�
the recently documented increase in tree density, decrease in 
OLJKW� DYDLODELOLW\�� DQG� DFFXPXODWLRQ� RI� IRUHVW� ÀRRU�PDWHULDO�
have probably resulted in loss of understory production and 
diversity, as well as potentially important functional species.

Soil Phytolith Assemblages

We created and published a phytolith reference collection 
including a previously unknown diagnostic phytolith for 
SRQGHURVD� SLQH� �.HUQV� ������� :H� WKHQ� XVHG� D� SK\WROLWK�
FODVVL¿FDWLRQ� V\VWHP� WR� H[DPLQH� UHODWLRQVKLSV� EHWZHHQ�
contemporary vegetation and surface soil phytolith 
assemblages as well as forest-grassland vegetation dynamics 
�.HUQV�DQG�RWKHUV��������������2XU�UHVXOWV�LQGLFDWHG�WKDW�ORFDO�
or plot-scale vegetation patterns associated with overstory 
FDQRS\� W\SHV�ZHUH�RQO\�ZHDNO\�GHWHFWHG��6XUIDFH�SK\WROLWK�
assemblage ordination revealed some correspondence to 
FRQWHPSRUDU\� YHJHWDWLRQ�� KRZHYHU�� HYHQ� RQ� RSHQ� FDQRS\�
plots dominated by warm season grasses with few to no trees, 
the percentage of warm season grass and ponderosa pine type 
phytoliths were not statistically different from heavily forested 
SORWV� ZKHUH� ZDUP�VHDVRQ� JUDVVHV� ZHUH� DEVHQW� �.HUQV� DQG�
RWKHUV��������3DVW�UHVHDUFK�KDV�VKRZQ�LQFRQVLVWHQW�UHVXOWV�LQ�
terms of local in-situ phytolith formation (Fisher and others 
������)UHGOXQG�DQG�7LHV]HQ��������SRVVLEO\�GXH�WR�GLIIHULQJ�
PHWKRGRORJLHV�RU�IDFWRUV�WKDW�LQÀXHQFH�SK\WROLWK�DVVHPEODJH�
formation. Fire, herbivory and erosion may cause phytolith 
mixing and assemblage homogenization, leading to the lack 
of local sensitivity in our phytoliths assemblages. It is also 
likely that understory species were not spatially stable through 
time and that many phytoliths have remained preserved in the 
soil. Our results suggest that phytolith assemblages should be 
viewed as a long-term average of vegetation composition, not 
an instantaneous snapshot of vegetation.
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Our results also indicated that vegetation composition 
KDV� VKLIWHG� WKURXJK� WLPH�� 5HVXOWV� DUH� VXPPDUL]HG� LQ�
7DEOH����*UDVVHV�ZHUH�PRUH�VSDWLDOO\�FRQWLQXRXV�LQ�WKH�SDVW�
�.HUQV� DQG� RWKHUV� ������� OHQGLQJ� DGGLWLRQDO� VXSSRUW� WR� WKH�
idea that grass productivity was greater in the past. In the 
past some C4 grasses (species in the Chloridoideae, e.g., 
Blepharoneuron tricholepis, Muhlenbergia�VSS���ZHUH�PRUH�
widely distributed but relatively less abundant compared to 
C��JUDVVHV��6HYHUDO�PHFKDQLVPV�WKDW�FRXOG�H[SODLQ�WKLV�VKLIW�
(e.g., increased temperatures, over grazing and preferential 
selection of C�� JUDVVHV��� DUH� UHYLHZHG� LQ�.HUQV� DQG� RWKHUV�
�������� ,W� LV� LPSRUWDQW� WR� UHLWHUDWH� WKDW� VXUIDFH� SK\WROLWK�
assemblages representing the present are long-term averages 
RI�YHJHWDWLRQ�FRPSRVLWLRQ��7KH�DVVHPEODJHV�GR�QRW�UHÀHFW�D�
snapshot of the present-day vegetation.  Thus the increase 
in some C4 type phytoliths seen in surface soils could be 
explained by extensive grazing of domestic ungulates that 
favored C� grasses from late 1800s to approximately the 
mid-1900s. Because tree cover has increased over the past 50 
years, it is generally thought that C4 grasses have decreased 
substantially due to shading.

$QRWKHU� LPSRUWDQW� ¿QGLQJ� WKDW� HPHUJHG� IURP� RXU� VWXG\�
was that phytolith forms diagnostic of Koeleria cristata and 
native species in the genus Bromus (i.e., Bromus ciliatus and 
Bromus anomalus��ZHUH�PRUH�DEXQGDQW�LQ�VXEVXUIDFH�FRP-
pared to surface soil horizons. Although these species are 
presently uncommon in the study area, they may have been 
PRUH�DEXQGDQW�LQ�WKH�SDVW��7DEOH����
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Table 1. Summary of results for relative changes in vegetation in the study area as determined from 
surface and subsurface soil phytolith assemblages.

Vegetation Presenta Diagnostic Phytolith Evidence

Ponderosa pine Increased  More spiny bodies in surface soils
All grasses Decreased and spatially restricted Phytolith concentration
C3 grasses Decreased, particularly Koeleria More rondels & crenates in subsurface soils
  macrantha and Bromus spp.
C4 grasses
(Chloridoideae) Increased but spatially restricted More saddles in surface soils
a The present is determined from surface phytolith assemblages that represent long-term averages of vegeta-

tion composition and do not represent a snapshot of present-day vegetation.
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3URFHHGLQJV�5056�3�����)RUW�&ROOLQV��&2��8�6��'HSDUWPHQW�RI�$JULFXOWXUH��)RUHVW�6HUYLFH��5RFN\�0RXQWDLQ�5HVHDUFK�6WDWLRQ������S�

Introduction

The stand density experiment initiated in 1962 at Taylor 
Woods, Fort Valley Experimental Forest, Arizona, set the 
stage for a series of tree ecophysiology studies conducted 
EHWZHHQ� ����� DQG� ����� WKDW� SURYLGH� LQVLJKW� RQ� HIIHFWV� RI�
stand density management in ponderosa pine forests on tree 
DQG�VWDQG�JURZWK�DQG�SK\VLRORJ\��0DQ\�RI�WKH�TXHVWLRQV�DG-
dressed in these recent studies were not anticipated when the 
stand density experiment was started in 1962. Maintenance 
RI� WKH� GHQVLW\� H[SHULPHQW� IRU� RYHU� ��� \HDUV� E\� 5RFN\�
0RXQWDLQ� 5HVHDUFK� 6WDWLRQ� VWDII�� QRWDEO\� &DUO� (GPLQVWHU��
SURYLGHG�XV�ZLWK�WKH�RSSRUWXQLW\�WR�DVN�FRQWHPSRUDU\�TXHV-
tions about impacts of long-term silvicultural thinning on a 
range of tree- and stand-level physiological characteristics 
that is not possible in short-term studies. Thus, Taylor Woods 
has proven to be one of the most important long-term forestry 
UHVHDUFK�VLWHV�LQ�WKH�VRXWKZHVWHUQ�8QLWHG�6WDWHV�

7KLV� SDSHU� EULHÀ\� GHVFULEHV� UHVXOWV� RI� RXU� HFRSK\VLRO-
ogy studies at Taylor Woods. For brevity, we introduce the 
VWXG\�VLWH�DQG�IROORZ�ZLWK�PDMRU�¿QGLQJV��2XU�PHWKRGV�KDYH�
EHHQ� GHVFULEHG� LQ� GHWDLO� HOVHZKHUH� �.ROE� DQG� RWKHUV� ������
0F'RZHOO�DQG�RWKHUV�������0F'RZHOO�DQG�RWKHUV�������

Taylor Woods is in the Fort Valley Experimental Forest 
������¶��´�1��������¶��´�:�� ORFDWHG�ZLWKLQ� WKH�&RFRQLQR�
National Forest approximately 15 km northwest of Flagstaff, 
$UL]RQD��8�6�$��7KH�VWDQG� LV�DSSUR[LPDWHO\������KD�DQG� LV�
dominated by ponderosa pine (Pinus ponderosa var. scopu-
lorum�� WKDW� UHJHQHUDWHG� QDWXUDOO\� LQ� DSSUR[LPDWHO\� �����
�5RQFR�DQG�RWKHUV�������6DYDJH�DQG�RWKHUV��������$�VSDUVH�
XQGHUVWRU\�RI�JUDVVHV�DQG�IRUEV�LV�SUHVHQW��7KH�VWDQG�KDV�ÀDW�
topography and is located at 2,266 m elevation. Mean an-
nual temperature from 1909 to 1990 near the study site was 
���� �&� DQG� PHDQ� DQQXDO� SUHFLSLWDWLRQ� ZDV� ����� FP� ZLWK�

Tree Ecophysiology Research at Taylor Woods

Thomas E. Kolb, School of Forestry, Northern Arizona University, Flagstaff, 
AZ; and Nate G. McDowell, Los Alamos National Laboratory, Earth 
and Environmental Sciences Division, Los Alamos, NM

Abstract—We summarize the key findings of tree ecophysiology studies performed at Taylor 
Woods, Fort Valley Experimental Forest, Arizona between 1994 and 2003 that provide unique 
insight on impacts of long-term stand density management in ponderosa pine forests on tree 
water relations, leaf gas exchange, radial growth, leaf area-to-sapwood-area ratio, growth ef-
ficiency, leaf area index, resin defenses, and stand-level above-ground carbon sequestration.

DSSUR[LPDWHO\�KDOI�RI�WKLV�DPRXQW�IDOOLQJ�DV�VQRZ��6FKXEHUW�
������� 7KH� UHJLRQ� KDV� D� PRQVRRQDO� FOLPDWH� W\SLFDO� RI� WKH�
6RXWKZHVW�8QLWHG�6WDWHV�ZLWK� SUHFLSLWDWLRQ� GLVWULEXWHG� LQ� D�
bimodal pattern that peaks in the winter and late summer, and 
a pronounced drought during May and June.

We utilized a replicated set of stand basal area treatments 
at Taylor Woods to obtain data about physiological and struc-
WXUDO� UHVSRQVHV� WR� FKDQJHV� LQ� VWDQG� EDVDO� DUHD� �%$��� 7KH�
LQLWLDO�H[SHULPHQW�ZDV�GHVLJQHG�E\� WKH�8�6��)RUHVW�6HUYLFH�
to determine effects of stand BA on ponderosa pine growth 
�0\HUV�������5RQFR�DQG�RWKHUV��������7KH�IRUHVW�ZDV�¿UVW�
thinned in October 1962 to generate three replicated plots of 
HDFK�RI� VL[�%$������������������������P-2 ha-1��SOXV�DQ�XQ-
thinned control. The residual BA levels were maintained by 
UH�WKLQQLQJ�RQFH�SHU�GHFDGH���������������������������7KH�
SORWV�DUH�DERXW�����KD�LQ�VL]H��DQG�KDYH������P�EXIIHUV��6WDQG�
VWUXFWXUDO�GDWD�IRU�\HDU������DUH�VKRZQ�LQ�7DEOH���

Major Findings

Direct measurements of leaf gas exchange in summer 
1994 following the third thinning in 1992 show that thinning 
LQFUHDVHG�QHW�SKRWRV\QWKHWLF�UDWH��3n��)LJXUH��$���,QFUHDVHG�
3n in response to thinning was highly correlated with leaf-
OHYHO�VWRPDWDO�FRQGXFWDQFH��.ROE�DQG�RWKHUV�������DQG�ZDV�
not associated with increased leaf nitrogen concentration 
�.ROE�DQG�RWKHUV�������RU�D�FKDQJH�LQ�FDUER[\ODWLRQ�HI¿FLHQ-
F\��0F'RZHOO�DQG�RWKHUV��������+HQFH�PXFK�RI�WKH�SRVLWLYH�
HIIHFW�RI�WKLQQLQJ�RQ�3n was due to increased supply of carbon 
dioxide to chloroplasts due to higher stomatal conductance.

'DWD�IURP�������.ROE�DQG�RWKHUV�������VKRZ�WKDW�WKLQQLQJ�
LQFUHDVHG�ZDWHU�DYDLODELOLW\�WR�WUHHV��6WDQG�%$�ZDV�LQYHUVHO\�
and linearly related to average growing-season leaf xylem 
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Table 1. Stand characteristics in year 2003 for each basal area 
treatment at the Taylor Woods, Fort Valley Experimental Forest, 
Arizona. One standard error of the mean is shown in parentheses. 
The unthinned 45 m2 ha-1 treatment had only one plot, therefore 
no standard errors are provided. Following McDowell and others 
(2006).

Basal area 
treatment Stem density Mean Mean 
(m2 ha-1) ( no. ha-1) DBHa (cm) height (m)

7 70.(3.8) 47.(0.99) 19.5
14 145.(3.3) 40.(0.43) 18.6
18 245.(11.6) 34.8.(0.87) 18.9
23 366.(18.0) 31.7.(0.76) 18.9
28 471.(39.3) 30.4.(1.24) 16.9
35 789.(1.6) 25.5.(0.03) 15.9
45 3160 13.4 11.1

a Diameter at breast height.

SUHGDZQ� ZDWHU� SRWHQWLDO� �)LJXUH� �%��� 7KXV��
thinning can be used to reduce water stress on 
ponderosa pine in northern Arizona.

$�FKURQRORJ\�RI�EDVDO�DUHD�LQFUHPHQW��%$,��
calculated from increment cores sampled at 
breast height shows that BAI increased at all 
BA levels starting two years after the onset of 
thinning. BAI was similar for all BA prior to 
WKLQQLQJ�EHWZHHQ������DQG�������)LJXUH��$���
The increase in BAI started in the second year 
DIWHU� WKLQQLQJ� ������� IRU� DOO� WUHDWPHQWV�� %$,�
was consistently higher in all thinned plots 
compared with the control in all years between 
1964 and 2002. BAI in the control was ex-
tremely low (between 0 and 2 cm2 yr-1��LQ�DOO�
\HDUV��7KLQQLQJ�WR�D�%$�RI���P2 ha-1 caused the 
largest increase in BAI, followed by the 14 m2 
ha-1 and 18 m2 ha-1�%$�OHYHOV��)LJXUH��$���7UHHV�
LQ� WKH� ���� ���� DQG� ���P2 ha-1 BA levels had 
similar BAI in most years. Increases in BAI 
DIWHU�WKH�ODWHU�WKLQQLQJV��L�H���SRVW�������ZHUH�
PRVW�SURQRXQFHG�LQ�WKH���P2 ha-1 BA. BAI de-

FUHDVHG�DW�DOO�%$�IROORZLQJ�WKH������WKLQQLQJ��)LJXUH��$���
WKLV�UHGXFWLRQ�ZDV�DVVRFLDWHG�ZLWK�GURXJKW�EHWZHHQ������DQG�
������)LJXUH��%���7KHVH�UHVXOWV�FDQ�EH�XVHG�E\�VLOYLFXOWXULVWV�
to design treatments to control individual tree growth.

Comparison of the slope of the relationship between BAI 
DQG�WKH�3DOPHU�GURXJKW�VHYHULW\�LQGH[��3'6,��GXULQJ�GURXJKW�
\HDUV��QHJDWLYH�3'6,��)LJXUH��%��VKRZHG�WKDW� WKH�VHQVLWLY-
LW\� RI� %$,� WR� GURXJKW� GLIIHUHG� DPRQJ�%$� �)LJXUH� ���� 7KH�
slope, and thus sensitivity of BAI to drought, was inversely 
DQG� OLQHDUO\� UHODWHG� WR�%$� �)LJXUH�����%$,� LQ� ORZ�%$�ZDV�
more sensitive to drought than in high BA. In contrast, there 
ZDV�QR�VLJQL¿FDQW�UHODWLRQVKLS�EHWZHHQ�VHQVLWLYLW\�RI�%$,�WR�
3'6,�ZKHQ� GDWD� IURP� DOO� \HDUV� �L�H��� SRVLWLYH� DQG� QHJDWLYH�
36',��ZHUH�XVHG� LQ� WKH�FRPSDULVRQ� �0F'RZHOO�DQG�RWKHUV�
������� 7KH� UHVXOWV� VXJJHVW� WKDW� VHYHUH� GURXJKWV� ZLOO� KDYH�
JUHDWHU� UHODWLYH��H�J���SURSRUWLRQDO�� LPSDFWV�RQ�%$,�RI� IDVW�
growing trees at low BA than slow-growing trees at high BA.

7KH�FKURQRVHTXHQFH�RI�FDUERQ�LVRWRSH�GLVFULPLQDWLRQ��∆��
derived from tree rings and corrected for temporal changes 
in atmospheric carbon isotope ratio caused by fossil fuel 
HPLVVLRQV��0F'RZHOO�DQG�RWKHUV�������VKRZV�WKDW� WKLQQLQJ�
had a pronounced effect on the ratio of carbon dioxide con-
centration in the leaf mesophyll (Ci�� WR�FRQFHQWUDWLRQ� LQ� WKH�
atmosphere (Ca��)LJXUH�����:LWK�QR�FKDQJH�LQ�FDUER[\ODWLRQ�
HI¿FLHQF\�DV�ZDV�VKRZQ�IRU�WKH�WKLQQLQJ�WUHDWPHQWV�DW�7D\ORU�
:RRGV� �0F'RZHOO� DQG� RWKHUV� ������� DQG� DVVXPLQJ� VLPLODU�
Ca��YDSRU�SUHVVXUH�GH¿FLW�DQG�OLJKW�LQWHQVLW\��LQFUHDVHG�∆ re-
sults from increased Ci due to greater stomatal conductance. 
Normalization of ∆ relative to ∆ either prior to thinning 
�)LJXUH��%��RU�UHODWLYH�WR�WKH�XQWKLQQHG�FRQWURO��)LJXUH��&��
provided a clearer signal of the effect of thinning than non-
QRUPDOL]HG�GDWD��)LJXUH��$���5HODWLYH�WR�WKH�FRQWURO��)LJXUH�
�&���WKLQQLQJ�LQFUHDVHG�∆ at all wide range of BA levels 5 and 
12 years after treatment suggesting a large simulation in Ci 
and stomatal conductance. Interestingly, the second thinning 
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Figure 1. A) Leaf-level net photosynthetic rate (Pn) based on all-
sided leaf area and averaged from May to September, 1994 
vs. stand basal area (BA). B) Leaf xylem predawn water 
potential (Ψpre) averaged from May to September, 1994 
vs. BA. Bars are +/- one standard error. Equations for the 
regression lines are A. Pn

(-0.24), r2=0.99, p=0.02, 
B. Ψpre

2=0.99, p=0.02. Derived from 
Kolb and others (1998) and McDowell and others (2006).
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increased ∆�IRU�RQO\�RQH�SRVW�WKLQQLQJ�\HDU��������DQG�RQO\�
DW�WKH�ORZHVW�%$����DQG����P2 ha-1��)LJXUH��%��&���(IIHFWV�RI�
WKH�WKLUG�WKLQQLQJ��������RQ�∆�ZHUH�VLPLODU�WR�WKH�¿UVW�WKLQ-
ning with a general increase in ∆ for all BA for several years 
DIWHU�WKLQQLQJ��)LJXUH��&���7KH�IRXUWK�WKLQQLQJ��������GLG�QRW�
increase ∆�LQ�DQ\�%$�UHODWLYH�WR�WKH�FRQWURO��)LJXUH��&���

7KLQQLQJ�KDG�XQHTXDO�HIIHFWV�RQ�ZKROH�WUHH�OHDI�DUHD�DQG�
sapwood area, which changed the ratio of leaf area to sap-
ZRRG�DUHD��0F'RZHOO�DQG�RWKHUV��������5HGXFWLRQ�RI�%$�E\�
WKLQQLQJ� LQFUHDVHG�ERWK� WUHH� OHDI�DUHD��)LJXUH��$��DQG�VDS-
ZRRG�DUHD�DW�EUHDVW�KHLJKW��)LJXUH��%��DV�ZRXOG�EH�H[SHFWHG�
due to a general stimulation of tree growth by thinning. The 
ratio of leaf area to sapwood area was inversely and linearly 
UHODWHG�WR�%$��)LJXUH��&���VDSZRRG�RI�WUHHV�JURZLQJ�DW�ORZ�
BA supported more leaf area than trees at high BA. These 
results combined with the ∆ results suggest that thinning 
LQFUHDVHV� WUHH�%$,�¿UVW�E\�JUHDWO\� LQFUHDVLQJ�VWRPDWDO�FRQ-
ductance, followed by a large increase in carbon allocation 
to leaf area.

7KLQQLQJ�DOWHUHG�JURZWK�HI¿FLHQF\��GH¿QHG�DV�\HDUO\�ELR-
mass production divided by either sapwood area or leaf area 
�:DULQJ�DQG�RWKHUV�������:DULQJ��������,Q�IRXU�RI�VL[�FDVHV��
JURZWK�HI¿FLHQF\�GHFUHDVHG�LQ�UHVSRQVH�WR�UHGXFWLRQ�LQ�%$�
�)LJXUH� �%��'��(�� )��0F'RZHOO� DQG� RWKHUV� �������*URZWK�
HI¿FLHQF\�LQFUHDVHG�ZLWK�WKLQQLQJ�LQWHQVLW\�LQ�RQO\�RQH�FDVH�
�)LJXUH� �$���7KXV�� RXU� UHVXOWV� DUH� QRW� FRQVLVWHQW�ZLWK� HDU-
OLHU�K\SRWKHVHV��:DULQJ�DQG�RWKHUV�������:DULQJ�������WKDW�
WKLQQLQJ�LQFUHDVHV�WKH�³HI¿FLHQF\´�RI�ZRRG�SURGXFWLRQ�XVLQJ�
FRQYHQWLRQDO�PHDVXUHPHQWV�RI�JURZWK�HI¿FLHQF\�
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Figure 2. A) Basal area increment (BAI) for 
seven basal area (BA) treatments (7 to 
45 m2 ha-1). Data are averaged for three 
plots per treatment with the exception 
of the 45 m2 ha-1 control treatment 
(no thinning), which had a single plot. 
Bars are +/- one standard error. The 
initial thinning treatment (1962) and 
subsequent thinning treatments (1972, 
1982, 1992) are indicated by the vertical 
lines. B) Annual Palmer drought severity 
index (PDSI) for Region 2 of Arizona. 
Negative PDSI values represent drought 
and positive PDSI values represent wet 
periods. From McDowell and others 
(2006).

Figure 3. Treatment-specific slopes of basal area increment 
(BAI) versus annual Palmer drought severity index (PDSI) 
using all plots per treatment, and only the negative PDSI 
years from 1962 to 2001. The regression equation is: 

2=0.93, p<0.01. From 
McDowell and others (2006).
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Figure 4. A) Carbon isotope discrimination (∆), B) ∆ 
nominalized to prethinning (1952-1961) ∆, and C) ∆ 
normalized to the unthinned control for the 45, 28, 14 and 
7 m-2 ha-1 basal area treatments for years 1952-2001. Each 
point represents a plot mean value obtained by pooling 
five trees per plot into a single sample. The initial thinning 
treatment (1962) and subsequent thinning treatments 
(1972, 1982, 1992) are indicated by the vertical dashed 
lines. From McDowell and others (2006).
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Figure 5. A) Whole tree leaf area (Al), B) sapwood area (As) and 
C) leaf area:sapwood area ratio (Al:As) versus stand basal 
area (BA). Bars are +/- one standard error. The regressions 
equations are: A) Al

2 = 0.99, 
p<0.01, B) As

2 = 0.97, p<0.01, 
and C) Al:As

2 = 0.92, p<0.01. 
Derived from McDowell and others (2006, 2007).

7KLQQLQJ�DOVR�DIIHFWHG�OHDI�DUHD�LQGH[��/$,���8QGHUVWRU\�
LAI, measured in 1998 and 1999, was more responsive 
WR� WKLQQLQJ� WKDQ� RYHUVWRU\� RU� WRWDO� VWDQG� /$,� �)LJXUH� ����
Thinning increased understory LAI, and the largest increase 
RFFXUUHG�DW�ORZ�%$��)LJXUH��$���8QGHUVWRU\�/$,�ZDV�D�VPDOO�
SURSRUWLRQ�RI�WRWDO�VWDQG�/$,�DW�DOO�%$��)LJXUH��%���WKH�FRQ-
tribution of the understory to total LAI ranged from about 
����DW� WKH� ORZHVW�%$����P2 ha-1�� WR�DERXW����DW� WKH�KLJK-
est (45 m2 ha-1�� %$� �)LJXUH� �%��� 2YHUVWRU\� DQG� WRWDO� /$,�
were highest at intermediate BA, and were lowest at both the 

KLJKHVW�DQG�ORZHVW�%$��)LJXUH��%���3HDN�WRWDO�VWDQG�SURMHFW-
ed-area LAI was about 2.0 m2 m-2. These results can be used 
to inform models of forest photosynthesis and transpiration 
and range production.

:H�SRROHG� GDWD� RQ� EROH� UHVLQ�ÀRZ� LQ� UHVSRQVH� WR� SKOR-
em wounding over a range of BA at Taylor Woods in 1994 
�.ROE�DQG�RWKHUV�������ZLWK�GDWD�IURP�IRXU�VLPLODU�VWXGLHV�
RI�SRQGHURVD�SLQH� LQ�QRUWKHUQ�$=� WR�DGGUHVV�ZKHWKHU� UHVLQ�
defense against bark beetles was related to stand basal area 
�0F'RZHOO� DQG� RWKHUV� ������� 5HVLQ� ÀRZ� ZDV� QHJDWLYHO\�
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related to BA for data from Taylor Woods and pooled over all 
VWXGLHV��)LJXUH��$���5HVLQ�ÀRZ�ZDV�SRVLWLYHO\�UHODWHG�WR�WUHH�
BAI for data from Taylor Woods and pooled over all studies 
�)LJXUH��%���6LOYLFXOWXULVWV�FDQ�XVH�RXU�UHVXOWV�WR�GHVLJQ�WUHDW-
ments that enhance tree resin defense against bark beetles.

Control of stand basal area by three and a half decades 
RI� UHSHDWHG� WKLQQLQJ� VWURQJO\� LQÀXHQFHG� VWDQG�OHYHO� DERYH�
JURXQG� FDUERQ� VHTXHVWUDWLRQ�� ZKLFK� ZDV� PHDVXUHG� DV�
DERYH�JURXQG� QHW� SULPDU\� SURGXFWLRQ� �133stand�� LQ� \HDUV�
���������� �0F'RZHOO� DQG�RWKHUV� �������1HW� SULPDU\�SUR-
duction decreased with stand basal area for non-normalized 
133stand� �)LJXUH� �$�� DQG� IRU� 133stand normalized by stand 
/$,��)LJXUH��%���7KXV��JUHDWHU�133stand at high BA occurred 
EHFDXVH� WKH� JUHDWHU� GHQVLW\� RI� VWHPV� DW� KLJK�%$� �7DEOH� ���
overcompensated for the lower growth rate of individual 
WUHHV�DW�KLJK�FRPSDUHG�ZLWK�ORZ�%$��H�J���)LJXUH��$��
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Figure 6. Individual-tree growth efficiency versus stand basal 
area (BA). Panels and regression relationships are: 

A) BAI per unit sapwood area (BAI/As, cm2 cm-2 As y
-1) = 

-0.0003 * BA + 0.031, p<0.01, r2=0.51, 
B) BAI per unit leaf area (BAI/Al, cm2 m-2 Al yr-1) = 0.006 * BA 

+ 0.127, p<0.01, r2=0.84, 
C) NPPs per unit sapwood area (NPPs/As, g cm-2 As yr-1), no 

significant relationship, 
D) NPPs per unit leaf area (NPPs/Al, g m-2 Al yr-1) 

=0.328*e(0.048*BA), p<0.01, r2=0.95, 
E) VI per unit sapwood area (VI/As, m

3 cm-2 As yr-1) = 0.00005 * 
BA + 0.048, p<0.01, r2=0.88, and 

F) VI per unit leaf area (VI/Al, m
3 m-2 Al yr-1) = 0.0002 * 

e(0.078*BA), p<0.01, r2=0.96. 
From McDowell and others (2007).
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Figure 7. A) Understory leaf area index (LAI) versus stand basal 
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symbols) LAI verses stand basal area. From McDowell and 
others (2007).
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Figure 8. Seven day resin flow after phloem wounding versus A) stand basal area (BA), and B) individual tree basal 
area increment (BAI). The regression relationships are: A) resin flow  = -0.28*BA + 18.9 (p=0.03, r2=0.36), and B) 
resin flow=0.79*BAI+ 4.5, (p=0.01, r2=0.84). The symbols denote different studies (see McDowell and others 2007 
for details). The dashed line in A) represents the relationship when the resin flow data that was converted from 
24-hour values to 7-day values (open triangles) is excluded. 

Figure 9. A) Stand-level primary 
production (NPPstand; annual average 
for 1996-2001) verses stand basal 
area, and B) stand level growth 
efficiency defined as NPPstand/total leaf 
area index (LAI) verses stand basal 
area. Bars are one standard error. 
From McDowell and others (2007).
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Introduction

2QH� RI� WKH� ¿UVW� PDMRU� PDQDJHPHQW� FRQXQGUXPV� LQ� WKH�
ponderosa pine-bunchgrass ecosystem of northern Arizona 
was how to manage public land for optimum use of both 
UDQJH� DQG� WLPEHU� UHVRXUFHV�� 7KH� KHDUW� RI� WKH� FRQÀLFW� ZDV�
due to livestock grazing impacts on ponderosa pine (Pinus 
ponderosa Laws. var. scopulorum (QJHOP��� UHSURGXFWLRQ��
Cattlemen and sheep men wanted to fully utilize the produc-
tive forage resources on the rangeland, but they could not 
guarantee that their livestock would not damage woody seed-
lings. This alarmed the foresters who were already concerned 
about the lack of pine reproduction in the ponderosa pine re-
JLRQV�RI�WKH�6RXWKZHVW��7KHUHIRUH��LW�ZDV�XS�WR�WKH�IRUHVW�DQG�
UDQJH�VFLHQWLVWV� WR�TXDQWLI\� WKH� LPSDFW�RI� OLYHVWRFN�RQ�SLQH�
reproduction and forage production, to determine whether 
wild herbivores or other agents may be responsible for pine 
VHHGOLQJ�GHPLVH��DQG� WR�GH¿QH�SURSHU�JUD]LQJ�PDQDJHPHQW�
for ponderosa pine-bunchgrass rangelands.

,Q������� WKH�)RUW�9DOOH\�([SHULPHQWDO�)RUHVW� LQLWLDWHG� D�
range-timber reproduction study. The study was one of the 
¿UVW� DWWHPSWV� WR� H[SHULPHQWDOO\� LVRODWH� WKH� DJHQWV� UHVSRQ-
sible for injury to ponderosa pine regeneration, and at the 
same time assess the impacts of livestock grazing on her-
baceous vegetation. The study was conducted on the United 
6WDWHV� )RUHVW� 6HUYLFH� �86)6�� UDQJH� DOORWPHQWV� QRUWKZHVW�
of Flagstaff, Arizona, known as Wild Bill and Willaha, and 
FRYHUHG�a�������DFUHV� �a�������KD��)LJXUH�����/RFDOO\�� WKH�
project was known as the “Cooperrider-Cassidy study.”

In: 2OEHUGLQJ��6XVDQ�'���DQG�0RRUH��0DUJDUHW�0���WHFK�FRRUGV��������)RUW�9DOOH\�([SHULPHQWDO�)RUHVW²$�&HQWXU\�RI�5HVHDUFK������������
3URFHHGLQJV�5056�3�����)RUW�&ROOLQV��&2��8�6��'HSDUWPHQW�RI�$JULFXOWXUH��)RUHVW�6HUYLFH��5RFN\�0RXQWDLQ�5HVHDUFK�6WDWLRQ������S�

Forest and Range Research on the “Wild Bill Plots” (1927-2007)

Daniel C. Laughlin, School of Forestry and Ecological Restoration Institute, 
Northern Arizona University, Flagstaff, AZ; and Margaret M. Moore, 
School of Forestry, Northern Arizona University, Flagstaff, AZ

Abstract—In 1927, the Fort Valley Experimental Forest initiated a range-timber reproduction 
study. The study was one of the first attempts to experimentally isolate the agents respon-
sible for injury to ponderosa pine regeneration, and at the same time assess the impacts of 
livestock grazing on herbaceous vegetation. The study was conducted on the USFS range 
allotments northwest of Flagstaff, Arizona, known as Wild Bill and Willaha, and covered 
~12,000 ha (~30,000 acres). Fifty-five permanently marked ponderosa pine “reproduction 
plots” were established to follow the fate of ponderosa pine seedlings, while an additional 
28-1 m2 chart quadrats were established to quantify herbaceous vegetation composition and 
cover. In 2006, most of the Wild Bill and Willaha plots were relocated and remeasured and 
examples of key preliminary findings are reported in this proceedings paper.

Two types of plots were established. First, 55 rectangu-
lar plots of variable size and dimension were established 
RQ�SDWFKHV�RI�SLQH� UHJHQHUDWLRQ��6HFRQG�������[���P�FKDUW�
TXDGUDWV��&OHPHQWV�������ZHUH�HVWDEOLVKHG�WR�VWXG\�WKH�KHU-
baceous vegetation.

Pine Reproduction Study

)LIW\�¿YH� SHUPDQHQWO\� PDUNHG� SRQGHURVD� SLQH� ³UHSUR-
GXFWLRQ�SORWV´��UDQJLQJ�IURP�������WR������DF�LQ�VL]H��ZHUH�
established throughout the range. Thirty plots were estab-
lished on the open range (where livestock had free access 
WR�IRUDJH�IURP�-XQH�WKURXJK�2FWREHU���ZKLOH����ZHUH�HVWDE-
lished within grazing enclosures. The enclosures were used 
to control the duration and timing of livestock use during the 
grazing season. These plots were centered on existing patch-
es of “scattered” or “dense” ~seven-year old ponderosa pine 
regeneration within areas represented by “badly overgrazed,” 
“properly utilized” and “under used” (these categories were 
GHWHUPLQHG� E\� WKH� H[SHUW� RSLQLRQV� RI� WKH� UDQJH� VFLHQWLVWV���
Within each plot, the researchers numbered, mapped, and 
WDJJHG�DOO�WKH�VHHGOLQJV�DQG�VPDOO�VDSOLQJV��)LJXUH�����2YHU�
the grazing season, they recorded pine seedling height, con-
dition, and apparent injury agent, and followed the fate of 
WKHVH� VHHGOLQJV� IURP� ����� XQWLO� ������5HSHDW� SKRWRV�ZHUH�
WDNHQ� WKURXJKRXW� WKH� RULJLQDO� VWXG\� ������������ DQG� DJDLQ�
LQ�������)LJXUH�����$�VHULHV�RI�SKRWRJUDSKV�RI�SORW����$�RQ�
WKH�:LOODKD�UDQJH�QRUWK�RI�.HQGULFN�0RXQWDLQ�LOOXVWUDWH�WKH�
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DEXQGDQFH�RI�SRQGHURVD�SLQH� UHJHQHUDWLRQ� LQ������DQG� WKH�
dramatic shift in the forest structure (tree size, density, and 
FDQRS\�FORVXUH��GXULQJ�WKH����\HDU�SHULRG�

&��.��&RRSHUULGHU�DQG�+��2��&DVVLG\�SXEOLVKHG�D�QXPEHU�
of research notes and reports from the Wild Bill and Willaha 
reproduction plots on the how to manage cattle and sheep 
on cut-over ponderosa pine-bunchgrass ranges to prevent in-
MXU\�WR�SLQH�UHJHQHUDWLRQ��&DVVLG\�����D��E��&RRSHUULGHU�DQG�
&DVVLG\�����D��E���&RRSHUULGHU��������DOVR�SURGXFHG�D�VHPL-
nal study in Plant Physiology about the recovery capacity of 
regenerating ponderosa pine following damage by animals. 
He observed that cattle, browsing game animals, sheep and 
tip moths did the most injury to seedlings older than three 
years, whereas rodents tended to damage the younger seed-
OLQJV�� 5RGHQWV� DQG� WLS� PRWKV� WHQGHG� WR� LQGXFH� WKH� PRVW�
GDPDJH��2I�WKH�������SRQGHURVD�SLQH�VHHGOLQJV�LQ�WKH�VWXG\��
���� ZHUH� EURZVHG� RQH� RU� PRUH� WLPHV�� RQO\� ��� RI� WKHVH�
EURZVHG�VHHGOLQJV�GLHG��$GGLWLRQDOO\�����RI�WKH�WRWDO�QXPEHU�
ZHUH�LQMXUHG�E\�URGHQWV��DQG�����RI�WKHVH�LQMXUHG�SLQHV�GLHG��
The young pines exhibited an extraordinary capacity to pro-
duce substitute buds and shoots to recover from shoot injury. 
2YHUDOO��RQO\����������VHHGOLQJV�������GLHG�IURP�EURZVLQJ�
ZKLOH�����������VHHGOLQJV�������GLHG�IURP�URGHQW�GDPDJH��

Figure 1. Wild Bill and Willaha study sites are located northwest 
of the San Francisco Peaks near Kendrick Mountain in 
northern Arizona.

No data were available for comparing dead tree seedlings 
IURP�QDWXUDO�FDXVHV�VXFK�DV�GURXJKW��ZLOG¿UH��RU�RWKHU�YHJ-
HWDWLRQ�FRPSHWLWLRQ��&RRSHUULGHU��������FRQFOXGHG�WKDW�LI�WKH�
southwestern ponderosa pine species did not have this ca-
pacity, then grazing would have seriously jeopardized future 
IRUHVWV�� &RRSHUULGHU� ������� DOVR� UHYLHZHG� WKH� SUREOHPV� RI�
JUD]LQJ�RQ�WLPEHU�ODQGV�RI�WKH�6RXWKZHVW�DQG�JDYH�VXJJHV-
tions to range managers about how to prevent livestock from 
damaging reproduction and from creating conditions that are 
not conducive to pine seedling establishment. He emphasized 
that livestock should not be allowed on the open range during 
times when water and forage are scarce, since these are the 
situations when pine seedlings are browsed the most heavily 
�&RRSHUULGHU�������

Herbaceous Utilization and 
Production Study

In addition to the pine reproduction plots, 28 1 x 1 m plots 
ZHUH� HVWDEOLVKHG� WR� TXDQWLI\� KHUEDFHRXV� FRPSRVLWLRQ� DQG�
cover within grazing enclosures and in the open range. To 
our knowledge, the data that were gathered on the 28 chart 
TXDGUDWV�ZDV�QHYHU�IRUPDOO\�SXEOLVKHG��+RZHYHU��DOO�RI�WKH�
RULJLQDO� GDWD�� FRPSOHWH� ZLWK� FKDUW� TXDGUDW�PDSV� DQG� VXP-
maries, were stored in the Fort Valley Experimental Forest 
$UFKLYHV� DW� WKH� 86)6� 5RFN\� 0RXQWDLQ� 5HVHDUFK� 6WDWLRQ�
�5056�� LQ�)ODJVWDII��$=��KWWS���ZZZ�UPUV�QDX�HGX�IRUWYDO-
OH\����+DQG�GUDZQ�FORWK�PDSV�DQG�D�PHWDO�GHWHFWRU�ZHUH�XVHG�
WR�ORFDWH�WKH�KLVWRULFDO�SORWV�DQG����RI�WKH����TXDGUDWV�ZHUH�
IRXQG��7KH�RQO\�PLVVLQJ�TXDGUDW�ZDV�DSSDUHQWO\�EXULHG�LQ�D�
slash pile.

We have mapped the plant species found on the chart 
TXDGUDWV�WR�TXDQWLI\�WKH�ORQJ�WHUP�FKDQJHV�LQ�SODQW�FRPPX-
QLW\� FRPSRVLWLRQ�� GLYHUVLW\�� DQG� DEXQGDQFH� �)LJXUH� ����:H�
GLJLWL]HG� WKH� PDSV� LQ� D� *HRJUDSKLFDO� ,QIRUPDWLRQ� 6\VWHP�
�*,6�� WR� IDFLOLWDWH� WKH� FDOFXODWLRQV� RI� LQGLYLGXDO� SODQW� DQG�
total basal cover and density. We used a repeated measures 
analysis (paired t�WHVW��WR�HYDOXDWH�ZKHWKHU�FKDQJHV�LQ�SODQW�
VSHFLHV�ULFKQHVV�DQG�EDVDO�FRYHU�EHWZHHQ������DQG������GLI-
IHUHG�VLJQL¿FDQWO\�IURP�]HUR��2Q�DYHUDJH�WKUHH�VSHFLHV�ZHUH�
ORVW�SHU�SORW��PHDQ�GLIIHUHQFH� �������VSHFLHV��SDLUHG�t� �������
P�  � ��������� DQG� ���� SODQW� EDVDO� FRYHU�ZDV� ORVW� SHU� SORW�
�PHDQ�GLIIHUHQFH� ��������SDLUHG�t� �������P�����������RYHU�WKH�
SDVW����\HDUV��)LJXUH�����7KH�UHGXFWLRQ�LQ�SODQW�GLYHUVLW\�DQG�
abundance was likely caused by the increase in pine over-
VWRU\�GRPLQDQFH�DQG�VXEVHTXHQW�UHGXFWLRQ�RI�OLJKW�DQG�RWKHU�
FULWLFDO�UHVRXUFHV��)LJXUH�����:H�DUH�FXUUHQWO\�UHFRQVWUXFWLQJ�
historical forest structure (Bakker and others, this proceed-
LQJV��RQ����[����P�SORWV�FHQWHUHG�RQ� WKH�FKDUW�TXDGUDWV� WR�
estimate forest structural changes on each plot.

,Q� DGGLWLRQ�� &DQ¿HOG� ������� HYDOXDWHG� DQG� WHVWHG� KLV�
line intercept method for measuring the density and com-
position of herbaceous vegetation and shrubs in rangelands 
and forests on the Wild Bill allotment. This method, which 
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was an important methodological advancement, was subse-
TXHQWO\�XVHG�RQ�D�UHODWHG�VHW�RI�ORQJ�WHUP�KLVWRULFDO�SORWV��WKH�
µ+LOO� SORWV¶�� DOVR� VHH� %DNNHU� DQG� RWKHUV�� WKLV� SURFHHGLQJV��
E\�*OHQGHQLQJ� ������� DQG�%DNNHU� DQG�0RRUH� �������� DQG�
proved to be of great value for evaluating long-term vegeta-
tion changes in southwestern ponderosa pine forests.

Currently, we are relating long-term shifts in plant com-
munity composition to physical and chemical soil properties 
and changes in overstory structure. We are also using these 
data to link the above-ground plant community to below-
ground ecosystem processes to better understand the complex 
interactions and feedbacks that occur between plants and soil. 
We will use these data to predict how ecosystem process rates 
�H�J��� GHFRPSRVLWLRQ� DQG� QLWUL¿FDWLRQ�� KDYH� FKDQJHG� RYHU�
time due to changes in forest structure that have occurred 
over the last century in ponderosa pine forests.

Summary
,Q������� WKH�)RUW�9DOOH\�([SHULPHQWDO�)RUHVW� LQLWLDWHG� D�

study on the Wild Bill range to experimentally isolate the 

Figure 2. Pine reproduction plot 149A 
on the Willaha range north of 
Kendrick mountain.

agents responsible for injury to ponderosa pine regeneration 
and assess the impacts of livestock grazing on herbaceous 
YHJHWDWLRQ��&RRSHUULGHU��������VKRZHG�WKDW�\RXQJ�SLQHV�H[-
hibited an extraordinary capacity to produce substitute buds 
and shoots to recover from shoot injury and suggested that 
if the pines did not have this capacity, then grazing would 
KDYH�VHULRXVO\�MHRSDUGL]HG�IXWXUH�IRUHVWV��&RRSHUULGHU��������
made recommendations to range managers about how to 
avoid excessive damage to timber resources by using proper 
timing of livestock grazing on the open range.

 In addition to the pine reproduction plots, 28 1 x 1 m 
SORWV�ZHUH� HVWDEOLVKHG� WR� TXDQWLI\� KHUEDFHRXV� FRPSRVLWLRQ�
and cover within grazing enclosures and in the open range. 
:H�KDYH�IRXQG����RI�WKH����TXDGUDWV��DQG�RXU�LQLWLDO�DQDO\VHV�
show that plant basal cover and species richness have sig-
QL¿FDQWO\�GHFOLQHG�RQ�WKH�:LOG�%LOO�UDQJH�EHWZHHQ������DQG�
�����

Long-term datasets are extremely valuable for studying 
the factors that control vegetation. The permanent plots that 
were established on the Wild Bill range date to a time when 
ecology was a very young discipline. The fact that we located 
���RI�WKH����SHUPDQHQW�FKDUW�TXDGUDWV�LV�D�WHVWDPHQW�WR�WKH�
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Figure 3. Repeat photograph (1935, top; 
2006, bottom) of pine reproduction plot 
#149A in the Willaha range north of 
Kendrick Mountain. The black circles 
show the same galvanized steel pipes 
that mark the corners of the reproduction 
plot, and the arrow indicates the 
location of the angle iron that marks one 
corner of chart quadrat #1. Photo credit: 
1935 by W. J. Cribbs; 2006 by D. C. 
Laughlin.

TXDOLW\�RI�ZRUN�GRQH�E\�WKH�¿UVW�UDQJH�DQG�IRUHVW�VFLHQWLVWV�
in Arizona. In addition, the care and storage of the historical 
GDWD�LQ�WKH�86)6�5056�)RUW�9DOOH\�DUFKLYHV�ZDV�FULWLFDO�IRU�
making this long-term study possible. 
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&DVVLG\��+��2������E��+RZ�WR�KDQGOH�VKHHS�RQ�FXW�RYHU�SRQGHURVD�
pine-bunchgrass ranges to keep injury to reproduction to a 
PLQLPXP��5HV��1RWH�����8�6��'HSDUWPHQW�RI�$JULFXOWXUH��
)RUHVW�6HUYLFH��6RXWKZHVWHUQ�)RUHVW�DQG�5DQJH�([SHULPHQW�
6WDWLRQ����S�

&OHPHQWV��)��(��������5HVHDUFK�PHWKRGV�LQ�HFRORJ\��/LQFROQ��1(��
7KH�8QLYHUVLW\�3XEO��&R��

&RRSHUULGHU��&��.��������5HFRYHU\�SURFHVVHV�RI�SRQGHURVD�SLQH�
UHSURGXFWLRQ�IROORZLQJ�LQMXU\�WR�\RXQJ�DQQXDO�JURZWK��3ODQW�
3K\VLRORJ\�����������

&RRSHUULGHU��&��.��������*UD]LQJ�DQG�ZHVWHUQ�WLPEHU�SURGXFWLRQ��
3URFHHGLQJV�RI�WKH�5DQJH�5HVHDUFK�6HPLQDU��86'$�)RUHVW�
6HUYLFH����������

&RRSHUULGHU��&�.���&DVVLG\��+�2������D��&DWWOH�JUD]LQJ�LQ�FXWRYHU�
timberlands in relation to regeneration of ponderosa pine forests 

Figure 5. Significant declines 
in plant cover and species 
richness have occurred 
on the 1 m2 Wild Bill and 
Willaha chart quadrats  
(n = 27) from 1928-1938 
to 2007. A paired t-test was 
used to perform a repeated 
measures analysis to test 
whether changes in species 
richness and plant cover 
were significantly different 
than zero.

RI�WKH�6RXWKZHVW��6RXWKZHVWHUQ�)RUHVW�DQG�5DQJH�([SHULPHQWDO�
6WDWLRQ��8QSXE��3DS��RQ�¿OH�DW�)ODJVWDII��$=��8�6��'HSDUWPHQW�
RI�$JULFXOWXUH��)RUHVW�6HUYLFH��5RFN\�0RXQWDLQ�5HVHDUFK�
6WDWLRQ��)RUW�9DOOH\�([SHULPHQWDO�)RUHVW�DUFKLYHV�

&RRSHUULGHU��&�.���&DVVLG\��+�2������E��6KHHS�JUD]LQJ�LQ�FXWRYHU�
timberlands in relation to regeneration of ponderosa pine forests 
RI�WKH�6RXWKZHVW��6RXWKZHVWHUQ�)RUHVW�DQG�5DQJH�([SHULPHQWDO�
6WDWLRQ��8QSXE��3DS��RQ�¿OH�DW�)ODJVWDII��$=��8�6��'HSDUWPHQW�
RI�$JULFXOWXUH��)RUHVW�6HUYLFH��5RFN\�0RXQWDLQ�5HVHDUFK�
6WDWLRQ��)RUW�9DOOH\�([SHULPHQWDO�)RUHVW�DUFKLYHV�

*OHQGHQLQJ��*�(��������:RUN�SODQ²VXPPHU�������+LOO�VWXG\�
SORWV��&RFRQLQR��8QSXE��3DS��RQ�¿OH�DW�)ODJVWDII��$=��8�6��
'HSDUWPHQW�RI�$JULFXOWXUH��)RUHVW�6HUYLFH��5RFN\�0RXQWDLQ�
5HVHDUFK�6WDWLRQ��)RUW�9DOOH\�([SHULPHQWDO�)RUHVW�DUFKLYHV��

The content of this paper reflects the views of the author(s), who are 
responsible for the facts and accuracy of the information presented 
herein.
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In: 2OEHUGLQJ��6XVDQ�'���DQG�0RRUH��0DUJDUHW�0���WHFK�FRRUGV��������)RUW�9DOOH\�([SHULPHQWDO�)RUHVW²$�&HQWXU\�RI�5HVHDUFK������������
3URFHHGLQJV�5056�3�����)RUW�&ROOLQV��&2��8�6��'HSDUWPHQW�RI�$JULFXOWXUH��)RUHVW�6HUYLFH��5RFN\�0RXQWDLQ�5HVHDUFK�6WDWLRQ������S�

Introduction and Background

3ULRU� WR� ¿UH� H[FOXVLRQ� LQ� WKH� ODWH� ��th century, pondero-
VD�SLQH�IRUHVWV�LQ�QRUWKHUQ�$UL]RQD�DQG�WKH�6RXWKZHVW�ZHUH�
described as a matrix of grass-dominated openings inter-
spersed with smaller groups or stands of pine (Cooper 1960, 
3HDUVRQ� ������� 7RGD\�� PRVW� VRXWKZHVWHUQ� SRQGHURVD� SLQH�
forests have a closed overstory canopy intermixed with a few 
fragmented, remnant grass openings (Covington and Moore 
������&RYLQJWRQ�DQG�RWKHUV��������7KLV�VWXG\�ZDV�LQLWLDWHG�
LQ������DW�WKH�*�$��3HDUVRQ�1DWXUDO�$UHD��*31$��RQ�WKH�)RUW�
9DOOH\�([SHULPHQWDO�)RUHVW� �)9()�� WR� UHVWRUH�D� UHDVRQDEOH�
approximation of the presettlement ponderosa pine structure 
and function and to evaluate long-term ecosystem responses 
WR� WZR� UHVWRUDWLRQ� WUHDWPHQWV� �&RYLQJWRQ�DQG�RWKHUV��������
7KLV� ³SUHVHWWOHPHQW� RU� SUH�¿UH�H[FOXVLRQ� PRGHO´� TXLFNO\�
returned tree structure to what it was in pre-Euro American 
settlement times through thinning postsettlement trees, and 
UH�LQWURGXFHG�ORZ�LQWHQVLW\�VXUIDFH�¿UH��Covington and oth-
HUV��������,GHDOO\��WKHVH�WUHDWPHQWV�ZLOO�UHGXFH�WKH�WKUHDW�RI�
XQQDWXUDOO\� LQWHQVH� FURZQ�¿UHV� DQG�EDUN�EHHWOH� DWWDFN�� DQG�
allow this ponderosa pine ecosystem to respond adaptively to 
climate change. Tree physiology, herbaceous vegetation, and 
ecosystem responses within thinning and prescribed burning 
WUHDWPHQWV�ZHUH�H[DPLQHG��+HUH�ZH�UHSRUW�NH\�¿QGLQJV��UHDG-
HUV�VKRXOG�UHIHU�WR�VSHFL¿F�SXEOLFDWLRQV�OLVWHG�LQ�$SSHQGL[�,�
for details.

Ecological Restoration Experiments (1992-2007) at the G. A. 
Pearson Natural Area, Fort Valley Experimental Forest

Margaret M. Moore, W. Wallace Covington, Peter Z. Fulé, Stephen C. 
Hart, and Thomas E. Kolb, School of Forestry, Northern Arizona 
University, Flagstaff, AZ; Joy N. Mast, Carthage College, Kenosha, 
WI; Stephen S. Sackett, (ret.), 75(5�2CEKğE�5QWVJYGUV�4GUGCTEJ�
Station, Riverside, CA; and Michael R. Wagner, School of Forestry, 
Northern Arizona University, Flagstaff, AZ

Abstract—In 1992 an experiment was initiated at the G. A. Pearson Natural Area on the 
Fort Valley Experimental Forest to evaluate long-term ecosystem responses to two restoration 
treatments: thinning only and thinning with prescribed burning. Fifteen years of key findings 
about tree physiology, herbaceous, and ecosystem responses are presented.

Methods

Study Site

This study was conducted on a decommissioned portion 
RI�WKH�*31$��ORFDWHG����NP�QRUWKZHVW�RI�)ODJVWDII��$UL]RQD�
in the FVEF, Coconino National Forest. The 4.5 ha study site 
UDQJHV�IURP�����������P�LQ�HOHYDWLRQ��DQG�KDV�D�ÀDW�WR�JHQ-
WO\� UROOLQJ� WRSRJUDSK\��6RLOV� DUH�%UROOLDU� VWRQ\� FOD\� ORDPV��
DQG�D�FRPSOH[�RI�¿QH��VPHFWLWLF�7\SLF�$UJLERUROOV�DQG�0ROOLF�
(XWURERUDOIV� �.HUQV� DQG� RWKHUV� �������7KH� DYHUDJH� DQQXDO�
WHPSHUDWXUH�LV�����&��$YHUDJH�DQQXDO�SUHFLSLWDWLRQ�LV�DSSUR[-
LPDWHO\����FP��ZLWK�DSSUR[LPDWHO\�KDOI�RFFXUULQJ�DV�UDLQ�LQ�
July and August and half as snow in the winter. Drought was 
common during this study, with 2002 being especially severe 
�)LJXUH� ���� ,Q� ������ D� ����P� WDOO� IHQFH�ZDV� FRQVWUXFWHG� WR�
H[FOXGH�ZLOG� DQG� GRPHVWLF� XQJXODWHV� IURP� WKH�*31$� UHV-
WRUDWLRQ�H[SHULPHQW��7KH�VSHFL¿F�SRUWLRQ�RI�*31$�XVHG� LQ�
this study was never harvested for timber (Avery and oth-
HUV��������7KH� ODVW�PDMRU�¿UH� LQ� WKH�DUHD�RFFXUUHG� LQ������
�'LHWHULFK� ������� 3RQGHURVD� SLQH� �Pinus ponderosa Laws. 
var. scopulorum (QJHOP��� LV� WKH� RQO\� WUHH� VSHFLHV� RQ� WKH�
study site and Fendler’s ceanothus (Ceanothus fendleri *UD\��
is the only shrub. The understory is dominated by perennial 
graminoid and forb species.



210 USDA Forest Service RMRS-P-55.  2008.

Treatments and Patch Types

,Q� ������ ¿YH� ��������KD� SORWV� ZHUH� HVWDEOLVKHG� LQ� HDFK�
RI� WKUHH� WUHDWPHQWV�� ��� WKLQQLQJ� IURP� EHORZ� �WKLQQLQJ�� VHH�
)LJXUH��������WKLQQLQJ�IURP�EHORZ�SOXV�IRUHVW�ÀRRU�PDQLSX-
ODWLRQ� ZLWK� SHULRGLF� SUHVFULEHG� EXUQLQJ� �FRPSRVLWH��� DQG� 
���FRQWURO��7KH�¿YH�FRQWURO�WUHDWPHQW�SORWV�ZHUH�ORFDWHG�QRQ�
randomly on one side of the study site, while the thinning 
and composite treatment plots were assigned randomly. This 
design was necessary so that the fuel break created by the 
treated plots would protect the historical buildings of the ad-
jacent FVEF.

Each treatment plot contained four patch types: pre-
settlement tree groups, unthinned postsettlement trees 
�³SRVWVHWWOHPHQW� UHWDLQHG´��� WKLQQHG� SRVWVHWWOHPHQW� WUHHV�
�³SRVWVHWWOHPHQW� UHPRYHG´��� DQG� UHPQDQW� JUDVV� RSHQLQJV�
�)LJXUH�����3UHVHWWOHPHQW�WUHH�SDWFKHV�FRQVLVWHG�RI�JURXSV�RI�
WZR� RU�PRUH� ODUJH� WUHHV� �PRVWO\� !� ��� FP�� WKDW� HVWDEOLVKHG�
SULRU� WR� ������ 3RVWVHWWOHPHQW� UHWDLQHG� SDWFKHV� FRQVLVWHG� RI�
D� JURXS�RI� VPDOO�GLDPHWHU� ��� ��� FP�� WUHHV� WKDW� HVWDEOLVKHG�
DIWHU�������3RVWVHWWOHPHQW�UHPRYHG�SDWFKHV�FRQVLVWHG�RI�DQ�
area where most or all postsettlement trees were thinned and 
UHPRYHG�IURP�WKH�VLWH��WKHUHE\�FUHDWLQJ�DQ�RSHQLQJ��5HPQDQW�
grass patches were located within open areas between patch-
es of trees.

3UHWUHDWPHQW� GDWD� ZHUH� FROOHFWHG� LQ� ������ ,Q� ������
thinning resulted in the removal of 2226 trees ha-1. All pre-
settlement trees and trees > 40.6 cm diameter at breast height 
were retained. In addition, 5-15 smaller diameter trees were 
retained in each plot to replace stumps, snags, and downed 
logs and recreate the group pattern of the presettlement for-
HVW��&RYLQJWRQ�DQG�RWKHUV�������(GPLQVWHU�DQG�2OVHQ�������
:KLWH� ������� 3LQH� EDVDO� DUHD� ZDV� UHGXFHG� E\� ���� LQ� WKH�
SRVWVHWWOHPHQW�UHWDLQHG�SDWFKHV�DQG�E\�����LQ�WKH�SRVWVHWWOH-
PHQW� UHPRYHG� SDWFKHV�� 7KH� ¿UVW� SUHVFULEHG� EXUQ� RFFXUUHG�
LQ�2FWREHU������DQG�VXEVHTXHQW�EXUQV�RFFXUUHG�LQ�2FWREHU�

Figure 1. Annual precipitation from 1992-2004 as percent 
departure from the long-term (51 yr) average. Annual totals 
included the 12 months of precipitation before vegetation 
sampling (previous September through August). Dark 
symbols indicate years in which vegetation was sampled 
(1992-2004). From Moore and others (2006).
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Figure 2. Repeat photographs of a thinning treatment photo 

point (photo point 302) in the GPNA in 1992, prior to 
treatment (top photo), in 1998, 5 years after thinning 
(middle photo), and in 2004, 11 years after thinning (bottom 
photo). The arrows highlight the same tree (approx. 15 cm 
at dbh) in each photo. All photos were taken in early 
autumn (September to early October). Note the difference 
in herbaceous standing crop between 1998, an average 
year in precipitation, and 2004, which was > 40% below 
normal. Photo credits: Ecological Restoration Institute, 
Northern Arizona University. From Moore and others 
(2006).
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������������DQG�������6HH�&RYLQJWRQ�DQG�RWKHUV��������DQG�
VXEVHTXHQW� SXEOLFDWLRQV� OLVWHG� LQ�$SSHQGL[� ,� IRU�PRUH� GH-
tailed accounts of experimental design, data collections and 
analyses.

Results and Discussion

Stand Structure

$JH�GDWD�ZHUH�XVHG�WR�GRFXPHQW������IRUHVW�VWUXFWXUH��WKH�
\HDU�RI� WKH� ODVW�PDMRU�¿UH��� WR�PRQLWRU� WUHDWPHQW�HIIHFWV�RQ�
old-tree persistence, and to test methods of reconstructing 
SDVW�IRUHVW�FRQGLWLRQV��0DVW�DQG�RWKHUV��������7KH�ROGHVW�OLY-
ing tree in 1992 had a center date of 1554 but the oldest tree 
WKDW�ZDV�DOLYH�LQ������KDG�D�FHQWHU�GDWH�RI�������)LJXUHV�������

$SSUR[LPDWHO\� ���� RI� WKH� WUHHV� ZHUH� �� ���� \U� ROG� LQ�
�����ZLWK�DJHV�UDQJLQJ�WR�����\U��,I�GHDG�WUHHV�KDG�QRW�EHHQ�
included in the reconstruction, the distribution would have 

Figure 3. Example photos of each patch 
type used in this study:  
(a) presettlement, (b) postsettlement 
retained, (c) remnant grass, and  
(d) postsettlement removed. Plot 
centers for smaller subplots are located 
between black buckets. Photo credits: 
Ecological Restoration Institute, 
Northern Arizona University. From 
Laughlin and others (2006).

EHHQ� ELDVHG� WRZDUG� \RXQJHU� WUHHV� DQG� D� ���� VKRUWHU� DJH�
range. The presettlement age distribution was multimodal 
ZLWK�EURDG�SHDNV�RI�HVWDEOLVKPHQW��$OWKRXJK�¿UH�GLVWXUEDQFH�
regimes and climatic conditions varied over the centuries be-
IRUH�������D�FOHDU�UHODWLRQVKLS�EHWZHHQ�WKHVH�YDULDWLRQV�DQG�
WUHH�HVWDEOLVKPHQW�ZDV�QRW�REVHUYHG��'XH�WR�¿UH�H[FOXVLRQ��
reduced grass competition, and favorable climatic events, 
high levels of regeneration in the 20th century raised forest 
density from 60 trees ha-1�LQ������WR������WUHHV�KD-1 in 1992. 
This ecological restoration experiment conserved all living 
presettlement trees and reduced the density of young trees to 
near presettlement levels. 

Effect of Treatments on Old-Growth 
Trees

The old, presettlement trees responded to thinning in the 
¿UVW� \HDU�ZLWK� JUHDWHU�ZDWHU� XSWDNH�� VWRPDWDO� FRQGXFWDQFH��
net photosynthetic rate, and leaf nitrogen concentration, 
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Figure 4. Reconstructed 
1876 age structure of the 
sampled 4.5-ha ponderosa 
pine stand at the G.A. 
Pearson Natural Area 
(GPNA), Arizona. Dates 
are midpoints of 10-year 
age classes. Center dates of 
203 trees are shown. The 
smoothed reconstructed 
Palmer Drought Stress Index 
GP-41 (Cook and others 
1996) and a standardized 
tree-ring width index 
for the GPNA (AZ521.
CRN [Graybill 1987]) are 
shown for comparison 
with the presettlement tree 
establishment dates. All the 
indices are dimensionless. 
From Mast and others 
(1999).

Figure 5. Age structure in 1992 after 116 yr of fire exclusion. The graph is a composite of dated trees of 
presettlement origin and a subsample of dated trees of postsettlement origin. From Mast and others (1999).
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and these physiological changes persisted through at least 
the seventh post-treatment year (Feeney and others 1998, 
6WRQH� DQG� RWKHUV� ������:DOOLQ� DQG� RWKHUV� �������7KLQQLQJ�
consistently increased bole basal area increment starting in 
the second post-treatment year and for the next 10 years, ex-
FHSW�LQ�WKH�VHYHUH�GURXJKW�RI�������)LJXUH����.ROE�DQG�RWKHUV�
�������7KLQQLQJ�DOVR�UHGXFHG�FURZQ�GLHEDFN�RYHU�WKH�¿UVW����
SRVW�WUHDWPHQW�\HDUV��.ROE�DQG�RWKHUV��������5HVLQ�ÀRZ�GH-
fense against bark beetles was consistently stimulated by the 
composite treatment only (Feeney and others 1998, Wallin 
DQG� RWKHUV� �������7ZR� F\FOHV� RI� EXUQLQJ� LQ� WKH� FRPSRVLWH�
treatment reduced leaf nitrogen concentration compared 
ZLWK�WKH�WKLQ�DORQH�WUHDWPHQW��:DOOLQ�DQG�RWKHUV��������EXW�
growth was similar for trees in both treatments in most post- 
WUHDWPHQW�\HDUV��.ROE�DQG�RWKHUV�������

Effects of Treatments and Patch Type on 
Herbaceous Plants

Total herbaceous standing crop, measured between 1994 
DQG�������ZDV�VLJQL¿FDQWO\�KLJKHU�RQ�WKH�WUHDWHG�DUHDV�WKDQ�
on the control over the entire post-treatment period, but did 
not differ between the two treatments (Moore and others 
������� ,Q� JHQHUDO�� WKH� JUDPLQRLG� VWDQGLQJ� FURS� UHVSRQGHG�
within several years after the initial treatments and contin-
ued to increase through time, until a series of severe droughts 
UHGXFHG� VWDQGLQJ� FURS� WR� SUHWUHDWPHQW� OHYHOV� �)LJXUH� ����
C�� JUDPLQRLGV� �SULPDULO\� ERWWOHEUXVK� VTXLUUHOWDLO�� Elymus 
elymoides��GRPLQDWHG�WKH�VWDQGLQJ�FURS�UHVSRQVH��&4 grami-
noids, such as mountain muhly (Muhlenbergia montana��
had a minimal response to restoration treatments, possibly 

because this species was less abundant before the experiment 
began or adversely affected by autumn burning. Legumes 
DQG� IRUEV� H[KLELWHG� D� �±�� \HDU� ODJ� UHVSRQVH� WR� WUHDWPHQW��
3DWFK�W\SH�KDG�D�JUHDWHU�LQÀXHQFH�RQ�WKH�KHUEDFHRXV�VWDQG-
ing crop than treatment effect (Figure 8, Laughlin and others 
�������DQG�GLIIHUHG�E\�IXQFWLRQDO�JURXS�DQG�VSHFLHV��6SHFLHV�
richness and composition differed among patch types prior 
to treatment, and there was a long lag time (11 and 5 yrs, re-
VSHFWLYHO\��EHIRUH�DQ\�WUHDWPHQW�GLIIHUHQFHV�ZHUH�VLJQL¿FDQW�
�/DXJKOLQ�DQG�RWKHUV�������

Effects of Treatments on Ecosystem 
Processes 

'XULQJ�WKH�¿UVW�WZR�\HDUV�IROORZLQJ�WUHDWPHQWV��WRWDO�QHW�
SULPDU\� SURGXFWLRQ� �QSS�� ZDV� VLPLODU� DPRQJ� FRQWURO� DQG�
UHVWRUHG��WUHDWHG��SORWV�EHFDXVH�D��������GHFUHDVH�LQ�SLQH�IR-
OLDJH�DQG�¿QH�URRW�SURGXFWLRQ�LQ�UHVWRUHG�SORWV�ZDV�EDODQFHG�
by greater wood, coarse root, and herbaceous production 
�)LJXUH����.D\H�DQG�RWKHUV��������(OHPHQWDO�ÀX[�UDWHV��&��1��
DQG�3��LQ�FRQWURO�SORWV�JHQHUDOO\�GHFOLQHG�PRUH�LQ�D�GURXJKW�
\HDU�WKDQ�UDWHV�LQ�UHVWRUHG�SORWV��.D\H�DQG�RWKHUV��������1HW�
1�PLQHUDOL]DWLRQ�DQG�QLWUL¿FDWLRQ�UDWHV�JHQHUDOO\�ZHUH�KLJKHU�
LQ�UHVWRUHG�FRPSDUHG�WR�FRQWURO�SORWV��.D\H�DQG�RWKHUV��������
and were also typically higher in grass patches than under 
SLQH�WUHHV��.D\H�DQG�+DUW�����D���(VWLPDWHV�RI�1�DQG�3�ORVV�
YLD�OHDFKLQJ�ZHUH�ORZ�DQG�VLPLODU�DPRQJ�WUHDWPHQWV��.D\H�
DQG�RWKHUV��������'XULQJ�WKLV�LQLWLDO�UHVSRQVH�SHULRG��VRLO�&22 
HIÀX[� �D�PHDVXUH�RI�EHORZ�JURXQG�ELRORJLFDO�DFWLYLW\��ZDV�
similar among treatments during a near-average precipitation 
\HDU��EXW�ZDV�KLJKHU�LQ�UHVWRUHG�SORWV�GXULQJ�D�GU\�\HDU��.D\H�

Figure 6. Basal area increment 
of old ponderosa pine 
at the GPNA in northern 
Arizona was stimulated by 
thinning treatments and 
increment was similar for 
trees in thinned alone and 
thinned plus prescribed 
burned treatments. The 
vertical line shows the 
year of treatment. The P 
values are from repeated 
measures MANOVA for 
the post-treatment years. 
* indicates significant 
(P<0.05) differences among 
treatments in ANOVA by 
year. Another MANOVA 
showed no difference in 
increment among trees 
in different treatments for 
the 10 pretreatment years 
(1984-1993). Error bars are 
one standard error of the 
mean. From Kolb and others 
(2007).
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Figure 7. Total herbaceous standing 
crop (mean + SD) in three 
treatments between 1992 and 
2004. Data from 1992 represent 
pretreatment data. Lowercase 
letters indicate significant 
differences among treatments 
within years. The arrow denotes 
the extreme drought year 
(2002) and vertical lines denote 
prescribed burn years. From 
Moore and others (2006).

Figure 8. Total herbaceous standing crop 
(mean +1 SD) among patch types from 
1992 to 2004. Pairwise comparisons 
of patches within years are reported for 
each year. From Laughlin and others 
(2006).

DQG�+DUW�����E���$�VLPLODU�LQWHUDFWLRQ�EHWZHHQ�ZDWHU�DYDLO-
ability and treatment responses on soil CO2�HIÀX[�ZDV�IRXQG�
seven years after the initial treatments were implemented 
�%R\OH� DQG� RWKHUV� ������� 6HYHQ� \HDUV� SRVW�WUHDWPHQW�� VRLO�
enzyme activities were higher in the composite restoration 
SORWV�WKDQ�WKH�RWKHU�WUHDWPHQWV��PRLVW�SHULRGV�RQO\���DQG�WKH�
community-level physiological capacities of soil microor-
JDQLVPV�LQ�FRPSRVLWH�UHVWRUDWLRQ�SORWV��GU\�SHULRG�RQO\��DOVR�
GLIIHUHG�IURP�WKH�RWKHU�WUHDWPHQWV��%R\OH�DQG�RWKHUV��������
6XUIDFH� VRLO� WHPSHUDWXUH� LQ� WKH� FRPSRVLWH� UHVWRUDWLRQ� SORWV�
during the growing season has consistently been 1-5 °C high-
er than in the control plots, with the thinning restoration plots 

intermediate. In contrast, surface soil water content generally 
showed the opposite pattern, with soil water content higher in 
FRQWURO�SORWV��%R\OH�DQG�RWKHUV�������

6LPXODWLRQ�PRGHOLQJ�ZLWK� WKH� HFRORJLFDO� SURFHVV�PRGHO�
),5(680�VKRZHG�WKDW�UHSHDWHG�VXUIDFH�¿UH�ZDV�SUHGLFWHG�WR�
maintain the open forest structure of the composite treatment. 
In contrast, the thin-only treatment was forecast to return to 
high forest densities similar to those of the control within a 
century. These simulation results suggest restoration of dis-
turbance process, as well as characteristic forest structure, 
are both important for sustaining the function of these forests 
�&RYLQJWRQ�DQG�RWKHUV�������
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Summary

7KH�³SUHVHWWOHPHQW�PRGHO´� UHVWRUDWLRQ�DSSURDFK�TXLFNO\�
returned tree structure to what it was in pre-Euro American 
settlement times through thinning postsettlement trees. Low-
LQWHQVLW\� VXUIDFH� ¿UHV� ZHUH� DOVR� UH�LQWURGXFHG� HYHU\� IRXU�
\HDUV��6XUSULVLQJO\��IHZ�GLIIHUHQFHV�ZHUH�IRXQG�EHWZHHQ�WKH�
WKLQQHG�DQG�FRPSRVLWH��WKLQQHG�DQG�EXUQHG�� WUHDWPHQWV��DO-
though the treated plots did differ from the untreated control. 
Old-growth tree growth, herbaceous standing crop, net N 
PLQHUDOL]DWLRQ�DQG�QLWUL¿FDWLRQ� UDWHV�ZHUH�KLJKHU� LQ� WUHDWHG�
FRPSDUHG� WR� FRQWURO� SORWV�� 6XEWOH� EXW� LPSRUWDQW� YDULDEOHV�
VXFK�DV�UHVLQ�ÀRZ�GHIHQVH�DJDLQVW�EDUN�EHHWOHV�DQG�VRLO�HQ-
]\PH�DFWLYLWLHV�ZHUH�KLJKHU�LQ�WKH�FRPSRVLWH�WUHDWPHQW��3DWFK�
W\SH� KDG� D� JUHDWHU� LQÀXHQFH� WKDQ� WKH� WUHDWPHQW� RQ� VSHFL¿F�
variables such as herbaceous standing crop. A major role of 
¿UH� LQ�PDLQWDLQLQJ� HFRV\VWHP� IXQFWLRQ� LV� DV� D�PDQDJHU� RI�
vegetation structure rather than as a direct mineralizer of nu-
WULHQWV�³WLHG�XS´�LQ�GHWULWXV��+DUW�DQG�RWKHUV��������7KLQQLQJ�
and composite treatments both do a good job “returning” 
HFRV\VWHP�IXQFWLRQ�EXW�UHSHDWHG�¿UH�PDLQWDLQV�WKH�VWUXFWXUH�
while thinning alone will eventually allow the ecosystem to 
return to its pretreatment state. Inter-annual variability in cli-
mate plays a key role in how the ecosystem responds to any 
treatment. 

Figure 9. Total net primary production (NPP) in untreated 
control, thinning restoration, and composite restoration 
treatments. Bars depict means +1 SE (n = 5 plots). There 
were no significant differences among treatments in 
aboveground NPP (ANPP), belowground NPP (BNPP), 
or total NPP for individual years or repeated-measures 
ANOVA (P > 0.10). From Kaye and others (2005).
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In: 2OEHUGLQJ��6XVDQ�'���DQG�0RRUH��0DUJDUHW�0���WHFK�FRRUGV��������)RUW�9DOOH\�([SHULPHQWDO�)RUHVW²$�&HQWXU\�RI�5HVHDUFK������������
3URFHHGLQJV�5056�3�����)RUW�&ROOLQV��&2��8�6��'HSDUWPHQW�RI�$JULFXOWXUH��)RUHVW�6HUYLFH��5RFN\�0RXQWDLQ�5HVHDUFK�6WDWLRQ������S�

Introduction

3ULRU�WR�(XURSHDQ�VHWWOHPHQW�RI�WKH�0RJROORQ�5LP��SRQ-
derosa pine forests consisted of open stands of uneven-aged 
WUHHV� ZLWK� D� VLJQL¿FDQW� JUDVV\� XQGHUVWRU\� �6DFNHWW� �������
*UDVV� ELRPDVV� UHGXFWLRQ� IURP� LQWHQVLYH� VKHHS� DQG� FDWWOH�
grazing in the late 19th century, a large ponderosa pine 
(Pinus ponderosa�� UHJHQHUDWLRQ�SXOVH� LQ� WKH�HDUO\���th cen-
WXU\��DQG�WKHQ�IRUHVW�¿UH�VXSSUHVVLRQ�GXULQJ�PXFK�RI�WKH���th 
century resulted in the development of dense, overstocked 
VWDQGV��)RUHVW�ÀRRU� IXHOV�PRVW� OLNHO\�ZHUH� OHVV� WKDQ���0J�
KD� SULRU� WR� ����� EXW� KDYH� VLQFH� LQFUHDVHG� WHQ� WR� RQH� KXQ-
GUHG� IROG� �6DFNHWW� ������ 6DFNHWW� DQG� RWKHUV� �������$QQXDO�
DFFXPXODWLRQV�QRZ�DUH�LQ�WKH�UDQJH�RI�����WR�����0J�KD�\U��
7UHH�GHQVLWLHV�WKDW�ZHUH�RQFH������VWHPV�KD�KDYH�LQFUHDVHG�
WR�PRUH�WKDQ�������VWHPV�KD�LQ�WKH�GHQVHVW�VWDQGV��&RYLQJWRQ�
DQG�6DFNHWW�������6DFNHWW�������

Fires can greatly alter nutrient cycles of forest ecosystems 
GHSHQGLQJ�RQ�¿UH�VHYHULW\��¿UH�IUHTXHQF\��YHJHWDWLRQ��DQG�FOL-
PDWH��1HDU\�DQG�RWKHUV��������5HVSRQVHV�RI�WRWDO�FDUERQ��&��
DQG�QLWURJHQ��1��DUH�YDULDEOH�DQG�GHSHQG�RQ�WKH�VLWH�FRQGLWLRQV�
DQG� ¿UH� FKDUDFWHULVWLFV� �'H%DQR� DQG� RWKHUV� ������� 6DFNHWW�
������� HVWDEOLVKHG� D� VHW� RI� VWXGLHV� QHDU� )ODJVWDII�� $UL]RQD�

Total Carbon and Nitrogen in Mineral Soil After  
26 Years of Prescribed Fire: Long Valley and  
Fort Valley Experimental Forests

Daniel G. Neary, USFS, Rocky Mountain Research Station, Flagstaff, AZ; 
Sally M. Haase, 75(5��2CEKğE�5QWVJYGUV�4GUGCTEJ�5VCVKQP��4KXGTUKFG��
CA; and Steven T. Overby, USFS, Rocky Mountain Research Station, 
Flagstaff, AZ

Abstract—Prescribed fire was introduced to high density ponderosa pine stands at Fort 
Valley and Long Valley Experimental Forests in 1976. This paper reports on mineral soil total 
carbon (C) and nitrogen (N) at Long Valley. Total soil C and N levels were highly variable 
and exhibited an increasing, but inconsistent, concentration trend related to burn interval. 
Total N ranged from 0.1 to 0.45%. Randomly collected soil sample C ranged from 2.2 to 
5.7%, but stratified sampling indicated a greater total C range from 1.7 to 11.5%. Random 
sampling allows scaling up to stand and landscape level but stratified sampling does not. The 
latter provides an index of C and N variability due to stand conditions (old growth, pole-
sized stands, and ponderosa pine thickets), clearings devoid of trees, or heavy woody debris 
accumulations.

�&KLPQH\�6SULQJ��)RUW�9DOOH\�([SHULPHQWDO�)RUHVW��()���DQG�
/LPHVWRQH�)ODWV��/RQJ�9DOOH\�()���WR�UHVWRUH�RYHUVWRFNHG�SRQ-
GHURVD�SLQH�VWDQGV�E\�LQWURGXFLQJ�SUHVFULEHG�¿UH�DW�����������������
����DQG����\HDU�LQWHUYDOV��&RYLQJWRQ�DQG�6DFNHWW��������SUHYL-
ously examined N concentrations in the upper 5 cm of mineral 
VRLO�DW�WKH�&KLPQH\�6SULQJ�EXUQLQJ�LQWHUYDO�VWXG\��7KH\�IRXQG�
WKDW�PLQHUDO�IRUPV�RI�1��1+��1�DQG�QLWUDWH�QLWURJHQ��12��1��
PDGH�XS�����RI� WKH� WRWDO�1�SRRO��%XUQLQJ�DW����DQG���\HDU�
LQWHUYDOV�VLJQL¿FDQWO\�LQFUHDVHG�RQO\�1+��1�OHYHOV�LQ�WKH�VRLO��
Total soil N in the upper 5 cm was not affected by prescribed 
¿UH�LQWHUYDO��$�ODWHU�VWXG\��:ULJKW�DQG�+DUW�������DVVHVVHG�WKH�
HIIHFWV�RI�WKH�WZR�\HDU�EXUQLQJ�LQWHUYDO�DW�WKH�&KLPQH\�6SULQJ�
VLWH�� 1HDU\� DQG� RWKHUV� ������� ������ UHSRUWHG� RQ� WKH� LQLWLDO� 
DQDO\VLV� RI� &� DQG� 1� OHYHOV� LQ� ERWK� &KLPQH\� 6SULQJV� DQG�
Limestone Flats soils.

The purpose of the study reported here was to determine 
the levels of total N and C in the upper 5 cm of the mineral 
VRLO�DW�WKH�&KLPQH\�6SULQJ�DQG�/LPHVWRQH�)ODWV�UHVHDUFK�VLWHV�
���\HDUV�DIWHU�WKH�&RYLQJWRQ�DQG�6DFNHWW��������VWXG\��$QRWKHU�
objective of this study was to determine if additional sampling 
might be necessary to determine if soil C and N were related 
WR�EXUQLQJ�IUHTXHQF\��7KH�IRFXV�RI�WKLV�SDSHU�LV�RQ�WKH�JHQHUDO�
results from both sites with a special focus on Limestone Flats 
results.
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Methods

Study Sites

7KH�RULJLQDO�VWXG\�VLWHV�HVWDEOLVKHG�LQ������DQG������ZHUH�
designed to determine the optimum burning interval neces-
VDU\�WR�SURYLGH�FRQWLQXRXV�¿UH�KD]DUG�UHGXFWLRQ��7KH�VWXGLHV�
DUH�GHVFULEHG�LQ�JUHDWHU�GHWDLO�E\�6DFNHWW���������&RYLQJWRQ�
DQG�6DFNHWW���������DQG�6DFNHWW�DQG�RWKHUV���������7ZHQW\�
one 1.0-ha plots make up each study site. There are three 
replications of unburned, 1-, 2-, 4-, 6-, 8-, and 10-year pre-
VFULEHG�¿UH�WUHDWPHQWV�

Chimney Spring

7KH�&KLPQH\�6SULQJ� VWXG\� LV� ORFDWHG� LQ� WKH�)RUW�9DOOH\�
([SHULPHQWDO� )RUHVW�� 5RFN\� 0RXQWDLQ� 5HVHDUFK� 6WDWLRQ��
&RFRQLQR�1DWLRQDO�)RUHVW�DERXW���NP�QRUWKZHVW�RI�)ODJVWDII��
$UL]RQD�� 6RLOV� DUH� VWRQ\� FOD\� ORDP� WH[WXUHG� ¿QH� VPHFWLWLF��
frigid, Typic Argiborolls derived from basalt and cinders. 
6WDQG�VWUXFWXUH�DQG�IXHOV�ZHUH�GHVFULEHG�E\�6DFNHWW��������

Limestone Flats

The Limestone Flats study is located in the Long Valley 
([SHULPHQWDO� )RUHVW�� 5RFN\� 0RXQWDLQ� 5HVHDUFK� 6WDWLRQ��
Coconino National Forest, about 2 km northwest of Clint’s 
:HOO��$UL]RQD��6RLOV�DUH�YHU\�¿QH�VDQG\�ORDP�WH[WXUHG��¿QH�
smectitic Typic Cryoboralfs. These soils developed from 
ZHDWKHUHG� VDQGVWRQH� ZLWK� OLPHVWRQH� LQFOXVLRQV�� 6DFNHWW�
�������GHVFULEHG� WKH�RULJLQDO�VWDQG�VWUXFWXUH�DQG�IXHOV��DQG�
prior land management.

Sampling

7KH�VRLOV�DW�ERWK�WKH�&KLPQH\�6SULQJ�DQG�/LPHVWRQH�)ODWV�
VLWHV�ZHUH�¿UVW� VDPSOHG� LQ� ODWH�'HFHPEHU�������7KH� LQLWLDO�
sampling location was located randomly within the center 
400 m2 of each plot. The next two samples were located 5 km 
IURP�WKH�¿UVW�VDPSOH��VHOHFWHG�E\�D� UDQGRPL]DWLRQ�SURFHVV��
RQ�WZR�RI�WKH�FDUGLQDO�GLUHFWLRQV�IURP�WKH�¿UVW�VDPSOH��$ERXW�
0.5 kg was collected from the 0-5 cm depth of the mineral 
soil. The samples were air dried in the laboratory, sieved to 
< 2 mm, then sub-sampled and ground to pass a 100 mesh 
VLHYH��������PP���DQG�VXE�VDPSOHG�DJDLQ�IRU�DQDO\VLV��6XE�
VDPSOHV�ZHUH�RYHQ�GULHG�IXUWKHU�DW�DERXW���o C.

The second sampling of Limestone Flats occurred in 2004. 
Ten random soil samples were collected using a Cartesian 
&RRUGLQDWH� 6\VWHP��7KLV� V\VWHP� LV� EDVHG� RQ� UDQGRPO\� VH-
lected grid coordinates, referenced to the plot center (Burt 
DQG�%DUEHU��������%HDULQJV�DQG�GLVWDQFHV�DUH�FDOFXODWHG�IURP�
the plot center to locate the sampling points on the virtual 
grid system. For the systematic sampling, three replicate soil 
samples spaced 1 m from a sampling center were collected 
from the center of representative old growth areas, pole-size 
stands, dense thickets, clearings, and coarse woody de-
EULV�SLOHV��6DPSOHV�ZHUH�SURFHVVHG�WKH�VDPH�DV�LQ�WKH������
sampling.

Analytical

6RLO�WRWDO�&�DQG�1�ZHUH�DQDO\]HG�RQ�D�7KHUPR�4XHVW�)ODVK�
EA1112 C-N analyzer. The computer-controlled instrument 

Table 1. Studentized Tukey’s test for C and N by treatment, Limestone Flats and Chimney 
Springs, Arizona, burning interval restoration studies, 2002 sampling.

 Burning Interval  Tukey’s Test 
Element (years) Mean (%) (p = 0.05) Samples - n

Carbon 0 3.035 A 18
 1 3.282 AB 18
 2 3.432 AB 18
 4 4.294 AB 18
 6 3.942 AB 18
 8 5.634 B 18
 10 4.472 AB 18
    
Nitrogen 0 0.200 A 18
 1 0.199 AB 18
 2 0.227 AB 18
 4 0.298 AB 18
 6 0.228 AB 18
 8 0.352 B 18
 10 0.281 AB 18
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oxidizes samples at 1,200o C, and determines C and N con-
tent by thermal conductivity following separation by a gas 
chromatographic column measuring CO2 and NO. Quality 
controls were analyzed along with replicate samples every 
10th sample, then regresses using a calibration curve devel-
oped from known standards and blanks.

Statistical Analysis

'DWD�ZHUH�DQDO\]HG�XVLQJ�WKH�6$6�XQLYDULDWH�$129$�XQ-
GHU�WKH�*/0�3URFHGXUH��6$6��������7KH�6WDWLRQ�VWDWLVWLFLDQ�
determined that the ANOVA was robust enough to be useful 
ZLWKRXW�GDWD�WUDQVIRUPDWLRQ��5�0��.LQJ��SHUVRQDO�FRPPXQL-
FDWLRQ���7XNH\¶V�6WXGHQWL]HG�5DQJH�WHVW�ZDV�XVHG�IRU�PHDQV�
VHSDUDWLRQ�RI�&�DQG�1�YDOXHV��S� �������

Results

2002 Sampling

6RLO� WRWDO� &� DQG� WRWDO� 1� DUH� VWURQJO\� FRUUHODWHG� �1HDU\�
DQG�RWKHUV��������������2UJDQLF�PDWWHU�LQ�WKH�VRLO�LV�D�PDMRU�
source of N, and organic and cation exchange sites adsorb the 
mineral forms of N.

7RWDO�&�OHYHOV�LQ�WKH�/LPHVWRQH�)ODWV�DQG�&KLPQH\�6SULQJ�
PLQHUDO� VRLO� ������FP�� LQ� WKH������VDPSOLQJ�H[KLELWHG� WZR�
WUHQGV��)LJXUH����1HDU\�DQG�RWKHUV��������������7KH�¿UVW�LV�
WKDW�VRLO�&�ZDV�KLJKHU�LQ�WKH�&KLPQH\�6SULQJ�YROFDQLF�VRLOV��
6RLO�FODVVL¿FDWLRQ�H[SODLQV�SDUW�RI�WKH�GLIIHUHQFH�EHWZHHQ�WKH�
&�LQ�WKH�/LPHVWRQH�)ODWV�DQG�&KLPQH\�6SULQJ�VRLOV��7KH�ODWWHU�
ZHUH�FODVVL¿HG�DV�$UJLERUROOV�EHORQJLQJ�WR�WKH�0ROOLVRO�VRLO�
order, indicating that they have naturally higher organic mat-
WHU� FRQWHQWV� WKDQ� WKH�&U\RERUDOIV� �$O¿VRO� VRLO�RUGHU�� IRXQG�
at Limestone Flats. The second trend in the soil C data ap-
peared to be one of increasing amounts up to burn interval 
��\HDUV��ZKLFK�ZRXOG�LQGLFDWH�WKH�LQÀXHQFH�RI�WKH�¿UH��7KH�

Fig. 1 
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Figure 1. Effect of prescribed fire 
interval on soil total nitrogen, 
Limestone Flats (LF) and Chimney 
Springs (CS) burning interval study, 
2002, Coconino National Forest, 
Arizona (Neary and others 2003).

&�FRQFHQWUDWLRQ�LQ�WKH�VRLO�LQFUHDVHG�IURP�������LQ�WKH�FRQ-
WURO� �QR�EXUQLQJ�� WR�������LQ� WKH���\HDU� LQWHUYDO� �7DEOH�����
However, only the control and 8-year interval were statisti-
FDOO\�GLIIHUHQW��7KHVH�GDWD� UHÀHFW�PRUH�RI� WKH�YDULDELOLW\� LQ�
soil C detected in the 2002 random sampling approach than 
any burning interval trend.

Total N levels followed the same trends as total soil C. 
Total N concentrations were mostly higher across the range 
of burning intervals. Concentrations increased from an av-
HUDJH� RI� ������ LQ� WKH� XQEXUQHG� FRQWURO� SORWV� WR� ������ LQ�
the 8-year burn interval. The data from the 2002 sampling 
�1HDU\�DQG�RWKHUV�������GLG�QRW�VXSSRUW�:ULJKW�DQG�+DUW¶V�
�������K\SRWKHVLV� WKDW�EXUQLQJ�DW���\HDU� LQWHUYDOV�FDQ�KDYH�
detrimental long-term effects on N cycling, along with deple-
WLRQ�RI�WKH�IRUHVW�ÀRRU�DQG�VXUIDFH�PLQHUDO�VRLO�&�DQG�1�SRROV�

The lack of a burning interval response in this study was 
most likely affected by site variability and the random sam-
pling used. The 1-year burning interval plot samples for total 
&�DW�/LPHVWRQH�)ODWV� UDQJHG� IURP������� WR��������D� VSDQ�
RI��������7KH�XQEXUQHG�FRQWURO� VDPSOHV�KDG�D� UDQJH� IURP�
������WR��������D�YHU\�VLPLODU�VSDQ�RI��������7KH���\HDU�
EXUQLQJ� LQWHUYDO� SORWV� DW� &KLPQH\� 6SULQJ� KDG� WKH� KLJKHVW�
YDULDELOLW\��6RLO�WRWDO�&�UDQJHG�IURP�������WR���������D�VSDQ�
RI� ������� 7KH� XQEXUQHG� FRQWURO� SORW� VDPSOHV� DW� &KLPQH\�
6SULQJ� KDG� D� UDQJH� IURP������� WR� ������� D� VSDQ� ��������
nearly double that of the Limestone Flats control. A full 
discussion of within plot variability, found to be greater at 
&KLPQH\�6SULQJV� WKDQ�DW�/LPHVWRQH�)ODWV�� FDQ�EH� IRXQG� LQ�
1HDU\�DQG�RWKHUV��������

2003 Sampling

7KH�UDQGRP�VRLO�VDPSOLQJ�LQ������XVLQJ�D�ODUJHU�QXPEHU�
of samples and a Cartesian Coordinate sampling design de-
tected a similar pattern to the mineral soil N measured in the 
�����VDPSOLQJ��)LJXUH�����6RLO�WRWDO�1�LQFUHDVHG�IURP�������
LQ�WKH���\HDU�EXUQV�WR�D�SHDN�RI�������LQ�WKH���\HDU�EXUQV��
&RQFHQWUDWLRQV� LQ� WKH� ����� VDPSOLQJ� DW� WKH� /RQJ� 9DOOH\�
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Limestone Flats site were lower than in 2002. The largest dif-
IHUHQFH�EHWZHHQ�WKH������DQG������VDPSOLQJV�ZDV�WKDW�WKH�
UDQJH�LQ�WRWDO�1�ZDV�OHVV�������WR��������DQG�WKH�XQEXUQHG�
sites had higher levels of soil total N, more similar to the 
8-year burning interval than the 1-year interval.

The degree of variability in soil total N (hence soil total 
&��FDQ�EH�VHHQ�LQ�WKH�GDWD�FRPSDULQJ�UDQGRP�VDPSOHV�WR�VLWH�
VSHFL¿F�VDPSOHV��)LJXUH�����6RLO�WRWDO�1�UDQJHG�IURP�������
LQ�XQEXUQHG�FOHDULQJV�WR�������QH[W�WR�SLOHV�RI�GHFRPSRVLQJ�
woody debris. This 4-fold range is twice the range of val-
XHV�EHWZHHQ�EXUQLQJ�LQWHUYDOV�������WR���������7KLV�VLWXDWLRQ�
complicates interpretation of the sampling data relative to the 
TXHVWLRQ�RI�WKH�LPSDFW�RI�SUHVFULEHG�¿UH�RQ�VRLO�&�DQG�1�

Discussion
The total C and N variability observed from the random 

VDPSOHV�DW�WKH�&KLPQH\�6SULQJ�DQG�/LPHVWRQH�)ODWV�VLWHV�ZDV�
SUREDEO\� LQÀXHQFHG�E\�D�QXPEHU�RI� IDFWRUV�� ,W�ZDV�HYLGHQW�

during the 2002 sampling that there were visually evident 
differences in the levels of litter accumulations and OM 
concentrations in the mineral soil under these three differ-
HQW� VWDQG� W\SHV��7KH������VDPSOLQJ� WKDW� FRPSDUHG� UDQGRP�
WR�VLWH�VSHFL¿F�VDPSOLQJ�YHUL¿HG�WKDW�WKHUH�LV�D�ODUJHU�UDQJH�
in variability of soil C and N due to site than due to burning 
interval. Areas with high amounts of organic matter, such as 
woody debris piles, old-growth tree bases, and pine thick-
ets, have higher amounts of soil C and N. Whereas clearings 
with lower amounts of organic matter accumulations, are 
much lower in C and N concentrations. The range of soil C 
and N based on site is twice that based on burning interval. 
7KLV�PDNHV�LW�GLI¿FXOW�WR�DFFHSW�RU�GLVSURYH�WKH�K\SRWKHVLV�RI�
:ULJKW�DQG�+DUW��������WKDW�WKH�PRVW�IUHTXHQW�EXUQLQJ�LQWHU-
val could deplete soil N and C pools.

$QRWKHU� IDFWRU� WKDW�ZDV� LGHQWL¿HG� LQ� WKH������ VDPSOLQJ�
�1HDU\�DQG�RWKHUV�������DV�SRWHQWLDOO\�LPSRUWDQW�LV�WKH�SUHV-
ence of “hot spots” where dead and decaying logs were at 
some point in time completely combusted by the prescribed 
¿UHV��7KHVH�ORJV�ZRXOG�FUHDWH�]RQHV�RI�KLJK�¿UH�VHYHULW\�WKDW�
would burn much of the soil OM and drive off most of the 
VXUIDFH�PLQHUDO� VRLO�1� �'H%DQR�DQG�RWKHUV��������$QRWKHU�
possibility is that the soil could be high in black C, increas-
LQJ�WKH�WRWDO�VRLO�FRQWHQW��:DUGOH�DQG�RWKHUV��������7KH������
sampling was not able to identify these areas across the range 
of burning intervals so “hot spots” were not considered in the 
DQDO\VLV��)ODJJLQJ�DQG�PDUNLQJ�WKHVH�ORFDWLRQV�LQ�VXEVHTXHQW�
burns could allow this type of analysis in the future.

Summary and Conclusions

The effects of restoration of burning intervals in pon-
derosa pine stands on total C and N concentrations in the A 
horizon of two different soil types at Fort Valley and Long 
Valley Experimental Forests was examined. The burning in-
WHUYDOV��������������������������DQG����\HDUV��ZHUH�SURYLGHG�E\�
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Figure 3. Variability in soil total N.

Figure 2. Effect of prescribed fire 
burning intervals (1, 2, 4, 6, 8, and 
10 years; 0 is the control) on surface 
soil total nitrogen measured in 
random samples, Limestone Flats, 
Coconino National Forest, Arizona, 
2004.
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D�VWXG\�HVWDEOLVKHG�LQ������DQG�������DQG�KDYH�EHHQ�PDLQ-
WDLQHG� WKHUHDIWHU� �6DFNHWW� ������ 6DFNHWW� DQG� RWKHUV� �������
$OWKRXJK� WKHUH�ZHUH� VWDWLVWLFDOO\� VLJQL¿FDQW�GLIIHUHQFHV�GH-
tected in 2002 between the total C and N levels in soils of the 
unburned plots and the 8-year burning interval, there were 
QR�GLIIHUHQFHV�EHWZHHQ�EXUQLQJ�LQWHUYDOV��$OWKRXJK�WKH������
sampling measured higher levels of soil total C and N, site 
YDULDELOLW\�PDNHV�LW�GLI¿FXOW�WR�DVVHVV�WKHVH�UHVXOWV�LQ�OLJKW�RI�
:ULJKW�DQG�+DUW¶V��������FRQFOXVLRQ�WKDW�WKH�PRVW�IUHTXHQW�
EXUQLQJ�LQWHUYDO�FRXOG�GHSOHWH�VRLO�1�DQG�&�SRROV��6\VWHPDWLF�
sampling using the Cartesian Coordinate system allowed for 
relatively rapid sampling, but did not encompass the high 
YDULDELOLW\�LQ�&�DQG�1�VKRZQ�E\�WKH�UHVXOWV�RI�WKH�VWUDWL¿HG�
sampling. Additional work is needed at greater level of de-
WDLO� WR� DGHTXDWHO\� DGGUHVV� WKH� GLIIHUHQFHV� EHWZHHQ�:ULJKW�
DQG�+DUW��������DQG�WKLV�SDSHU�SURGXFHG�E\�WKH�FRQVLGHUDEOH�
YDULDELOLW\�LQ�&�DQG�1��6WUDWL¿FDWLRQ�LV�QHHGHG�WR�EHJLQ�WR�XQ-
derstand the dynamics of C and N differences in these stands. 
7KLV�DOVR�SRLQWV�RXW� WKH�GLI¿FXOW\� LQ�DVVHVVLQJ� WKH�DFWXDO�&�
and N content of forest soils in any C accounting or trading 
system.
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The content of this paper reflects the views of the author(s), who are 
responsible for the facts and accuracy of the information presented 
herein.
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FVEF and the Coconino 
National Forest

Ranger Training Camps

“An all-important thing here is building a 
Service-spirit of morale and esprit de corps.” 
(G.A. Pearson, 1941 Ranger Training camp.)

'LVWULFW���KHOG�LWV�LQLWLDO�UDQJHU�WUDLQLQJ�FDPS�LQ������DW�
Fort Valley. Newly hired forest rangers received instruction 
on how to do their jobs and also heard about the purpose of re-
search projects initiated by Fort Valley scientists. The camps 
lasted two weeks and much camaraderie was established be-
WZHHQ�WKH�UDQJHUV�DQG�VFLHQWLVWV��)LJXUH�����$�FDPS�FORVLQJ�
baseball game between the Arizona and New Mexico rang-
HUV�LQFOXGHG�WZR�UXOHV��SOD\HUV�ZHUH�QRW�WR�FDUU\�¿UHDUPV�RU�
ZHDU�VSXUV�ZKHQ�UXQQLQJ�WKH�EDVHV��5DQJHU�FDPSV�FRQWLQXHG�

A Century of Cooperation: The Fort Valley Experimental Forest 
and the Coconino National Forest in Flagstaff

Susan D. Olberding, USFS, Rocky Mountain Research Station, Flagstaff, AZ; 
Karen Malis-Clark and Peter J. Pilles, Jr., USFS, Coconino National 
Forest, Flagstaff, AZ; and Dennis Lund, USFS (ret.), Ecological 
Restoration Institute, NAU, Flagstaff, AZ

Abstract—This poster presents the continuing cooperative relationship between the Fort 
Valley Experimental Forest (FVEF), Coconino National Forest (CNF), USFS Region 3, and the 
long-term partnerships with the Museum of the Northern Arizona and the NAU School of 
Forestry.

Fort Valley was initially named the Coconino Experiment Station and funds were channeled 
through Region (then District) 3 and the CNF. CNF Ranger William Wilson assisted G.A. 
Pearson that first winter at Fort Valley. Since Fort Valley’s establishment as an experimental 
area, Forest Service Research has worked in conjunction with the National Forest System to 
sustain the magnificent ponderosa pine forest. Scientists study the forest and range ecosys-
tems on the National Forests and make recommendations to ensure the natural resources 
are protected in perpetuity (Figure 1). Some of the permanent sample plots implemented in 
1912 are still used for research and urgently need protection from other National Forest ac-
tivities. A proposal to list the permanent sample plots on National Forests in Region 3 on the 
National Register of Historic Places is a step that will safeguard the research sites. Both Fort 
Valley and the Coconino celebrate centennials in 2008. Also included are the connections 
of Fort Valley scientists to the Museum of Northern Arizona and Arizona State College, now 
Northern Arizona University (NAU).

usually annually until the 1940s with the start of World War II 
�)LJXUH�����7KH\�KDYH�EHHQ�KHOG�VSRUDGLFDOO\�VLQFH��'LVWULFW���
FRQVWUXFWHG� WKUHH� EXLOGLQJV� DW� )9()� LQ� ����� WR� VHUYH� WKH�
UDQJHU�FDPSV��D� VFKRROKRXVH� �VWLOO� H[WDQW��� DQG�D�GRUP�DQG�
PHVV�KDOO��PRYHG�RIIVLWH�LQ�WKH�����V��

Little Leroux Springs Nursery

$�IRUHVW�QXUVHU\�QXUVHU\�EHJDQ�QHDU�/LWWOH�/HURX[�6SULQJV�
LQ� ������ PDQDJHG� E\� 5RODQG� 5RWW\�� 1DWLRQDO� )RUHVW� SKL-
losophy placed emphasis on transplanting seedlings into the 
)RUHVW��)LJXUH����DQG�RIIHUHG�WKH�WUHHV�WR�UHVLGHQWV��7KH�ZD-
WHUV�RI�/LWWOH�/HURX[�6SULQJV�EHFDPH�86)6�SURSHUW\� LQ� WKH�
����V� DQG� DQ� XQGHUJURXQG� SLSHOLQH� FDUULHG�ZDWHU� IURP� WKH�
6SULQJV�WR�)9()�KHDGTXDUWHUV��)9()�SHUVRQQHO��HTXLSPHQW��
DQG� KHDGTXDUWHUV� EXLOGLQJV� ZHUH� XVHG� IRU� WKLV� SURMHFW�� ,Q�
WKH�����V��5RFN\�0RXQWDLQ�5HVHDUFK�6WDWLRQ��&1)��DQG�WKH�
1$8�6FKRRO�RI�)RUHVWU\�FROODERUDWHG�WR�SODQW�DQ�DUERUHWXP�
at the site.
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Figure 1. Page 1 of a document between the FVEF and the Coconino National Forest that sets 
aside lands around the Fort Valley Experimental Forest headquarters.

Permanent Sample Plots

'LVWULFW� �¶V� ,QYHVWLJDWLYH� 6WXGLHV�&RPPLWWHH�� RI�ZKLFK�
*�$��3HDUVRQ�ZDV�D�PHPEHU��SODQQHG�DQG�LPSOHPHQWHG�UH-
search projects around the southwestern National Forests in 
the early years. The Committee determined research proj-
ects based on budget and most immediate needs. An early 
SURMHFW�DURXQG�'LVWULFW���1DWLRQDO�)RUHVWV�HVWDEOLVKHG�SHU-
manent sample plots to intensely study life cycles in the 
forest. The plots vary in size and research scope and are 
monitored over long periods. As time passed and person-
nel changed, the importance of maintaining the long-term 

UHFRUGV�RQ�WKHVH�SORWV�GLPLQLVKHG��,Q�WKH�����V��1$8�6FKRRO�
of Forestry professor Margaret M. Moore began remea-
surement of these plots to document changes over the past 
century. Fire management specialists from the Coconino 
1DWLRQDO�)RUHVW�KDYH�DVVLVWHG�ZLWK�SUHVFULEHG�¿UH�SURMHFWV�
DW�WKH�*�$��3HDUVRQ�1DWXUDO�$UHD�DQG�RQ�RWKHU�SORWV��7RGD\��
1$8��&1)��DQG�5056�DUH�ZRUNLQJ� WR� OLVW� WKHVH�SORWV�RQ�
ERWK�WKH�JHQHUDO�)RUHVW�PDSV�DQG�WKH�1DWLRQDO�5HJLVWHU�RI�
+LVWRULF�3ODFHV�VR�WKDW�WKH�SORWV�DUH�NQRZQ�WR�)RUHVW�SODQ-
ners, who will then ensure the areas are not impacted by 
logging or other uses. This project has already occurred on 
VRPH�SORWV�RQ�WKH�.DLEDE�1DWLRQDO�)RUHVW�
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Figure 2. News article from the Coconino Sun of September 3, 
1909 announcing the Coconino Ranger School.

Arizona State College (ASC), 
School of Forestry

(DUOH� +�� &ODSS�� RQFH� RI� 'LVWULFW� �� DQG� ODWHU� RI� WKH�
:DVKLQJWRQ��'&��RI¿FH��H[SDQGHG�RQ�5DSKDHO�=RQ¶V�LGHD�WR�
locate experiment stations near urban universities so that stu-
dents could actively be involved in projects on a long-term 
EDVLV�� ,Q� )ODJVWDII�� )RUHVWHU�&KDUOHV�2�� �&KXFN��0LQRU� EH-
JDQ� WKH�6FKRRO�RI�)RUHVWU\�DW�$6&��QRZ�1RUWKHUQ�$UL]RQD�
8QLYHUVLW\� �1$8�� WKDW� HQDEOHG� =RQ¶V� YLVLRQ� WR� WUDQVSLUH��
FVEF-based personnel participated by lecturing, offering 
laboratory opportunities to students, and serving on graduate 
committees.

&RPPHQFHPHQW�RI�WKH�$6&�)RUHVWU\�SURJUDP�FRLQFLGHG�
ZLWK�WKH�¿IWLHWK�DQQLYHUVDU\�RI�)9()�DQG�DFWLYLWLHV�FHOHEUDWHG�
both events with more emphasis on the on-campus research 
FHQWHU�DQG�OHVV�RQ�WKH�KLVWRULF�)9()�KHDGTXDUWHUV��7KH�FRP-
ELQHG�RI¿FH� DQG� ODE�ZDV� ORFDWHG�QH[W� WR� WKH�$6&�)RUHVWU\�
EXLOGLQJ�� WKHQ� KRXVHG� LQ� )ULHU�+DOO� �)LJXUH� ���� 6WXGLHV� LQ-
cluded silviculture, forest utilization, range management, 
ZDWHUVKHG��VXUYH\LQJ��DQG�HFRQRPLFV��5HVHDUFK�DQG�)RUHVWU\�
professionals team-taught a multi-resource forest manage-
ment curriculum.

7KH�86)6�5RFN\�0RXQWDLQ�5HVHDUFK� 6WDWLRQV� �5056��
DQG�WKH�6FKRRO�RI�)RUHVWU\�PRYHG�LQWR�WKH�6RXWKZHVW�)RUHVW�
6FLHQFH� &RPSOH[� FRQVWUXFWHG� RQ� 1$8¶V� VRXWK� FDPSXV� LQ�
������)LJXUH�����5056�6WDWLRQ��WKH�DGPLQLVWUDWRU�IRU�)9()��
consolidated its research programs into this new building and 
FORVHG�RWKHU�ODEV�DQG�RI¿FHV�DURXQG�$UL]RQD��3URIHVVLRQDOV��
JUDGXDWH�VWXGHQWV��DQG�XQGHUJUDGXDWHV�QRZ�VKDUH�RI¿FHV�DQG�
ODEV� LQ� RQH� VWUXFWXUH��$OVR�KRXVHG� LQ� WKH�6RXWKZHVW�)RUHVW�
6FLHQFH�&RPSOH[�LV�WKH�(FRORJLFDO�5HVHDUFK�,QVWLWXWH��(5,���
ZKLFK�KDV�SURMHFWV�RQ�WKH�)9()��1HDUE\�LV�D��������VTXDUH�
foot greenhouse used for plant propagation, cold hardiness, 
and other research.

7KH�)RUHVW�6HUYLFH�DQG�WKH�8QLYHUVLW\�SODQ�FRRSHUDWLYHO\�
WR� RIIHU� VWXGHQWV� IRUHVWU\� UHODWHG� FRXUVHV�� 6HYHUDO� JUDGXDWH�
papers included in these proceedings have evolved from 
NAU students utilizing historic FVEF archival material and 
comparing it to today’s landscape.

Museum of Northern Arizona 
(MNA)

01$�FR�IRXQGHU�+DUROG�6��&ROWRQ� DQG� QHLJKERU�)9()�
'LUHFWRU�*��$��3HDUVRQ�IRUPHG�D�OLIHWLPH�IULHQGVKLS��DV�WKH\�
were both scientists intensely curious about the natural en-
vironment of northern Arizona. The two well-respected men 
EHFDPH�FKDPSLRQV�IRU�WKH�RWKHU¶V�LQVWLWXWLRQ��3HDUVRQ�VHUYHG�
on the MNA Board of Directors for several decades until his 
SHUPDQHQW�PRYH�WR�7XFVRQ��6XEVHTXHQW�86)6�UHVHDUFK�VFL-
HQWLVWV�ZRXOG�¿OO�WKLV�VHDW�DIWHU�3HDUVRQ¶V�UHWLUHPHQW��&ROWRQ�
SHUVXDGHG�WKH�8�6��'HSDUWPHQW�RI�$JULFXOWXUH� LQ� WKH�����V�
to keep FVEF open when operating funds were scarce. Four 
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Figure 3. The Ranger training camp 
at Fort Valley Experimental Forest. 
USFS photo 90925 by A.G. Varela, 
1910.

Figure 4. “Clipper” fanning 
mill for cleaning tree seed 
before planting at the Little 
Leroux Springs nursery. 
Photo taken at FVEF by 
Roland Rotty in May 1937. 
USFS photo 345054.

Figure 5. A 1967 winter scene at the 
Forestry Science Lab on the NAU 
campus. USFS photo by G.H. 
Schubert.
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GHFDGHV�ODWHU��&ROWRQ¶V�VXFFHVVRU��(GZDUG�%���1HG��'DQVRQ��
UHSHDWHG� WKH� UHTXHVW� ZKHQ� DQRWKHU� SURSRVDO� WR� GLVPDQWOH�
FVEF was planned.

The Museum of Northern Arizona honored FVEF’s 50th 
anniversary with an exhibit on the sites’ history, and Colton 
DWWHQGHG� WKH� EDQTXHW� KHOG� GXULQJ� WKH� ZHHNHQG� IHVWLYLWLHV��
3URJUDP� KLJKOLJKWV� LQFOXGHG� WDONV� E\� H[�)9()� VFLHQWLVWV�
Emanuel Fritz and Bert Lexen and a tour of research sites.

FVEF personnel have contributed articles to MNA’s pub-
OLFDWLRQV�DQG�ORDQHG�HTXLSPHQW��01$�QDPHG�LWV�PHHWLQJ�KDOO�
DIWHU�*�$��3HDUVRQ�DQG�KRXVHV�)9()�FROOHFWLRQV��)LJXUH����

Other Collaborations

%HWZHHQ� ����� DQG� ������ WKH� $JULFXOWXUDO� 5HVHDUFK�
6HUYLFH��$56��PDQDJHG�D�³SRSS\�ODE´�DW�)9()��WR�VWXG\�JH-
netics of opium production and provide targets to calibrate 
UHPRWH�VHQVRUV�WR�UHFRJQL]H�SRSS\�¿HOGV�

7KH�8�6��*HRORJLFDO�6XUYH\��86*6��UHQWHG�)9()�EXLOG-
LQJV�IURP�WKH�����V�WKURXJK�WKH�HDUO\�����V�DQG�HVWDEOLVKHG�
a paleomagnetics laboratory, the story of which is featured in 
a poster paper.

Figure 6. Current USFS Rocky Mountain 
Research Station headquarters on the 
NAU campus. USFS photo by Wade 
Hubbard.

Figure 7. Pearson Hall on the Museum 
of Northern Arizona campus, 
Flagstaff, AZ. Photo by S.D. 
Olberding.
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In: 2OEHUGLQJ��6XVDQ�'���DQG�0RRUH��0DUJDUHW�0���WHFK�FRRUGV��������)RUW�9DOOH\�([SHULPHQWDO�)RUHVW²$�&HQWXU\�RI�5HVHDUFK������������
3URFHHGLQJV�5056�3�����)RUW�&ROOLQV��&2��8�6��'HSDUWPHQW�RI�$JULFXOWXUH��)RUHVW�6HUYLFH��5RFN\�0RXQWDLQ�5HVHDUFK�6WDWLRQ������S�

Introduction

,Q�������)RUW�9DOOH\�([SHULPHQWDO�)RUHVW��)9()��LQLWLDWHG�
an experiment to determine the effects of different timber har-
vesting methods on regeneration and growth of a ponderosa 
pine (Pinus ponderosa Laws. scopulorum�(QJHOP��±*DPEHO�
oak (Quercus gambelii� 1XWW��� VLWH� LQ� QRUWKHUQ� $UL]RQD�
�.UDXFK� ������ ������ 3HDUVRQ� �������:H� LQYHVWLJDWHG� KRZ�
WKUHH�RI�WKHVH�KDUYHVWLQJ�PHWKRGV�LQÀXHQFHG�WUHH�GHQVLW\�DQG�
VL]H�RYHU�D����\HDU�SHULRG��:H�KDG�IRXU�TXHVWLRQV������:KDW�
ZDV�VWDQG�GHQVLW\� OLNH� LPPHGLDWHO\�EHIRUH� WKH������ WLPEHU�
KDUYHVW"�����+RZ�ZHUH�VWDQG�GHQVLW\�DQG�PHDQ�WUHH�VL]H�DI-
IHFWHG�E\�HDFK�KDUYHVW�PHWKRG"�����+RZ�KDYH�VWDQG�GHQVLW\�
and mean tree size changed over the long-term, as observed 
LQ����������"�����+RZ�GLG�OLYHVWRFN�JUD]LQJ�LQÀXHQFH�FRQ-
temporary stand density?

Methods

Study Site and Plot Description

7KLV�VWXG\�ZDV�FRQGXFWHG�RQ�D�����KD������DF��VLWH�OR-
cated 21 km south of Flagstaff, Arizona, on the Coconino 
1DWLRQDO� )RUHVW� �)LJXUH� ���� ODWLWXGH� �������¶� 1�� ORQJL-
WXGH� ���������¶�:�� 3RQGHURVD� SLQH� DQG� *DPEHO� RDN� DUH�

93 Years of Stand Density and Land-Use Legacy Research  
at the Coulter Ranch Study Site

Andrew J. Sánchez Meador, USFS, Forest Management Service Center, Fort 
Collins, CO; and Margaret M. Moore, School of Forestry, Northern 
Arizona University, Flagstaff, AZ

Abstract—In 1913, the Fort Valley Experimental Forest initiated an unprecedented case-study 
experiment to determine the effects of harvesting methods on tree regeneration and growth 
on a ponderosa pine-Gambel oak forest at Coulter Ranch in northern Arizona. The harvest-
ing methods examined were seed-tree, group selection, and light selection. In addition, the 
effects of livestock grazing (excluded or not) were examined. We revisited the Coulter Ranch 
Study Site to examine the effects of these treatments on historical (1913) and contemporary 
(2003-2006) stand density and tree size. The key finding was that while initial 1913 harvests 
reduced average pine density by one- to two-thirds, tree densities increased from three to 
nine times those prior to harvest over the 93-year period. The greatest increase was in the 
seed-tree method.

the dominant trees, with scattered New Mexican locust 
(Robinia neomexicana� *UD\�� WKLFNHWV� DQG� VLQJOH� DOOLJDWRU�
junipers (Juniperus deppeana�6WHXG���RFFXUULQJ�WKURXJKRXW�
WKH�VWXG\�DUHD��7KH�VLWH��)LJXUH����ZDV�HVWDEOLVKHG�LQ������
DV�SDUW�RI�WKH�)9()�E\�+HUPDQQ�.UDXFK��)RUHVW�([DPLQHU��
DQG�&��)��.RUVWLDQ��6LOYLFXOWXULVW���ZKR�LQLWLDOO\�GLYLGHG�WKH�
VLWH� LQWR� IRXU� KDUYHVWLQJ� V\VWHPV�� 6FDWWHUHG� 6HHG�WUHH� ����
KD�RU�a����DF���*URXS�VHOHFWLRQ�����KD�RU�a����DF���/LJKW�
VHOHFWLRQ�����KD�RU�a����DF��RULJLQDOO\�FDOOHG�³6KHOWHUZRRG´�
EXW�ODWHU�FKDQJHG�DV�WKH�SUHVFULSWLRQ�ZDV�DOWHUHG��HVVHQWLDOO\�
the same as the group selection except more mature trees 
ZHUH�OHIW���DQG�WKH�:DJQHU�ERUGHU�PHWKRG��QRW�H[DPLQHG�LQ�
WKLV�VWXG\���7KHLU�JRDOV�ZHUH�WR�H[DPLQH�WKH�HIIHFWV�RI�KDU-
vesting, grazing, and slash disposal methods on advanced 
regeneration, new seedling establishment, and residual tree 
JURZWK� �.UDXFK� ������ ������ ������ /H[HQ� ������ 3HDUVRQ�
������������������

Twenty-one permanent, stem-mapped plots were es-
WDEOLVKHG�� VHYHQ� SHU� KDUYHVWLQJ� V\VWHP�� ,Q� WKLV� VWXG\�� ZH�
H[DPLQHG�QLQH�SORWV��7DEOH�����UDQJLQJ�LQ�VL]H�IURP�����WR�����
ha. We selected the largest plots, and also made sure that one 
plot per harvesting system had been excluded from grazing. 
3ORWV�DUH�LGHQWL¿HG�XVLQJ�WKH�RULJLQDO�)9()�QDPLQJ�V\VWHP�
�)LJXUH�����ZKLFK�XVHG�D�FRPELQDWLRQ�RI�OHWWHUV�DQG�QXPEHUV�
UHSUHVHQWLQJ� WKH� VLOYLFXOWXUDO� XQLW� �6��� &RXOWHU� 5DQFK��� WKH�
KDUYHVWLQJ�V\VWHP�RU�PHWKRG��*URXS�VHOHFWLRQ� ����6HHG�WUHH�
 ���� RU�/LJKW� VHOHFWLRQ� ���� DQG� LQGLYLGXDO� SHUPDQHQW� SORW�
GHVLJQDWLRQV��$��%�������*��
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Field Measurements

+LVWRULFDO� ������� DQG� FRQWHPSRUDU\� ������������ ¿HOG�
methods for measuring these plots are detailed by Moore 
DQG� RWKHUV� ��������&RQWHPSRUDU\� VSHFLHV� LGHQWLW\� DQG� GL-
DPHWHU� DW� EUHDVW� KHLJKW� �'%+�� �����P� DERYHJURXQG�� GDWD�
IRU� DOO� OLYH� DQG�GHDG� �VWXPSV�� VQDJV�� ORJV�� WUHHV�ZHUH� RE-
WDLQHG� LQ� WKH� ���������� ¿HOG� VHDVRQV�� +LVWRULFDO� �������
individual tree data were obtained from the plot ledgers lo-
FDWHG�DW�WKH�86)6�5056�)RUW�9DOOH\�([SHULPHQWDO�)RUHVW�
$UFKLYHV��)ODJVWDII��$=���$OO�DQDO\VHV�IRFXV�RQ�WUHHV��������
FP������LQFK��'%+�

Analyses

7R�TXDQWLI\�KRZ�VWDQG�GHQVLW\�FKDQJHG�LQ�WKH�VKRUW�WHUP�
�LPPHGLDWHO\� IROORZLQJ� KDUYHVWLQJ� LQ� ������ DQG� RYHU� WKH�
ORQJ�WHUP����������������\HDUV�ODWHU���ZH�H[DPLQHG�FKDQJ-
es in the mean number of trees per hectare and basal area 
(m2 ha-1��E\�WUHH�VSHFLHV�E\�KDUYHVW�PHWKRG��,Q�DGGLWLRQ��ZH�
were interested in how the stand density may have looked 
LQ�WKH�DEVHQFH�RI�WLPEHU�KDUYHVWLQJ�LQ�������VR�ZH�REWDLQHG�
an estimate of tree density and basal area in the absence of 
harvesting by adding the number and size of older cut stumps 
WR�WKH�OLYLQJ�WUHH�GDWD�RI�������5HFRQVWUXFWLRQ�PRGHO�DVVXPS-
tions and details regarding the methods used to determine 
how the stand density may have looked in the absence of 
timber harvesting and the number of oak present at the time 

Figure 1. Location of the Coulter Ranch 
Study Site on the Coconino National 
Forest in northern Arizona.

RI�KDUYHVW�DUH�IRXQG�LQ�6iQFKH]�0HDGRU��������DQG�6iQFKH]�
0HDGRU�DQG�RWKHUV��������

To summarize, we examined the following three stand 
VWUXFWXUDO� VFHQDULRV� RQ� HDFK� SORW�� ���� µ����� XQKDUYHVWHG¶�
�VWDQG� GHQVLW\� DV� LI� KDUYHVWLQJ� KDG� QRW� RFFXUUHG� LQ� ������� 
���� µ����� KDUYHVWHG¶� �DFWXDO� ����� VWDQG� GHQVLW\��� DQG� 
����µFRQWHPSRUDU\¶��DFWXDO�����������VWDQG�GHQVLW\��IRU�HDFK�
harvest method.

Results
:KLOH�WKH������KDUYHVW�UHGXFHG�DYHUDJH�SLQH�GHQVLW\��IRU�

WUHHV��������FP�'%+��E\�RQH��WR�WZR�WKLUGV��)LJXUH�����WUHH�
GHQVLWLHV�DW�WKH�HQG�RI�WKH����\HDU�SHULRG�ZHUH�WKUHH��/LJKW�
VHOHFWLRQ�� WR� QLQH� �6HHG�WUHH�� WLPHV� KLJKHU� WKDQ� WKRVH� RE-
VHUYHG� SULRU� WR� KDUYHVW�� 5HFRQVWUXFWHG� ������� WUHH� GHQVLW\�
ZDV�KLJKHVW�RQ�6�&�������WUHHV�KD-1��DQG�ZDV�ORZHVW�RQ�6�(��
����WUHHV�KD-1���6LPLODU�WUHQGV�ZHUH�REVHUYHG�IRU�PHDQ�EDVDO�
DUHD� �H�J��� )LJXUHV� �� DQG� ��� DQG�'%+� �QRW� VKRZQ��� ZKLFK�
prior to harvest were 19.0 m2 ha-1� �V�  � ����� DQG� ����� FP�
�V�  � ������ UHVSHFWLYHO\��&RQWHPSRUDU\�PHDQ� EDVDO� DUHD� DQG�
'%+� IRU� DOO� SORWV� �UHJDUGOHVV� RI� JUD]LQJ� KLVWRU\�� KDG� LQ-
FUHDVHG�WR������P2 ha-1��V� �������DQG�GHFUHDVHG�WR������FP�
�V� �������UHVSHFWLYHO\��&RQWHPSRUDU\�������������WUHH�GHQ-
VLW\�ZDV�KLJKHVW�RQ�6�%��������WUHHV�KD-1���ORZHVW�RQ�6�'��
����� WUHHV�KD-1�� �H�J���)LJXUH����� DQG� IRXQG� WR�EH�KLJKHU�RQ�
plots where livestock grazing was excluded, regardless of 
harvesting method.
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Figure 2. Original site map created by C.F. Korstian in 1913. This map shows several features including the harvesting treatment, 
repeat photography stations, topography, skid trails, and permanent sample plots (called “reproduction plots”). The nine plots 
remeasured for this study are shaded (dark grey).
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Table 1. Plot descriptions and management histories for nine historical permanent plots established in 
1913 at Coulter Ranch, Coconino National Forest (Arizona).

Plot Size (ha) Elevation (m) TEUa Livestock Excluded?b Harvesting System

S5A2 1.2 2300 585 N Seed-tree
S5B2 1.2 2272 585 Y Seed-tree
S5E2 1.0 2239 582/585 Y Seed-tree
S5B1 1.9 2260 585/586 Y Group selection
S5C1 1.2 2272 585 N Group selection
S5G1 0.8 2267 585 N Group selection
S5B3 1.2 2255 582/585 Y Light selection
S5D3 0.8 2262 585 N Light selection
S5F3 0.8 2255 585 N Light selection

a Terrestrial Ecosystem Unit (Miller and others 1994). The corresponding soil orders are: 582 = Typic Argiborolls 
and Mollic Eutroboralfs; 585 = Lithic Eutroboralfs; 586 = Mollic Eutroboralfs and Lithic Eutroboralfs.

b Sites excluded from livestock grazing by fencing in 1919.

Figure 3. Historical (a) and 
Contemporary (b) tree density 
(tree ha-1) for ponderosa pine 
and reconstructed Gambel oak 
trees ( ≥ 9.14 cm DBH) on plots 
at the Coulter Ranch Study Site. 
Historical densities include trees 
that were reconstructed because 
they were either harvested prior 
to (Harvested Pine* - light grey) or 
not measured at the time of plot 
establishment (Live Oak* - dark 
grey).
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Figure 4. Historical (a) and 
Contemporary (b) stand basal area 
(m2 ha-1) for ponderosa pine and 
reconstructed Gambel oak trees  
(≥ 9.14 cm DBH) on plots at the 
Coulter Ranch Study Site. Historical 
stand basal area includes trees 
that were reconstructed because 
they were either harvested prior 
to (Harvested Pine* - light grey) or 
not measured at the time of plot 
establishment (Live Oak* - dark grey).

Figure 5. 1913 (left) and 2006 (right) photographs taken on S5B3 (Light selection System). The circles indicate the plot corner in 
each photo. Note the even-aged recruitment in foreground near plot corner, general increases in tree density, the complete 
decomposition of logging slash, and increased numbers of small trees throughout. The 1913 photo was taken by H. Krauch 
(USFS photo 17011A), and the 2006 photo by A.J. Sánchez Meador.
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Discussion and Conclusions

Overall, both pine and oak densities increased with each 
harvesting system, but the seed-tree had the largest increase 
DQG� WKH� OLJKW� VHOHFWLRQ� KDG� WKH� OHDVW�� 3UHYLRXV� UHVHDUFK�
on these sites showed that pine recruitment, over the past 
���\HDUV��RFFXUUHG�FRPPRQO\� LQ� LQWHUVSDFHV�RU�FDQRS\�JDS�
�H�J���)LJXUH���� DQG�DZD\� IURP�ROGHU�� OLYH� WUHHV�RU� UHVLGXDO�
WUHH�SDWFKHV��6iQFKH]�0HDGRU�DQG�RWKHUV�������

The tree density differences observed in the harvest 
methods are not surprising, though there are few long-term 
VWXGLHV�WKDW�TXDQWLI\�WKHVH�GLIIHUHQFHV��7KH�6HHG�WUHH�PHWKRG�
essentially removed the overstory, leaving only a few wide-
ly spaced trees to provide for uniformly distributed seed. 
Drastically opening the tree canopy, and increased distur-
EDQFH�WR�WKH�IRUHVW�ÀRRU�E\�WKH�KDUYHVW�LWVHOI��OLNHO\�LQFUHDVHG�
the sites for ponderosa pine seedlings to establish. The Light 
group selection method, on the other hand, harvested mature 
and older pines, either isolated or in groups.

These overall increases in tree density are consistent with 
the structural changes in ponderosa pine ecosystems re-
SRUWHG�WKURXJKRXW�$UL]RQD��)XOp�DQG�RWKHUV�������0DVW�DQG�
RWKHUV�������0RRUH� DQG�RWKHUV��������&RQWHPSRUDU\� VWDQG�
FRQGLWLRQV��LQFUHDVHG�GHQVLW\�DQG�VPDOOHU�WUHHV��PRVW�OLNHO\�
resulted from numerous pulses of pine establishment in the 
HDUO\�����V��6DYDJH�DQG�RWKHUV�������6iQFKH]�0HDGRU�DQG�

RWKHUV�������IROORZLQJ�KHDY\�OLYHVWRFN�JUD]LQJ�DQG�LQWHQVLYH�
KDUYHVWLQJ��H�J���VHHG�WUHH�RU�FOHDUFXW�V\VWHPV���,QWHQVH�JUD]-
ing provided favorable seedbeds for seedling establishment, 
VLPLODU�WR�WKRVH�FUHDWHG�KLVWRULFDOO\�E\�¿UH�RU�PRUH�UHFHQWO\�
E\�KDUYHVWLQJ��DQG�ZKHQ�FRPELQHG�ZLWK�¿UH�H[FOXVLRQ�ZRXOG�
allow an unusually high density of trees to become estab-
OLVKHG� DQG� SHUVLVW� �%DNNHU� DQG�0RRUH� ������&RRSHU� ������
0DVW�DQG�RWKHUV�������:KLWH�������

Although we found differences in tree densities among 
WKH�KDUYHVW�WUHDWPHQWV�LQ������DQG������������DQG�DOVR�GLI-
ferences due to livestock grazing, we must interpret these 
results with caution. Our ability to draw causal inferences is 
limited by the lack of treatment replication, which is a com-
mon problem in assessing change using retrospective studies 
�&DUSHQWHU�������DQG�ZLWK�FDVH�VWXGLHV�LQ�JHQHUDO��,Q�DGGLWLRQ��
ZH�DOVR�QRWH� WKDW� WKH������ UHFRQVWUXFWHG�GDWD� �XQKDUYHVWHG�
VFHQDULR��GR�QRW�UHSUHVHQW�SUHVHWWOHPHQW�UHIHUHQFH�FRQGLWLRQV�
�.DXIPDQQ� DQG�RWKHUV� ������)XOp� DQG�RWKHUV� ������0RRUH�
DQG� RWKHUV� �������7KH� ����� XQKDUYHVWHG� VFHQDULRV� HPERG-
LHV� VRPH� ���� \HDUV� RI� ¿UH� H[FOXVLRQ� DQG� LQWHQVH� OLYHVWRFN�
grazing.

Despite the cautions and limitations, historical permanent 
SORW�GDWD�FDQ�SURYLGH�XQLTXH�RSSRUWXQLWLHV�WR�TXDQWLI\�WHP-
poral and spatial changes in forest structure, and to determine 
the impacts of past land-use (harvesting, livestock grazing, 
¿UH�H[FOXVLRQ���QDWXUDO�GLVWXUEDQFHV��DQG�FOLPDWH�

Figure 6. 1913 (left) and 2006 (right) photographs taken on S5B2 (Seed-tree system). The circles indicate the plot corner in 
each photo. Note the increased numbers of small trees in 2006, the presence of ladder fuels, the complete decomposition 
of logging slash, and loss of herbaceous plants in the understory. The 1913 photo was taken by H. Krauch (USFS photo 
16976A), and the 2006 photo by A.J. Sánchez Meador.
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In: 2OEHUGLQJ��6XVDQ�'���DQG�0RRUH��0DUJDUHW�0���WHFK�FRRUGV��������)RUW�9DOOH\�([SHULPHQWDO�)RUHVW²$�&HQWXU\�RI�5HVHDUFK������������
3URFHHGLQJV�5056�3�����)RUW�&ROOLQV��&2��8�6��'HSDUWPHQW�RI�$JULFXOWXUH��)RUHVW�6HUYLFH��5RFN\�0RXQWDLQ�5HVHDUFK�6WDWLRQ������S�

Introduction

The following offers a glimpse into the early years of vari-
RXV�)RUW�9DOOH\�([SHULPHQW�6WDWLRQ��)RUW�9DOOH\��UHVHDUFKHUV��
This article serves to demonstrate that Fort Valley was a prov-
ing ground for research foresters who ultimately had colossal 
impacts reaching much further than the ponderosa pine forest 
of northern Arizona. There is a primary focus on the foresters 
who came to Fort Valley to further develop solid technical 
foundations for national forest management and how through 
their careers impacted early American silviculture and for-
HVWU\�DW�D�QDWLRQDO�VFDOH��)LJXUH����

Gustaf “Gus” Adolph Pearson 
(1880–1949)

,W� PDNHV� VHQVH� WR� EHJLQ� ZLWK� 3HDUVRQ� �)LJXUH� ���� D�
Nebraska farm boy who graduated from the University of 
1HEUDVND�� 3HDUVRQ� MRLQHG� WKH� )RUHVW� 6HUYLFH� LQ� ����� DQG�
began his career studying depleted range conditions on the 
Wallowa National Forest in Oregon, but transferred to work 
with the Arizona ponderosa pines by the summer of 1908 and 
ZDV�QDPHG�WKH�¿UVW�)RUW�9DOOH\�'LUHFWRU��+LV�HQWLUH�FDUHHU�UH-
volved around Fort Valley and southwestern ponderosa pine 
UHJHQHUDWLRQ��3HDUVRQ�UHWLUHG�LQ������DQG�VSHQW�WKH�ODVW�\HDUV�
of his life compiling his decades of research into a book that 
became THE manual on ponderosa pine management. He 
died at his Tucson desk in 1949 while editing this monograph 

Fort Valley’s Early Scientists: A Legacy of Distinction

Andrew J. Sánchez Meador, USFS, Forest Management Service Center, Fort 
Collins, CO; and Susan D. Olberding, USFS, Rocky Mountain Research 
Station, Flagstaff, AZ

Abstract—When the Riordan brothers of Flagstaff, Arizona, asked Gifford Pinchot to de-
termine why there was a deficit in ponderosa pine seedlings, neither party understood the 
historical significance of what they were setting in motion for the field of forest research. The 
direct result of that professional favor was the establishment of the Fort Valley Experiment 
Station (Fort Valley) in 1908, and the insights produced through its research program are 
remarkable. The scientists that passed through Fort Valley are an accolade that commonly 
goes unmentioned, and includes extraordinary individuals such as: Gustaf “Gus” Pearson, 
Emanuel Fritz, Edward C. Crafts, and Ruthford H. Westveld.

that was published posthumously as The Management of 
Ponderosa Pine in the Southwest1.

+H�LV�EXULHG�LQ�)ODJVWDII�DORQJVLGH�KLV�ZLIH��0D\�3HUNLQV�
3HDUVRQ��,Q�������D�����DFUH�SRQGHURVD�SLQH�SORW�QHDU�)RUW�
9DOOH\� ZDV� QDPHG� WKH� *��$�� 3HDUVRQ� 1DWXUDO�$UHD� E\� WKH�
6RXWKZHVWHUQ�6HFWLRQ��6RFLHW\�RI�$PHULFDQ�)RUHVWHUV��6$)���
WR�KRQRU�DQG�SD\� WULEXWH� WR�3HDUVRQ¶V�GHFDGHV�RI�VHUYLFH� LQ�
perpetuating the southwestern ponderosa pine forest. The 
6$)�DOVR�QDPHG�3HDUVRQ�RQH�RI�WKH�WRS�IRXU�VLOYLFXOWXUDOLVWV�
of the twentieth century.

Edward C. Crafts (1910–1980)

&UDIWV�ZDV�DVVLJQHG�WR�)RUW�9DOOH\�LQ������DQG�EHJDQ�ZRUN�
with the range staff who were examining the effects of live-
stock browsing on forest vegetation. While at Fort Valley, 
he was placed in charge of the Civilian Conservation Corps 
�&&&��FDPS�DW�0RUPRQ�/DNH�DQG�FRQGXFWHG�D�ODUJH�DPRXQW�
of tree thinning in and around Flagstaff. After seven years in 
WKH�6RXWKZHVW�ZLWK�DERXW�DV�PDQ\�MRE�FKDQJHV�DQG�GXW\�VWD-
tions, he was promoted to Forest Economist and transferred 
WR� WKH� &DOLIRUQLD� )RUHVW� DQG� 5DQJH� ([SHULPHQW� 6WDWLRQ� LQ�
%HUNHOH\��&$��+LV�ORQJ�)RUHVW�6HUYLFH�FDUHHU�HYHQWXDOO\�OHG�
WR�KLP�EHLQJ�QDPHG�DV�86)6�$VVLVWDQW�&KLHI�LQ�����2, and 
DQ�DSSRLQWPHQW�E\�6HFUHWDU\�8GDOO�DV�KHDG�RI�WKH�%XUHDX�RI�
2XWGRRU�5HFUHDWLRQ�

1 Pearson, G. A. 1950. Management of ponderosa pine in the 
Southwest. Agriculture Monograph 6. Washington, DC, 
United States Government Printing Office.

2 Crafts E. C.; Schrepfer, S. R. 1972. Edward C. Crafts: Forest 
Service researcher and congressional liaison—An eye to 
multiple use. Forest History Society.
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Figure 1. Known locations where early Fort Valley Experimental Forest scientists progressed to established research and/or 
service programs throughout the United States. The locations in black indicate places referenced in this manuscript.

Figure 2. Gustaf “Gus” Adolph Pearson 
served as the first Fort Valley Director 
and was instrumental to sending off 
many durable foresters. USFS photo 
193734 by E. S. Shipp in 1924.
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Hermann Krauch (1886–1962)

0LQQHVRWD�ERUQ� +HUPDQQ� .UDXFK� ¿UVW� DUULYHG� DW� )RUW�
9DOOH\� LQ� 0D\� ������ ZKHUH� KH� ZRUNHG� RQ� D� &RFRQLQR�
1DWLRQDO�)RUHVW�PDUNLQJ�VWXG\��7KXV�EHJDQ�KLV�IUHTXHQW�RF-
FXSDQF\�RI�)RUW�9DOOH\��DV�D�EDVH�RI�RSHUDWLRQV��RYHU�WKH�QH[W�
three decades. He graduated with a degree in Forestry from 
the University of Minnesota in 1910 and accepted a summer 
MRE�ZLWK�WKH�.DQLNVX�1DWLRQDO�)RUHVW�LQ�:DVKLQJWRQ��%\�$SULO�
������KH�ZDV�RQ�WKH�3HFRV��QRZ�WKH�6DQWD�)H��1DWLRQDO�)RUHVW�
LQ�FKDUJH�RI� WKH�*DOOLQDV�QXUVHU\�WKDW�SURGXFHG�'RXJODV�¿U�
and Engelmann spruce for transplanting onto burned for-
HVW� DUHDV�� .UDXFK� DOVR� KHDGHG� WKH� &ORXGFURIW� QXUVHU\� RQ�
the Lincoln National Forest and worked on timber recon-
naissance, compiled working plan data, and miscellaneous 
LQYHVWLJDWLRQV��+H�VSRNH�*HUPDQ��ZRUH�D�KHDULQJ�DLG��DV�GLG�
3HDUVRQ�DQG�VWRULHV�DUH�WROG�RI�VKRXWLQJ�PDWFKHV�EHWZHHQ�WKH�
WZR�PHQ���DQG�ZDV�NQRZQ�IRU�NHHSLQJ�FRSLRXV�QRWHV�

Charles Knesal Cooperrider 
(1889–1944)

&KDUOHV�³&RRS´�&RRSHUULGHU��)LJXUH����LV�OLWWOH�NQRZQ�LQ�
today’s world, but a man considered a prophet by legendary 
Aldo Leopold. “Coop” recognized the relationship between 
water, land, and people, and how the pace of use would de-
plete available natural resources. Cooperrider graduated 

from the University of Ohio in 1914 and moved to the arid 
6RXWKZHVW� WR� HDVH� KLV� WXEHUFXORVLV�� +H� MRLQHG� WKH� )RUHVW�
6HUYLFH�LQ������DV�DVVLVWDQW�UDQJHU�RQ�WKH�6DQWD�)H�1DWLRQDO�
Forest and immediately recognized the dangers associated 
with erosion caused by overgrazing cattle. “Coop” would 
ODWHU�EH�DVVLJQHG� WR�'LVWULFW���KHDGTXDUWHUV� LQ�$OEXTXHUTXH�
as a range scientist where he studied the effects of grazing. In 
������ZKHQ�5DQJH�5HVHDUFK�UHFHLYHG�DSSURSULDWLRQ��³&RRS´�
led the southwestern division and created the foundation for 
watershed studies. He lived between Fort Valley, Tucson, 
DQG�6LHUUD�$QFKD�PRVW�RI�WKH�WLPH��0DQ\�LQ�WKH�86)6�UHF-
ognized and respected him and often sought his advice on 
watershed projects. The majority of his career was spent in 
WKH�6RXWKZHVW��H[FHSW�IRU�D�VKRUW�WLPH�DW�WKH�)RUHVW�3URGXFWV�
Laboratory in Wisconsin.

During World War II, Cooperrider was assigned to work 
LQ�0H[LFR�ZLWK�WKH�*XD\XOH�UXEEHU�SURMHFW��+LV�IUDJLOH�KHDOWK�
worsened while in Mexico and he died in 1944 at 55 years 
of age. Leopold, who eventually would write Cooperrider’s 
obituary in the Journal of Wildlife Management�, considered 
“Coop” a mentor, a friend, and a man ahead of his time with 
respect to conservation.

Figure 3. Charles Knesal Cooperrider, an outspoken and respected rangeland and watershed scientist, who 
often publicly disagreed with Pearson and was said to have possessed a “spark of divinity” by Aldo 
Leopold. USFS photo 307644 by W. J. Cribbs in 1933.

3 Obituary of Charles Knesal Cooperrider, July, Journal of 
Wildlife Management, republished in Aldo Leopold’s 
Wilderness (Harrisburg, PA: Stackpole Books 1990). 229.
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Emanuel Fritz (1886–1988)

Emanuel Fritz, a Maryland native, graduated from Cornell 
in mechanical engineering in 1908 and received a Masters in 
IRUHVWU\�IURP�<DOH�8QLYHUVLW\�LQ�������+H�MRLQHG�WKH�8�6��)RUHVW�
6HUYLFH�LQ�������ZRUNLQJ�¿UVW�LQ�0RQWDQD�DQG�WKHQ�HYHQWXDOO\�
ending up at Fort Valley for about a year. His Recollections 
of Fort Valley4 article tells of life in the early days that men-
WLRQV�3HDUVRQ¶V�DSSUHFLDWLRQ�RI�)ULW]¶�HQJLQHHULQJ�EDFNJURXQG�
DQG� NQDFN� IRU� GHDOLQJ�ZLWK� WURXEOHVRPH� HTXLSPHQW��+H� OHIW�
Fort Valley to serve in World War I, after which he became 
DQ�$VVLVWDQW� 3URIHVVRU� RI� )RUHVWU\� DW� 8&�%HUNHOH\�� )RU� WKH�
IROORZLQJ�VHYHQ�GHFDGHV�KH�ZDV�D�PDMRU�¿JXUH�LQ�&DOLIRUQLD�
forestry, co-founding the California state forestry program, 
serving as editor for the Journal of Forestry, and was instru-
mental in developing redwood forestry5.

Ruthford Henry Westveld (1900–1985)

:HVWYHOG��)LJXUH����VHUYHG�DW�)RUW�9DOOH\�DV�D�IRUHVW�H[-
DPLQHU�DQG�ZHQW�RQ�WR�ZRUN�IRU�WKH�86)6�LQ�$UL]RQD��1HZ�

Figure 4. Ruthford Henry Westveld would go on 
to become a professor of Silviculture and was 
the creative and persistent force behind the 
McIntire-Stennis Act of 1962. Photo by C. M. 
Linthicum @ 1920. Courtesy of FVEF archives.

Mexico, and Oregon. After two short tenures at Michigan 
6WDWH� DQG� WKH� 8QLYHUVLW\� RI�0LVVRXUL��:HVWYHOG� MRLQHG� WKH�
IDFXOW\�RI�WKH�6FKRRO�RI�)RUHVWU\�DW�WKH�8QLYHUVLW\�RI�)ORULGD�
LQ������DV�3URIHVVRU�RI�6LOYLFXOWXUH��:KLOH�DW�)ORULGD��KH�GLG�
SLRQHHULQJ�ZRUN�RQ�WKH�QXWULWLRQDO�UHTXLUHPHQWV�RI�VRXWKHUQ�
pines and wrote two widely used texts, Applied Silviculture 
and Forestry in Farm Management. He then served as 
'LUHFWRU�RI�WKH�)RUHVWU\�6FKRRO�DW�0LVVRXUL�IURP������������
He was the creative and persistent force behind the McIntire-
6WHQQLV�$FW�RI������WKDW�FKDQJHG�WKH�IDFH�RI�IRUHVWU\�UHVHDUFK�
by providing a continuing source of funding.

Clarence F. Korstian (1889–1968)

/LNH� 3HDUVRQ�� 1HEUDVND�ERUQ� .RUVWLDQ� ZDV� HGXFDWHG� LQ�
forestry at the University of Nebraska, but would go on to 
UHFHLYH�KLV�GRFWRUDWH�IURP�<DOH�8QLYHUVLW\��+LV�EULHI�WHQXUH�
as silviculturist at Fort Valley helped prepare him for his next 
assignment in 1921 to the newly opened Appalachian Forest 
([SHULPHQW�6WDWLRQ�LQ�$VKHYLOOH��1&��ZKHUH�KH�FRQWLQXHG�WR�
VSHFLDOL]H�LQ�VLOYLFXOWXUH��,Q�������KH�OHIW�WKH�)RUHVW�6HUYLFH�
and went to work for Duke University in Durham, NC, where 
KH� EHFDPH� D� SURIHVVRU� RI� IRUHVWU\� DQG� WKH� ¿UVW� GLUHFWRU� RI�
Duke Forest. He organized the Duke graduate school of for-
HVWU\��DQG�EHFDPH�LWV�GHDQ�LQ�������+H�ZDV�SUHVLGHQW�RI�WKH�
6$)�QDWLRQDO�FRXQFLO�IURP������������DQG�SUHVLGHQW�RI�WKH�
1RUWK�&DUROLQD�)RUHVWU\�$VVRFLDWLRQ�IURP�����������

4 Fritz, Emanuel. 1964 Recollections of Fort Valley, 
1916-1917. Forest History. Vol. 8 (3).

5 J. A. Zivnuska, H. J. Vaux, R. A. Cockrell. 1989. Emanuel 
Fritz, Forestry: Berkeley. University of California: In 
Memoriam. http://sunsite.berkeley.edu/uchistory/
archives_exhibits/in_memoriam/



USDA Forest Service RMRS-P-55.  2008. 241

Frank Wadsworth (1915– )

)UDQN�:DGVZRUWK�EHJDQ�KLV�FDUHHU�DW�)RUW�9DOOH\�LQ������
E\� EHLQJ� WDVNHG�ZLWK� WKH� ���\HDU� UHPHDVXUHPHQW� DQG� LQGL-
vidual tree pruning of the Wing Mountain plots, nearby to 
Fort Valley. While at Fort Valley, Wadsworth participated 
in many of the weekend social gatherings often put on by 
0D\�3HUNLQV�3HDUVRQ��*XV�3HDUVRQ¶V�ZLIH��8QGRXEWHGO\�� LW�
ZDV�DW�RQH�RI�WKHVH�IXQFWLRQV�ZKHUH�:DGVZRUWK�PHW�*XV�DQG�
May’s daughter, Margaret, who was a concert soprano and 
whom he would later marry. Because of perceived nepotism 
laws, Wadsworth transferred from Fort Valley and went to 
WKH�86)6�,QWHUQDWLRQDO�,QVWLWXWH�RI�7URSLFDO�)RUHVWU\��,,7)��
LQ�6DQ� -XDQ��3XHUWR�5LFR��ZKHUH�KH� VSHQW�KLV� FDUHHU� DV� WKH�
leader in the preservation of fragile tropical forests and 
served as the Director of the Institute of Tropical Forestry 
DQG� 6XSHUYLVRU� RI� WKH� &DULEEHDQ� 1DWLRQDO� )RUHVW� IRU� RYHU�
22 years. Wadsworth was instrumental in the formation 
RI� 3XHUWR� 5LFR¶V� 'HSDUWPHQW� RI� 1DWXUDO� 5HVRXUFHV� DQG�
Environment and the island’s Environmental Quality Board, 
DQG�SOD\HG�PDMRU� UROHV� LQ� WKH�SURWHFWLRQ�RI� D�3XHUWR�5LFDQ�
forest, mangroves, and natural resources at Maricao, Arroyo, 
and Mona Island, respectively. Over the course of his career, 
he has written over 100 technical papers and co-authored a 
book about tropical forestry and preservation, Common Trees 
of Puerto Rico and the Virgin Islands.

Conclusions

There can be no doubt that the time these scientists spent 
DW�)RUW�9DOOH\�ZDV�VLJQL¿FDQW�DQG� WKHLU� LQÀXHQFH�KDV�KDG�D�
profound impact on American Forestry. Much of their legacy 
is currently housed at the historical archives, located at the 
5RFN\�0RXQWDLQ�5HVHDUFK�6WDWLRQ�LQ�)ODJVWDII��$=��$UWLIDFWV�
conserved here, such as personal diaries and photographs, 
provide fascinating glimpses into the lives of these amazing 
pioneers of forest science and range management from brief 
WR� H[SDQVLYH�� ([DPSOHV� LQFOXGH� 3HDUVRQ¶V� GLDULHV� GHWDLOLQJ�
EXGJHWDU\�DQG�ORJLVWLF�PDWWHUV�WR�.UDXFK¶V�GLDULHV�LQFOXGLQJ�
many personal notes, such as what western novels he read 
�H�J���=DQH�*UH\¶V�Riders of the Purple Sage��DQG�GHWDLOV�RQ�
WKH�)RUHVW�6HUYLFH¶V�QHZ�XQLIRUPV��:KLOH�PRVW�RI�WKHVH�PHQ�
have passed on, their legacy and dedication to forest science 
DQG�WKH�¿HOG�RI�IRUHVWU\�FRQWLQXH�DV�D�WHVWDPHQW�WR�WKH�HDUO\�
86)6�DQG�WKH�)RUW�9DOOH\�([SHULPHQWDO�)RUHVW�
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In: 2OEHUGLQJ��6XVDQ�'���DQG�0RRUH��0DUJDUHW�0���WHFK�FRRUGV��������)RUW�9DOOH\�([SHULPHQWDO�)RUHVW²$�&HQWXU\�RI�5HVHDUFK������������
3URFHHGLQJV�5056�3�����)RUW�&ROOLQV��&2��8�6��'HSDUWPHQW�RI�$JULFXOWXUH��)RUHVW�6HUYLFH��5RFN\�0RXQWDLQ�5HVHDUFK�6WDWLRQ������S�

Introduction

,Q�������D�ORQJ�WHUP�SUHVFULEHG�EXUQ�VWXG\�ZDV�LQLWLDWHG�
E\�WKH�86)6��5RFN\�0RXQWDLQ�)RUHVW�DQG�5DQJH�([SHULPHQW�
6WDWLRQ�DW�WKH�&KLPQH\�6SULQJ�VWXG\�DUHD�RQ�WKH�)RUW�9DOOH\�
Experimental Forest. A year later a similar study was be-
gun at the Limestone Flats study area on the Long Valley 
Experimental Forest. These studies were designed to ex-
amine the effects of varying burn intervals on several forest 
characteristics including the abundance and composition of 
XQGHUVWRU\�YHJHWDWLRQ��$W�WKHVH�VWXG\�VLWHV����KD������DFUHV��
SORWV�KDYH�EHHQ�EXUQHG�DW�GLIIHUHQW�IUHTXHQFLHV�UDQJLQJ�IURP�
HYHU\� \HDU� WR� HYHU\� WHQ� \HDUV� IRU� WKH� SDVW� ��� \HDUV� XVLQJ�

Vascular Plant Checklist of the Chimney Spring and Limestone 
Flats Prescribed Burning Study Areas Within Ponderosa Pine 
Experimental Forests in Northern Arizona

Catherine Scudieri, School of Forestry, Northern Arizona University, Flagstaff, 
AZ, USFS, Rocky Mountain Research Station, Flagstaff, AZ; James F. 
Fowler, Carolyn Hull Sieg, USFS, Rocky Mountain Research Station, 
Flagstaff, AZ; Laura Williams, &GRCTVOGPV�QH�$KQNQIKECN�5EKGPEGU��
Northern Arizona University, Flagstaff, AZ; and Sally M. Haase, USFS, 
2CEKğE�5QWVJYGUV�4GUGCTEJ�5VCVKQP��4KXGTUKFG��%#

Abstract—This paper presents a vascular plant species list for two sites that are part of a 
long-term study exploring the effects of varying fire intervals on forest characteristics includ-
ing the abundance and composition of understory vegetation. The Chimney Spring study 
area is on the Fort Valley Experimental Forest near Flagstaff, AZ, and the Limestone Flats study 
area is on the Long Valley Experimental Forest, 90 km (56 mi) southeast of Flagstaff. Since 
1976 (Chimney Spring) and 1977 (Limestone Flats), three replicates of each of seven burn 
intervals (1, 2, 4, 6, 8, 10 years, plus unburned) have been maintained by the USFS Pacific 
Southwest Research Station. Each study area encompasses approximately 40 to 48 ha (99 
to 119 acres) of dense ponderosa pine (Pinus ponderosa) forest. Our plant species list was 
generated through systematic sampling of the understory vegetation in 2006 and 2007 as 
well as surveys of the entire study areas for additional species. We documented a total of 147 
species, with 96 species found at Chimney Spring and 123 species at Limestone Flats. There 
are eight introduced species on the list, with six introduced species found at Chimney Spring 
and seven found at Limestone Flats. All of the exotic species we found have been intentionally 
introduced to North America, either directly or indirectly, and are widespread throughout the 
United States so their presence at these sites is not surprising. This survey will serve as base-
line information for these two sites when examining future floristic changes due to continued 
research on fuels management and prescribed fire.

ORZ�VHYHULW\�IDOO�EXUQV��6DFNHWW�DQG�RWKHUV��������$W�YDULRXV�
LQWHUYDOV�WKURXJKRXW�WKH�ODVW����\HDUV��GDWD�RQ�WKH�DEXQGDQFH�
and composition of the understory vegetation has been col-
lected as part of these long-term studies.

,Q������DQG������ZH�FRQWLQXHG�WKH�ORQJ�WHUP�VDPSOLQJ�RI�
the understory vegetation using the original sampling proto-
cols for both sites augmented with additional sampling and 
survey methods. We have compiled a vascular plant species 
OLVW�IRU�&KLPQH\�6SULQJ�DQG�/LPHVWRQH�)ODWV�IURP�D�FRPEL-
nation of the recent sampling and surveys of the entire study 
DUHDV�LQ������DQG�������$OWKRXJK�WKLV�LV�D�ORQJ�WHUP�VWXG\��
historical data is not presented here because prior data was 
QRW�FROOHFWHG�DW� WKH�VDPH�VFDOH��HQWLUH�VLWH��DV� WKH�GDWD�SUH-
sented in this paper.
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Methods

Study Area and History

Both study areas are within the Coconino National Forest 
in northern Arizona. These sites are dominated by dense 
stands of an almost exclusive Pinus ponderosa (ponderosa 
SLQH��RYHUVWRU\�ZLWK�D�EXQFKJUDVV�XQGHUVWRU\�GRPLQDWHG�E\�
Festuca arizonica� �$UL]RQD� IHVFXH�� DQG�Elymus elymoides 
�VTXLUUHOWDLO��� &KLPQH\� 6SULQJ� LV� ORFDWHG� DSSUR[LPDWHO\� ���
NP� ���PL�� QRUWKZHVW� RI� )ODJVWDII��$UL]RQD�� DW� DQ� HOHYDWLRQ�
RI� �����P� ������ IW�� RQ�EDVDOW� VRLOV�ZLWK� DQ� DYHUDJH� DQQX-
DO� SUHFLSLWDWLRQ� RI� ��� FP� ���� LQFKHV�� �8�6��'HSDUWPHQW� RI�
$JULFXOWXUH�������:HVWHUQ�5HJLRQDO�&OLPDWH�&HQWHU��������
/LPHVWRQH�)ODWV�LV�DSSUR[LPDWHO\����NP�����PL��VRXWKHDVW�RI�
)ODJVWDII�DW�DQ�HOHYDWLRQ�RI������P�������IW��RQ�OLPHVWRQH�
sandstone soils with an average annual precipitation of 66 cm 
����LQFKHV���8�6��'HSDUWPHQW�RI�$JULFXOWXUH�������:HVWHUQ�
5HJLRQDO�&OLPDWH�&HQWHU�������

%HIRUH�������VXUIDFH�¿UHV�ZHUH�FRPPRQ�DW�ERWK�VLWHV�ZLWK�
PHDQ�¿UH�LQWHUYDOV�DYHUDJLQJ�����\HDUV��6ZHWQDP�DQG�%DLVDQ�
�������'HQGURFKURQRORJLFDO�VWXGLHV�LQ�WKLV�UHJLRQ�GRFXPHQW�

WKDW�WKLV�IUHTXHQW�¿UH�UHJLPH�ZDV�DEUXSWO\�KDOWHG�LQ�WKH�ODWH�
����V� SULPDULO\� GXH� WR� JUD]LQJ�� ORJJLQJ�� DQG� ¿UH� VXSSUHV-
VLRQ� �'LHWHULFK� ����D�� 'LHWHULFK� ����E�� )XOp� DQG� RWKHUV�
������6ZHWQDP�DQG�%DLVDQ��������1HLWKHU� VLWH� KDV� H[SHUL-
HQFHG�ZLOG¿UH�VLQFH�WKDW�WLPH��/LYHVWRFN�KDYH�EHHQ�H[FOXGHG�
from the study sites since before the studies began and the 
sites have never been logged with only a few downed and  
mistletoe-infested trees removed from the sites (Dieterich 
����E��6DFNHWW�������6XWKHUODQG�DQG�RWKHUV�������

Study Design

The same general study design is used at both Chimney 
6SULQJ�DQG�/LPHVWRQH�)ODWV��7KH�GHVLJQ�LQFOXGHV�VHYHQ�GLI-
ferent burn intervals: an unburned control and 1, 2, 4, 6, 8, 
DQG����\HDU�EXUQ�IUHTXHQFLHV��&KLPQH\�6SULQJ�HQFRPSDVVHV�
DSSUR[LPDWHO\����KD�����DFUHV��DQG�/LPHVWRQH�)ODWV�HQFRP-
SDVVHV� DSSUR[LPDWHO\� ��� KD� ����� DFUHV��� (DFK� VWXG\� DUHD�
LV� GLYLGHG� LQWR������KD� ����� DFUHV�� SORWV�� VHSDUDWHG�E\���P� 
���IW��ZLGH�¿UHOLQHV��ZLWK�HDFK�SORW�UDQGRPO\�DVVLJQHG�RQH�RI�
the seven burn intervals with three replicates of each interval 
�)LJXUH�����%HJLQQLQJ�LQ������DW�&KLPQH\�6SULQJ�DQG�LQ������

Figure 1. Plot layouts for the Chimney Spring and Limestone Flats study areas. Numbers indicate the 
assigned burn interval. Chimney Spring is located at 111° 41’ 7.1” W and 35° 16’ 0.4” N. Limestone 
Flats is located at 111° 19’ 39” W and 34° 33’ 37.9” N.
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at Limestone Flats, the plots were burned using low-severity 
IDOO�EXUQV�DFFRUGLQJ�WR�HDFK�DVVLJQHG�EXUQ�IUHTXHQF\�

The original sampling design for the understory vegeta-
WLRQ�DW�&KLPQH\�6SULQJ�XVHG�D�WRWDO�RI���������[����FP�����[�
���LQFKHV��TXDGUDWV�VSDFHG�DW���P����IW��LQWHUYDOV�ZLWKLQ�IRXU�
SHUPDQHQW����[����P������[����IW��VXESORWV�LQ�HDFK�SORW��$W�
Limestone Flats the original understory sampling design is 
GLIIHUHQW�IURP�WKDW�DW�&KLPQH\�6SULQJ��)LYH�SHUPDQHQW����P�
����IW�� WUDQVHFWV�ZHUH� LQVWDOOHG� LQ� HDFK� SORW�ZLWK� VL[� ���� [�
���FP�����[���IW��TXDGUDWV�SHU�WUDQVHFW�VSDFHG�DW���P�����IW��
LQWHUYDOV��IRU�D�WRWDO�RI����TXDGUDWV�SHU�SORW�

,Q������DQG������D�OLVW�RI�WKH�XQGHUVWRU\�ÀRUD�ZDV�FRP-
piled at both sites using the above sampling designs. In 
DGGLWLRQ��LQ�������VSHFLHV�FRPSRVLWLRQ�ZDV�PHDVXUHG�DW�ERWK�
VLWHV�E\�V\VWHPDWLFDOO\�VHDUFKLQJ�D�����[����P������[�����IW��
subplot within each plot. In addition to the above sampling, 
ERWK� VWXG\� DUHDV�ZHUH� VXUYH\HG� LQ� ����� DQG� ����� LQ� WKHLU�
entirety for any species not previously found during the sam-
pling. We walked the entire study area, for both sites, within 
the fence line several times throughout the growing season 
�IURP�HDUO\�VSULQJ� WR� ODWH� IDOO��DQG�FROOHFWHG�DQ\�DGGLWLRQDO�
species that we had not previously observed.

Nomenclature and nativity are based on Flora of North 
America (Flora of North America Editorial Committee 
��������,QWHUPRXQWDLQ�)ORUD��&URQTXLVW�DQG�RWKHUV���������
DQG�$UL]RQD� )ORUD� �.HDUQH\� DQG� 3HHEOHV� ������ LQ� WKDW� RU-
der of priority. The plant checklist format incorporates the 
JXLGHOLQHV� IURP� 3DOPHU� DQG� RWKHUV� �������� 6SHFLHV� ZHUH�
YHUL¿HG�DW�WKH�5RFN\�0RXQWDLQ�+HUEDULXP�DW�WKH�8QLYHUVLW\�
of Wyoming in Laramie and at the Deaver Herbarium in 
Flagstaff, Arizona. We deposited voucher specimens at the 
86)6�KHUEDULXP�DW�WKH�5RFN\�0RXQWDLQ�5HVHDUFK�6WDWLRQ�LQ�
Flagstaff, Arizona. Voucher specimens have been collected 
for nearly all species from both sites and we hope to complete 
our collection in 2008.

Results
The vascular plant species list was compiled from the sam-

pling and survey methods described above for the Chimney 
6SULQJ� DQG� /LPHVWRQH� )ODWV� VWXG\� DUHDV� �$SSHQGL[� $���
7DEOH� �� SURYLGHV� D� ÀRULVWLF� VXPPDU\� RI� WKH� VSHFLHV� IRXQG�
DW�WKHVH�VWXG\�DUHDV��:H�GRFXPHQWHG�D�WRWDO�RI�����VSHFLHV��

ZLWK� ��� VSHFLHV� IRXQG� DW�&KLPQH\�6SULQJ� DQG����� VSHFLHV�
DW�/LPHVWRQH�)ODWV��7KH�VSHFLHV�OLVW�FRQVLVWV�RI����IDPLOLHV��
���DW�&KLPQH\�6SULQJ�DQG����DW�/LPHVWRQH�)ODWV��7KHUH�DUH�
���SODQW� VSHFLHV�XQLTXH� WR�&KLPQH\�6SULQJ�DQG����VSHFLHV�
XQLTXH�WR�/LPHVWRQH�)ODWV��$W�&KLPQH\�6SULQJ���������SHU-
FHQW�� VSHFLHV� DUH� IRUEV�� ��� ���� SHUFHQW�� JUDPLQRLGV�� DQG� ��
��� SHUFHQW��ZRRG\� VSHFLHV��$W�/LPHVWRQH�)ODWV� WKH� SURSRU-
WLRQ� RI� VSHFLHV� LQ� HDFK� IXQFWLRQDO� JURXS� LV� VLPLODU�ZLWK� ���
����SHUFHQW��IRUEV���������SHUFHQW��JUDPLQRLGV��DQG������SHU-
FHQW��ZRRG\�VSHFLHV��:DLI�VSHFLHV�ZHUH�H[FOXGHG�IURP�WKLV�
list. There are eight introduced species on the list, with six 
LQWURGXFHG�VSHFLHV�IRXQG�DW�&KLPQH\�6SULQJ�DQG�VHYHQ�IRXQG�
at Limestone Flats. The introduced species range in rate of 
RFFXUUHQFH�IURP�LQIUHTXHQW��GLI¿FXOW�WR�¿QG�EXW�IRXQG�LQ�VHY-
HUDO�ORFDWLRQV��WR�IUHTXHQW��HDVLO\�IRXQG�LQ�FRPPRQ�KDELWDWV�
EXW�QRW�GRPLQDQW���3DOPHU�DQG�RWKHUV��������Linaria dalmat-
ica�RFFXUV�IUHTXHQWO\��Medicago lupulina, Rumex acetosella, 
Taraxacum RI¿FLQDOH, Tragapogon dubius, and Verbascum 
thapsus occur occasionally, while Bromus tectorum and 
Poa pratensis� RFFXU� LQIUHTXHQWO\� DW� &KLPQH\� 6SULQJ� DQG�
occasionally at Limestone Flats. The list contains three spe-
cies that are endemic to northern Arizona: Draba asprella, 
Hymenoxys jamesii, and Triteleia lemmoniae.

Discussion
$�¿YH�\HDU�VWXG\�H[DPLQLQJ�WKH�HIIHFWV�RI�SUHVFULEHG�EXUQ-

ing on ponderosa pine understory vegetation at sites near both 
study areas found similar proportions of forb, graminoid, and 
ZRRG\�VSHFLHV����������DQG���SHUFHQW� UHVSHFWLYHO\� �)RZOHU��
GDWD� RQ� ¿OH���$OWKRXJK� WKDW� VWXG\� KDG� JUHDWHU� WRWDO� VSHFLHV�
ULFKQHVV������YV��������LW�DOVR�VDPSOHG�ODUJHU��PRUH�GLYHUVH�
habitats, so our survey methods have likely found most of the 
ÀRUD�DW�WKHVH�VLWHV��:H�HVWLPDWH�WKDW�ZH�KDYH�IRXQG�DW�OHDVW����
SHUFHQW�RI�WKH�VSHFLHV�DW�WKHVH�VLWHV��6KRUW�OLYHG�DQQXDOV�ZHUH�
likely among the under-represented species.

All of the exotic species we found have been intentionally 
introduced to North America, either directly or indirectly, 
through seeding programs, as seed contaminants, or in the 
case of Linaria dalmatica, as an ornamental plant (Dodge 
and others 2008, Fowler and others 2008, Mack and Erneberg 
�������7KHVH�LQWURGXFHG�VSHFLHV�DUH�ZLGHVSUHDG�WKURXJKRXW�
WKH�8QLWHG�6WDWHV� �WKH�:HVWHUQ�8�6�� IRU�Linaria dalmatica��

Table 1. Floristic summary of the vascular plant species at the Chimney Spring and 
Limestone Flats Study Areas for 2006 and 2007.

 Species

Group Families Genera Native Exotic Total

Gymnosperm 2 3 5 0 5
Monocot 6 25 29 2 31
Dicot 32 91 105 6 111
Total 40 119 139 8 147
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so their presence at these sites is not surprising. Although 
VRPH�RI� WKHVH�VSHFLHV�RFFXU�IUHTXHQWO\�DW� WKHVH�VWXG\�VLWHV��
WKHLU�RYHUDOO�DEXQGDQFH�LV�VWLOO�TXLWH�ORZ��7KH�ORZ�DEXQGDQFH�
DQG�ULFKQHVV�RI�WKHVH�H[RWLF�VSHFLHV�DW�&KLPQH\�6SULQJ�DQG�
Limestone Flats is consistent with other studies that have 
examined the effects of low levels of disturbance, such as 
ORZ�VHYHULW\�¿UH��RQ� LQYDVLYH�VSHFLHV� �&UDZIRUG�DQG�RWKHUV�
������)RZOHU�DQG�RWKHUV�������*ULI¿V�DQG�RWKHUV��������:H�
were unable to determine the nativity of Lepidium virginicum 
WR�QRUWKHUQ�$UL]RQD�GXH�WR�FRQÀLFWLQJ�LQIRUPDWLRQ�IURP�DX-
thoritative sources.

This survey will serve as baseline information for these 
WZR� VLWHV� ZKHQ� H[DPLQLQJ� IXWXUH� ÀRULVWLF� FKDQJHV� GXH� WR�
FRQWLQXHG�UHVHDUFK�RQ�IXHOV�PDQDJHPHQW�DQG�SUHVFULEHG�¿UH�
practices in the absence of tree harvesting.
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The annotational abbreviations used in this checklist are: 
QDWLYH� �1��� H[RWLF� �(��� XQFHUWDLQ� �8��� FRQVHUYDWLRQ� FRQFHUQ�
�&���7KH�FRQVHUYDWLRQ�FRQFHUQ�FRPPHQW�LV�EDVHG�RQ�)ORUD�RI�
1RUWK�$PHULFD�(GLWRULDO�&RPPLWWHH����������7KH�VLWH�ORFD-
WLRQ�DEEUHYLDWLRQV�DUH�DV�IROORZV��&KLPQH\�6SULQJ��&6��DQG�
/LPHVWRQH�)ODWV� �/)���7KH� IUHTXHQF\�RI�RFFXUUHQFH� UDWLQJV�
IROORZ�JXLGHOLQHV�VHW�E\�3DOPHU�DQG�RWKHUV� �������DQG�DUH��
abundant, dominant or codominant in one or more common 
KDELWDWV��IUHTXHQW��HDVLO\�IRXQG�LQ�RQH�RU�PRUH�FRPPRQ�KDE-
LWDWV� EXW� QRW� GRPLQDQW� LQ� DQ\� FRPPRQ� KDELWDW�� RFFDVLRQDO��
ZLGHO\�VFDWWHUHG�EXW�QRW�GLI¿FXOW�WR�¿QG��LQIUHTXHQW��GLI¿FXOW�
WR�¿QG�ZLWK�IHZ�LQGLYLGXDOV�RU�FRORQLHV�EXW�IRXQG�LQ�VHYHUDO�
ORFDWLRQV�� UDUH�� YHU\� GLI¿FXOW� WR� ¿QG� DQG� OLPLWHG� WR� RQH� RU�
very few locations or uncommon habitats. These ratings ap-
SO\� VSHFL¿FDOO\� WR� WKHVH� WZR� VWXG\� VLWHV� DQG� QRW� WKH� ODUJHU�
area. The species noted as Endemic are endemic to northern 
Arizona.

Apiaceae

Cymopterus lemmonii��-�0��&RXOW�	�5RVH��'RUQ��1��&6�
IUHTXHQW��/)�IUHTXHQW

Asclepiadaceae

Asclepias asperula��'HFQH���:RRGVRQ��$QWHORSH�KRUQV��
1��/)�LQIUHTXHQW

Asteraceae

Achillea millefolium�/LQQDHXV��&RPPRQ�\DUURZ��1��&6�
IUHTXHQW��/)�RFFDVLRQDO

Ageratina herbacea��$��*UD\��5�0��.LQJ�	�+��
5RELQVRQ��1��/)�LQIUHTXHQW

Agoseris SDUYLÀRUD��1XWWDOO��'��'LHWULFK��1��&6�
occasional, LF occasional

Amauriopsis dissecta��$��*UD\��5\GEHUJ��1��&6�
occasional, LF occasional

Antennaria marginata�*UHHQH��:KLWH�PDUJLQ�SXVV\WRHV��
1��&6�RFFDVLRQDO��/)�RFFDVLRQDO

Antennaria parvifolia�1XWWDOO��6PDOO�OHDI�SXVV\WRHV��1��
&6�IUHTXHQW��/)�IUHTXHQW

Antennaria rosulata�5\GEHUJ��.DLEDE�SXVV\WRHV��1��&6�
LQIUHTXHQW��/)�LQIUHTXHQW

Artemisia carruthii�$OSK��:RRG�H[�&DUUXWK��1��&6�
occasional, LF occasional

Artemisia ludoviciana Nuttall subsp. mexicana 
�:LOOGHQRZ��H[�6SUHDJHO�'�'��.HFN��1��&6�
occasional, LF occasional

&KU\VRWKDPQXV�YLVFLGLÀRUXV��+RRNHU��1XWWDOO��1��&6�
LQIUHTXHQW

Cirsium wheeleri��$��*UD\��3HWUDN��1��&6�IUHTXHQW��/)�
IUHTXHQW

Conyza canadensis��/LQQDHXV��&URQTXLVW��1��/)�
occasional

Dieteria canescens��3XUVK��1XWWDOO�YDU��canescens��1��&6�
LQIUHTXHQW

Erigeron divergens�7RUUH\�	�$��*UD\��1��&6�IUHTXHQW��
/)�IUHTXHQW

(ULJHURQ�ÀDJHOODULV�$��*UD\��1��&6�RFFDVLRQDO
Erigeron formosissimus�*UHHQH�YDU��viscidus��5\GEHUJ��

&URQTXLVW��1��&6�RFFDVLRQDO��/)�RFFDVLRQDO
Erigeron speciosus��/LQGOH\��GH�&DQGROOH��1��/)�

occasional
Erigeron tracyi�*UHHQH��1��/)�LQIUHTXHQW
+HOLRPHULV�PXOWLÀRUD Nuttall var. nevadensis��$��1HOVRQ��

:�)��<DWHV��1��&6�RFFDVLRQDO��/)�RFFDVLRQDO
Heterotheca villosa��3XUVK��6KLQQHUV�YDU��pedunculata 

�*UHHQH��9�/��+DUPV�H[�6HPSOH��1��/)�IUHTXHQW
Hieracium fendleri�6FKXOW]�%LSRQWLQXV��1��&6�

RFFDVLRQDO��/)�IUHTXHQW
Hymenopappus mexicanus�$��*UD\��1��/)�RFFDVLRQDO
Hymenoxys bigelovii��$��*UD\��.�)��3DUNHU��1��&6�

occasional, LF occasional
Hymenoxys jamesii�%LHUQHU��1��/)�LQIUHTXHQW��

Endemic, C
Laennecia schiedeana��/HVVLQJ��*�/��1HVRP��1��&6�

IUHTXHQW��/)�RFFDVLRQDO
Packera multilobata��7RUUH\�	�$��*UD\��:�$��:HEHU�	�

$��/|YH��1��&6�IUHTXHQW
Packera neomexicana��$��*UD\��:�$��:HEHU�	�$��/|YH�

var. neomexicana��1��/)�IUHTXHQW
Pseudognaphalium macounii��*UHHQH��.DUWHV]���1��&6�

IUHTXHQW��/)�RFFDVLRQDO
Senecio actinella�*UHHQH��1��&6�LQIUHTXHQW��/)�

occasional
Senecio eremophilus�5LFKDUGVRQ�YDU��kingii�*UHHQPDQ��

1��&6�LQIUHTXHQW
Senecio wootonii�*UHHQH��1��&6�LQIUHTXHQW
Solidago velutina de Candolle subsp. VSDUVLÀRUD��1��&6�

IUHTXHQW��/)�IUHTXHQW
Symphyotrichum falcatum��/LQGOH\��*�/��1HVRP�YDU��

commutatum��7RUUH\�	�$��*UD\��*�/��1HVRP��1��&6�
occasional, LF occasional

7DUD[DFXP�RI¿FLQDOH F.H. Wiggers. Common dandelion, 
(��&6�RFFDVLRQDO��/)�RFFDVLRQDO

Townsendia exscapa��5LFKDUGVRQ��3RUWHU��1��/)�
LQIUHTXHQW

Tragopogon dubius�6FRSROL��<HOORZ�VDOVLI\��(��&6�
occasional, LF occasional

Appendix A. Checklist of Vascular Plants of the Chimney 
Spring and Limestone Flats Study Areas
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Berberidaceae

Berberis repens Lindley. N, LF occasional

Boraginaceae

/LWKRVSHUPXP�PXOWLÀRUXP�7RUU��H[�$��*UD\��1��&6�
LQIUHTXHQW��/)�RFFDVLRQDO

Brassicaceae

Boechera fendleri��6��:DWVRQ��:�$��:HEHU��1��&6�
LQIUHTXHQW

Draba asprella�*UHHQH��1��/)�IUHTXHQW��(QGHPLF
Hesperidanthus linearifolius��$��*UD\��5\GE��1��/)�

LQIUHTXHQW
Lepidium virginicum L. var. virginicum. U, LF occasional
Noccaea montana��/���)�.��0H\��1��/)�RFFDVLRQDO
Pennellia longifolia��%HQWK���5ROOLQV��1��&6�LQIUHTXHQW��

/)�LQIUHTXHQW

Caryophyllaceae

Arenaria lanuginosa��0LFKDX[��5RKUEDFK�YDU��saxosa 
�$��*UD\��=DUXFFKL��1��&6�RFFDVLRQDO��/)�RFFDVLRQDO

Cerastium nutans var. obtectum�5D¿QHVTXH��1��/)�
LQIUHTXHQW

Drymaria leptophylla��&KDPLVVR�	�6FKOHFKWHQGDO��)HQ]O�
H[�5RKUEDFK�YDU��leptophylla��1��&6�RFFDVLRQDO��/)�
LQIUHTXHQW

Silene antirrhina�/LQQDHXV��1��/)�LQIUHTXHQW
Silene laciniata��$��*UD\��&�/��+LWFKFRFN�	�0DJXLUH�

subsp. greggii Cavanilles. N, LF occasional

Chenopodiaceae

Chenopodium berlandieri�0RTXLQ�7DQGRQ��1��&6�
LQIUHTXHQW

Chenopodium fremontii�6��:DWVRQ��1��&6�LQIUHTXHQW��/)�
LQIUHTXHQW

Dysphania graveolens��:LOOGHQRZ��0RV\DNLQ��1��&6�
IUHTXHQW��/)�RFFDVLRQDO

Commelinaceae

Commelina dianthifolia Delile. N, LF occasional
Tradescantia pinetorum�*UHHQH��1��/)�LQIUHTXHQW

Convolvulaceae

Ipomoea plummerae�*UD\��1��&6�RFFDVLRQDO��/)�
LQIUHTXHQW

Cupressaceae

Juniperus deppeana�6WHXGHO�YDU��deppeana. Alligator 
juniper, N, LF occasional

Juniperus monosperma��(QJHOPDQQ��6DUJHQW��2QH�VHHG�
MXQLSHU��1��/)�LQIUHTXHQW

Juniperus scopulorum�6DUJHQW��5RFN\�0RXQWDLQ�MXQLSHU��
1��/)�LQIUHTXHQW

Cyperaceae

Carex occidentalis�/�+��%DLOH\��1��&6�IUHTXHQW��/)�
IUHTXHQW

Cyperus fendlerianus�%RHFNHOHU��1��&6�LQIUHTXHQW��/)�
occasional

Ericaceae

Pterospora andromedea�1XWW��3LQHGURSV��1��/)�UDUH

Euphorbiaceae

Chamaesyce serpyllifolia��3HUV���6PDOO��1��&6�
LQIUHTXHQW��/)�LQIUHTXHQW

Euphorbia brachycera�(QJHOP��1��&6�LQIUHTXHQW��/)�
occasional

Tragia ramosa�7RUU��1��&6�LQIUHTXHQW

Fabaceae

Astragalus humistratus�$��*UD\��1��&6�IUHTXHQW��/)�
LQIUHTXHQW

Astragalus tephrodes�*UD\�YDU��brachylobus��*UD\��
Barneby. N, LF occasional

Cologania longifolia�*UD\��1��&6�LQIUHTXHQW��/)�
LQIUHTXHQW

Dalea candida Michx. ex Willd. White prairie clover, N, 
/)�LQIUHTXHQW

'DOHD�¿OLIRUPLV�*UD\��1��/)�LQIUHTXHQW
Lathyrus lanszwertii�.HOORJJ�YDU��leucanthus��5\GE���

Dorn. N, LF occasional
Lotus wrightii��$��*UD\��*UHHQH��1��&6�IUHTXHQW��/)�

IUHTXHQW
Lupinus argenteus�3XUVK�YDU��hillii��*UHHQH��%DUQHE\��1��

&6�RFFDVLRQDO��/)�IUHTXHQW
Medicago lupulina L. Black medick, E, LF occasional
Oxytropis lambertii�3XUVK��3XUSOH�ORFRZHHG��1��&6�

RFFDVLRQDO��/)�LQIUHTXHQW
Thermopsis rhombifolia��1XWW��H[�3XUVK��5LFKDUGVRQ�YDU��

ovata��5RELQVRQ�H[�3LSHU��(JHO\��1��&6�LQIUHTXHQW
Trifolium longipes Nutt. var. rusbyi��*UHHQH��+��

+DUULQJWRQ��1��&6�RFFDVLRQDO��/)�LQIUHTXHQW
Vicia americana�0XKO��H[�:LOOG��1��&6�IUHTXHQW��/)�

occasional

Fagaceae

Quercus gambelii�1XWWDOO��*DPEHO�RDN��1��&6�LQIUHTXHQW��
LF occasional

Geraniaceae

Geranium caespitosum�(��-DPHV��1��&6�RFFDVLRQDO��/)�
occasional

Grossulariaceae

Ribes cereum�'RXJODV��:D[�FXUUDQW��1��&6�LQIUHTXHQW
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Hydrophyllaceae

Nama dichotomum��5XL]�	�3DYRQ��&KRLV\��1��&6�
occasional

Phacelia heterophylla�3XUVK�YDU��heterophylla. N, LF 
LQIUHTXHQW

Iridaceae

Iris missouriensis�1XWWDOO��5RFN\�0RXQWDLQ�LULV��1��&6�
IUHTXHQW

Lamiaceae

Prunella vulgaris L. var. lanceolata��:��%DUWRQ��)HUQ��1��
/)�LQIUHTXHQW

Liliaceae

(FKHDQGLD�ÀDYHVFHQV��6FKXOWHV�	�6FKXOWHV�I���&UXGHQ��1��
&6�RFFDVLRQDO��/)�LQIUHTXHQW

Triteleia lemmoniae��6��:DWVRQ��*UHHQH��1��/)�
LQIUHTXHQW��(QGHPLF

Linaceae

Linum australe�$��+HOOHU��1��&6�LQIUHTXHQW��/)�
occasional

Nyctaginaceae

Mirabilis linearis�YDU���3XUVK��+HLPHUO�YDU��decipiens 
�6WDQGOH\��6�/��:HOVK��1��&6�LQIUHTXHQW

Onagraceae

Gayophytum racemosum�7RUU��	�$��*UD\��1��&6�
occasional, LF occasional

Gayophytum ramosissimum�7RUU��	�$��*UD\��1��/)�
LQIUHTXHQW

Oenothera laciniata Hill. N, LF occasional 

Orchidaceae

Malaxis soulei L.O. Williams. N, LF occasional
Corallorhiza maculata��5D¿QHVTXH��5D¿QHVTXH�YDU��

maculata��1��&6�LQIUHTXHQW

Oxalidaceae

Oxalis caerulea��6PDOO��.XQWK��1��&6�LQIUHTXHQW��/)�
LQIUHTXHQW

Pinaceae

Pinus ponderosa Douglas ex Lawson & C. Lawson var. 
scopulorum�(QJHOPDQQ��5RFN\�0RXQWDLQ�SRQGHURVD�
SLQH��1��&6�DEXQGDQW��/)�DEXQGDQW�

Pseudotsuga menziesii��0LUEHO��)UDQFR�YDU��glauca 
�0D\U��)UDQFR��5RFN\�0RXQWDLQ�'RXJODV�¿U��1��&6�
LQIUHTXHQW

Plantaginaceae

Plantago patagonica�-DFT��1��/)�RFFDVLRQDO

Poaceae

Agrostis scabra�:LOOG��1��/)�LQIUHTXHQW
Aristida arizonica Vasey. Arizona threeawn, N, LF 

occasional
Blepharoneuron tricholepis��7RUU���1DVK��3LQH�GURSVHHG��

1��&6�IUHTXHQW��/)�IUHTXHQW
Bouteloua gracilis��.XQWK��/DJ��H[�*ULI¿WKV��%OXH�

JUDPPD��1��&6�IUHTXHQW��/)�RFFDVLRQDO
Bromus ciliatus�/��)ULQJHG�EURPH��1��&6�RFFDVLRQDO�
Bromus tectorum�/��&KHDWJUDVV��(��&6�LQIUHTXHQW��/)�

occasional
Dichanthelium oligosanthes��6FKXOW���*RXOG��1��/)�

LQIUHTXHQW
Elymus elymoides��5DI���6ZH]H\�VXEVS��brevifolius��-�*��

6P���%DUNZRUWK��6TXLUUHOWDLO��1��&6�DEXQGDQW��/)�
IUHTXHQW

Eragrostis mexicana��+RUQHP���/LQN�VXEVS��mexicana. 
N, LF occasional

Festuca arizonica�9DVH\��$UL]RQD�IHVFXH��1��&6�
abundant, LF abundant

Koeleria macrantha��/HGHE���6FKXOW��-XQHJUDVV��1��/)�
IUHTXHQW

Muhlenbergia minutissima��6WHXG���6ZDOOHQ��1��&6�
LQIUHTXHQW��/)�RFFDVLRQDO

Muhlenbergia montana��1XWW���+LWFKF��0RXQWDLQ�PXKO\��
1��&6�IUHTXHQW��/)�IUHTXHQW

Muhlenbergia ramulosa��.XQWK��6ZDOOHQ��1��&6�
RFFDVLRQDO��/)�LQIUHTXHQW

Muhlenbergia straminea�+LWFKF��6FUHZOHDI�PXKO\��1��&6�
LQIUHTXHQW��/)�RFFDVLRQDO

Muhlenbergia wrightii�9DVH\�H[�-�0��&RXOW��6SLNH�PXKO\��
1��&6�RFFDVLRQDO��/)�LQIUHTXHQW

Panicum bulbosum�.XQWK��%XOE�SDQLFJUDVV��1��/)�
LQIUHTXHQW

Piptochaetium pringlei��%HDO��3DURGL��3ULQJOH¶V�
speargrass, N, LF occasional

Poa fendleriana��6WHXG���9DVH\�VXEVS��longiligula 
�6FULEQ��	�7�$��:LOOLDPV��6RUHQJ��0XWWRQJUDVV��1��
&6�DEXQGDQW��/)�DEXQGDQW

Poa pratensis L. subsp. pratensis��.HQWXFN\�EOXHJUDVV��(��
&6�LQIUHTXHQW��/)�RFFDVLRQDO

Schizachyrium scoparium��0LFK[���1DVK�YDU��scoparium. 
/LWWOH�EOXHVWHP��1��&6�LQIUHTXHQW��/)�RFFDVLRQDO

9XOSLD�RFWRÀRUD��:DOWHU��5\GE��YDU��hirtella��3LSHU��
Henrard. N, LF occasional

Polemoniaceae

Gilia aggregata��3XUVK��6SUHQJHO�YDU��maculata M.E. 
-RQHV��6N\URFNHW��1��/)�LQIUHTXHQW

Microsteris gracilis��+RRN���*UHHQH�YDU��humilior 
�+RRN���&URQT��1��/)�LQIUHTXHQW
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Polygonaceae

Eriogonum alatum Torrey var. alatum��1��&6�LQIUHTXHQW
Eriogonum racemosum�1XWWDOO��1��&6�RFFDVLRQDO��/)�

LQIUHTXHQW
Polygonum sawatchense�6PDOO�VXEVS��sawatchense. N, 

&6�RFFDVLRQDO��/)�RFFDVLRQDO
Rumex acetosella�/LQQDHXV��6KHHS�VRUUHO��(��/)�

occasional

Portulacaceae

Lewisia brachycalyx�(QJHOPDQQ�H[�$��*UD\��1��/)�
LQIUHTXHQW

Ranunculaceae

Thalictrum fendleri�(QJHOPDQQ�H[�$��*UD\��1��&6�
occasional, LF occasional

Rhamnaceae

Ceanothus fendleri�$��*UD\��1��&6�RFFDVLRQDO��/)�
occasional

Rosaceae

*HXP�WULÀRUXP�3XUVK�YDU��ciliatum��3XUVK��)DVVHWW��1��
&6�LQIUHTXHQW

Potentilla crinita�$��*UD\��1��&6�IUHTXHQW��/)�IUHTXHQW
Potentilla diversifolia�/HKP��1��&6�RFFDVLRQDO��/)�

occasional
Potentilla hippiana�/HKP��1��&6�RFFDVLRQDO��/)�

occasional
Potentilla subviscosa�*UHHQH��1��&6�RFFDVLRQDO
Rosa woodsii Lindl. var. ultramontana��6��:DWVRQ��-HSV��

1��&6�RFFDVLRQDO

Rubiaceae

Houstonia wrightii�$��*UD\��1��&6�LQIUHTXHQW��/)�
occasional

Saxifragaceae

Lithophragma tenellum�1XWW��1��/)�LQIUHTXHQW
Saxifraga rhomboidea�*UHHQH��1��/)�LQIUHTXHQW

Scrophulariaceae

Castilleja miniata�'RXJODV�H[�+RRN��1��&6�LQIUHTXHQW��
/)�LQIUHTXHQW

Linaria dalmatica��/���0LOOHU��'DOPDWLDQ�WRDGÀD[��(��&6�
IUHTXHQW

Mimulus rubellus�$��*UD\��1��&6�LQIUHTXHQW
Pedicularis centranthera�$��*UD\��1��&6�LQIUHTXHQW��/)�

occasional
Penstemon virgatus�*UD\��1��&6�RFFDVLRQDO��/)�

occasional
Verbascum thapsus�/��&RPPRQ�PXOOHLQ��(��&6�

occasional, LF occasional
Veronica peregrina L. var. xalapensis��+�%�.���6W��-RKQ�

	�:DUUHQ��1��/)�LQIUHTXHQW

Verbenaceae

Verbena macdougalii�$�$��+HOOHU��1��&6�LQIUHTXHQW

The content of this paper reflects the views of the author(s), who are 
responsible for the facts and accuracy of the information presented 
herein.
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In: 2OEHUGLQJ��6XVDQ�'���DQG�0RRUH��0DUJDUHW�0���WHFK�FRRUGV��������)RUW�9DOOH\�([SHULPHQWDO�)RUHVW²$�&HQWXU\�RI�5HVHDUFK������������
3URFHHGLQJV�5056�3�����)RUW�&ROOLQV��&2��8�6��'HSDUWPHQW�RI�$JULFXOWXUH��)RUHVW�6HUYLFH��5RFN\�0RXQWDLQ�5HVHDUFK�6WDWLRQ������S�

Introduction

Altered forest structure, functional processes and past land 
management practices have led to many critical conserva-
tion problems in southwestern ponderosa pine ecosystems, 
including loss of native biological diversity, declining her-
baceous productivity and increased severity of disturbances 
VXFK�DV�ZLOG¿UHV� �%DNNHU�DQG�0RRUH�������&RYLQJWRQ�DQG�
0RRUH��������&XUUHQWO\��HIIRUWV�DUH�XQGHUZD\�WR�UHVWRUH�WKH�
ecological integrity and biodiversity of these ecosystems. 
Ecological restoration treatments, using thinning and pre-
VFULEHG�¿UH��DUH�DQ�HIIHFWLYH�DSSURDFK�IRU�UHYHUVLQJ�WKH�ORVV�
of habitat and biodiversity in ponderosa pine ecosystems 
�/DQGUHV� DQG� RWKHUV� ������ 0RRUH� DQG� RWKHUV� ������� %RWK�
overstory thinning and prescribed burning can have mixed re-
sults on understory recovery, depending upon thinning level, 
EXUQLQJ�IUHTXHQF\�DQG�VHYHULW\��WKH�FRPPXQLW\�FRPSRVLWLRQ�
prior to the disturbance, past land use and climatic conditions 

Effects of Ecological Restoration Alternative Treatments on 
Nonnative Plant Species Establishment

Michael T. Stoddard and Christopher M. McGlone, Ecological Restoration 
Institute (ERI), Northern Arizona University, Flagstaff, AZ; and Peter 
Z. Fulé, ERI and School of Forestry, Northern Arizona University, 
Flagstaff, AZ

Abstract—Disturbances generated by forest restoration treatments have the potential for en-
hancing the establishment of nonnative species thereby impeding long-term native plant 
recovery. In a ponderosa pine forest next to the Fort Valley Experimental Forest, Arizona, we 
examined the establishment of nonnative species after three alternative treatments with dif-
ferent intensities of tree thinning, coupled with prescribed burning and an untreated control, 
in relation to total species abundance and richness. Pretreatment data were collected in 1998 
and postreatment responses were measured from 2001 through 2006. Total herbaceous cov-
er and richness were significantly higher in the two more intensely thinned areas compared 
to the control over the entire post-treatment period. Native species were the most prevalent 
in terms of cover (92%) and richness (90%) across all treated units, though greater under-
story plant responses were linked to heavier amounts of tree thinning. Nonnative species 
abundance and richness also increased significantly in response to restoration treatments, 
particularly in the two more intense treatments. The proportion of nonnative abundance to 
the total abundance within the two heavily treated areas decreased through time and began 
to converge back towards the undisturbed control unit. One year following treatments, 15% 
of the total cover (27%) was composed of nonnative species in the heaviest treated unit. 
This proportion dropped almost 50% by the fifth year following treatment. Our results sug-
gest that disturbances associated with restoration treatments can facilitate establishment of 
nonnative plants, however the post-treatment plant community was increasingly dominated 
by native species.

GXULQJ�HFRV\VWHP�UHFRYHU\��6ZHWQDP�DQG�%HWDQFRXUW�������
:LHQN�DQG�RWKHUV��������:KLOH�D�SULPDU\�JRDO�RI�HFRORJLFDO�
restoration is to promote a self-sustaining indigenous plant 
community possessing all functional groups necessary to 
PDLQWDLQ� WKH�HFRV\VWHP��6(5��������GLVWXUEDQFHV�FDQ�VKLIW�
WKH� V\VWHP� LQWR� DQ� DOWHUQDWH� VWDEOH� VWDWH� �/D\FRFN� �������
3UROLIHUDWLRQ�RI�QRQQDWLYH��GLVWXUEDQFH�ORYLQJ�SODQW� VSHFLHV�
can alter the successional trajectory of an ecosystem, leading 
to undesired results from the restoration project (Allen and 
RWKHUV�������:HVWRE\�DQG�RWKHUV�������

+HUH��RXU�REMHFWLYHV�ZHUH�WR������HYDOXDWH�QRQQDWLYH�SODQW�
UHVSRQVHV� WR� GLIIHUHQW� LQWHQVLWLHV� RI� UHVWRUDWLRQ� WUHDWPHQWV��
DQG� ���� WUDFN� FKDQJHV� LQ� XQGHUVWRU\� YHJHWDWLRQ� FRYHU� DQG�
richness over time. We hypothesized that total plant cover 
and richness, including nonnative species, would increase 
with increasing treatment intensity. However, we also hy-
pothesized that nonnative species would eventually decline 
over time and contribute relatively little to the overall under-
story composition.
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Methods
Study Site

We implemented restoration treatments on a ~56-ha  
�����DFUH��VLWH�DGMDFHQW�WR�WKH�)RUW�9DOOH\�([SHULPHQWDO�)RUHVW��
on the Coconino National Forest, northwest of Flagstaff,  
$UL]RQD� �1�������¶��:��������¶���3ULRU� WR� WUHDWPHQW�� VWDQGV�
were close-canopied, even-aged “blackjack” Pinus ponderosa 
WKDW� DYHUDJHG����� WUHHV�KD� ������ WUHHV�DFUH��ZLWK�RFFDVLRQDO�
SDWFKHV�RI�SUHVHWWOHPHQW�³\HOORZSLQH�´�6WDQGV�ZHUH�SUHYLRXV-
ly thinned but remained close-canopied. For a detailed site 
GHVFULSWLRQ� UHIHUHQFH�.RUE� DQG� RWKHUV� ��������0HDQ� DQQXDO�
SUHFLSLWDWLRQ�LV����FP�����LQ���DOWKRXJK�SUHFLSLWDWLRQ�YDULHG�H[-
WUHPHO\�WKURXJKRXW�WKH�GXUDWLRQ�RI�WKH�VWXG\��)LJXUH����

Restoration Treatments

$OO�WUHDWPHQWV�IRFXVHG�RQ�UHVWRULQJ�VLWH�VSHFL¿F�RYHUVWRU\�
density and spatial arrangement consistent with presettlement 
IRUHVW�SDWWHUQV��&RYLQJWRQ�DQG�0RRUH�������)XOp�DQG�RWKHUV�
������0DVW�DQG�RWKHUV��������5HVWRUDWLRQ�WUHDWPHQWV�UHWDLQHG�
all living presettlement trees (described in: Covington and 
0RRUH� ������ :KLWH� ������� ,Q� DGGLWLRQ�� ZH� UHWDLQHG� SRVW-
settlement trees as replacements for remnant presettlement 
PDWHULDOV��H�J���VQDJV��ORJV��VWXPSV���7KH�WKUHH�WUHDWPHQWV�GLI-
fered in the numbers of postsettlement trees selected to replace 
GHDG�SUHVHWWOHPHQW�HYLGHQFH�DV�GHVFULEHG� LQ�)XOp�DQG�RWKHUV�
��������7UHHV�ZHUH�ZKROH�WUHH�KDUYHVWHG��FUHDWLQJ�ODUJH�VODVK�
SLOHV��6ODVK�SLOHV�ZHUH�WKHQ�EXUQHG�SULRU�WR�EURDGFDVW�EXUQLQJ��
Broadcast burning was conducted in spring 2000.

Treatments were randomly assigned to each unit and in-
FOXGHG�� �D�� ������ WUHH� UHSODFHPHQW� �KLJK�LQWHQVLW\��� �E�� ����
WUHH�UHSODFHPHQW��PHGLXP�LQWHQVLW\����F������WUHH�UHSODFHPHQW�
�ORZ�LQWHQVLW\���DQG��G��QR�WKLQQLQJ��QR�EXUQLQJ��&RQWURO��

Field Methods and Analysis

(DFK� WUHDWPHQW� ZDV� DSSOLHG� RQ� D� ���KD� ����DFUH�� XQLW��
We established twenty subplots in each of the four treatment 
XQLWV��8QGHUVWRU\�GDWD�ZHUH�FROOHFWHG�LQ�������SUH�WUHDWPHQW���
DQG�UH�PHDVXUHG�LQ�������������DQG�������$����P������IW��
SRLQW�OLQH�WUDQVHFW�ZDV�XVHG�WR�TXDQWLI\�SODQW�IROLDU�FRYHU�DQG�
a belt transect 500m2 �����IW2��ZDV�XVHG�WR�TXDQWLI\�VSHFLHV�
ULFKQHVV�RQ�HDFK�SORW��PRGL¿HG�IURP�86',�136�������

6WDWLVWLFDO�FRPSDULVRQV�EHWZHHQ�WKH�WUHDWPHQW�XQLWV�ZHUH�
carried out using 20 pseudoreplicated subplots in each treat-
ment, since only one instance of each experimental treatment 
was implemented to each experimental unit. Understory to-
tal cover and richness within treatment were analyzed with 
UHSHDWHG�PHDVXUHV�0$129$��7R�DFFRXQW�IRU�VLJQL¿FDQW�GLI-
ferences in pretreatment richness, 1998 data were included as 
part of the effects model and analyzed with repeated measures 
0$1&29$��7RWDO� FRYHU�ZDV� WUDQVIRUPHG� �VTXDUH�URRW�� LQ�
RUGHU�WR�PHHW�$129$�DVVXPSWLRQV��)ROORZLQJ�D�VLJQL¿FDQW�
treatment x time result, we compared treatment differences 
within year with Tukey’s post hoc tests. Treatment effects 
on nonnative cover and richness were analyzed using non-
SDUDPHWULF�.UXVNDO�:DOOLV� WHVWV�EHFDXVH�WKHVH�GDWD�VWURQJO\�
violated the assumption of normality. When results were 
VLJQL¿FDQW��0DQQ�:KLWQH\�WHVWV�ZHUH�XVHG�WR�PDNH�SDLUZLVH�
treatment comparisons. For all analyses, ƴ�  � ������:KHUH�
appropriate, alpha levels were adjusted using a Bonferonni 
FRUUHFWLRQ��.XHKO�������

Results

We detected no pretreatment differences for any param-
HWHU�H[FHSW�WRWDO�ULFKQHVV��)LJXUH�����7RWDO�FRYHU�DQG�ULFKQHVV�

Figure 1. Mean annual precipitation 
during the study (1998-2006) versus 
the long-term 53 year average. The 
arrow denotes prescribed burn year. 
Dark symbols indicate years in which 
vegetation was sampled. Weather 
data were obtained from the Fort 
Valley Experimental Forest weather 
records (USFS, Rocky Mountain 
Research Station 2006).
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DYHUDJHG�������DQG������VSHFLHV��UHVSHFWLYHO\�DFURVV�DOO�H[-
SHULPHQWDO�XQLWV��1RQQDWLYH�VSHFLHV�FRQWULEXWHG�����RI�WKH�
cover and richness prior to treatment.

After treatment, total plant cover and richness differed 
VLJQL¿FDQWO\� DPRQJ� WUHDWPHQWV�� WLPH� DQG� WUHDWPHQW� [� WLPH�
LQWHUDFWLRQ��)LJXUH�����3ODQW�FRYHU�DQG�VSHFLHV�ULFKQHVV�ZHUH�
greatest in the high- and medium-intensity units following 
every posttreatment year. There were no differences in plant 
cover between the control and low-intensity treatments, 
DOWKRXJK�VSHFLHV�ULFKQHVV�ZDV�VLJQL¿FDQWO\�JUHDWHU�LQ�WKH�ORZ�
LQWHQVLW\�XQLW�ZKHQ�FRPSDUHG�WR�WKH�FRQWURO�XQLW��*UDPLQRLGV�

GRPLQDWHG� WKH� SRVWWUHDWPHQW� XQGHUVWRU\� �7DEOH� ���� 7KRXJK�
the majority of increases in total cover and richness were due 
WR�QDWLYH�SODQWV��WKHUH�ZDV�D�VLJQL¿FDQW�LQFUHDVH�LQ�QRQQDWLYH�
species richness on all three treatments and nonnative cover 
in the high- and medium-intensity plots.

,Q������ �RQH�\HDU� IROORZLQJ�EXUQLQJ��� WKH�XQGHUVWRU\� LQ�
WKH� KLJK�� DQG�PHGLXP�LQWHQVLW\� WUHDWPHQWV� VKRZHG� VLJQL¿-
cant increases in nonnative species cover and richness when 
compared to the low-intensity treatment and untreated con-
WURO� XQLW� �)LJXUH� ���� 1RQQDWLYH� VSHFLHV� FRPSULVHG� RI� ����
DQG�����RI� WKH� WRWDO�XQGHUVWRU\�FRYHU���������DQG�VSHFLHV�

Figure 2. Average percent cover and species richness for total and nonnative species under experimental 
treatments in 1998, 2001, 2002, and 2006. Values indexed within each year by a different letter are 
significantly different at ƴ = 0.05. Bars represent ±1 standard error of the mean (n = 20).
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ULFKQHVV���������UHVSHFWLYHO\�DFURVV�WKH�WZR�KLJKHU�LQWHQVLW\�
treatments. In 2006, nonnative species cover continued to be 
VLJQL¿FDQWO\�JUHDWHU�LQ�WKH�KLJK��DQG�PHGLXP�LQWHQVLW\�WUHDW-
ments though decreased when compared to initial responses 
�)LJXUH� ���� 6SHFLHV� ULFKQHVV� FRQWLQXHG� WR� EH� VLJQL¿FDQWO\�

different between treatment and control units, but did not 
GLIIHU�DPRQJ� WKH� WUHDWPHQW� LQWHQVLWLHV� �)LJXUH�����7KH�PRVW�
common nonnative species across all treated units included: 
Verbascum thapsus, Linaria dalmatica, Cirsium vulgare 
�7DEOH����
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Discussion

3ODQW�FRYHU�DQG�VSHFLHV�ULFKQHVV�LQFUHDVHG�ZLWK�WKLQQLQJ�
and prescribed burning treatments with the greatest responses 
occurring in the areas most heavily thinned. Our results are 
consistent with several other overstory-understory studies in 
ponderosa pine forest that demonstrated increases in under-
story productivity through the reduction of overstory density 
(Moore and others 2006, Moore and Deiter 1992, Wienk 
DQG�RWKHUV��������5HVHDUFK�KDV�DOVR�VKRZQ� WKDW�XQGHUVWRU\�
SURGXFWLRQ�DQG�GLYHUVLW\� LQFUHDVH�IROORZLQJ�¿UH�� WKRXJK�LQ-
FUHDVHV� DUH� RIWHQ� VSHFLHV� VSHFL¿F� DQG� KLJKO\� GHSHQGHQW� RQ�
WKH�¿UH� VHYHULW\� �+DUULV�DQG�&RYLQJWRQ�������:D\PDQ�DQG�
RWKHUV�������

Disturbances have highly variable impacts on under-
story communities and often promote the establishment of 
QRQQDWLYH� VSHFLHV� �*ULI¿V� DQG� RWKHUV� ������ .HHOH\� �������
,Q� RXU� VWXG\�� WKH� SRVW�GLVWXUEDQFH� ÀRUD� ZDV� FRPSULVHG� RI�
PRVWO\�QDWLYH�VSHFLHV��DOWKRXJK�VLJQL¿FDQW�LQFUHDVHV�LQ�QRQ-
native species were found in the high- and medium-intensity 
treatments. While several of the nonnative species are of 
management concern, the total average cover of nonnative 
VSHFLHV�GLG�QRW�H[FHHG������LQ�DQ\�RI�WKH�WUHDWHG�XQLWV��2QO\�
Verbascum thapus�KDG�IROLDU�FRYHU�JUHDWHU� WKDQ�����LPPH-
GLDWHO\�IROORZLQJ�WUHDWPHQW��$IWHU�¿YH�\HDUV��KRZHYHU��FRYHU�
KDG�UHGXFHG�WR�OHVV�WKDQ������

Disturbance severity is often an important predictor 
in the spread of nonnative species (Crawford and others 
������+XQWHU�DQG�RWKHUV�������.HHOH\��������)RU�H[DPSOH��
Crawford and others 2001 found high values of nonnative 
VSHFLHV� HVWDEOLVKPHQW� IROORZLQJ� VHYHUH� ZLOG¿UHV�� ZKHUHDV�
/DXJKOLQ� DQG� RWKHUV� ������� IRXQG� IHZ� QRQQDWLYH� VSHFLHV�
IROORZLQJ�D�ORZ�LQWHQVLW\�ZLOG¿UH��,Q�WKH�SUHVHQW�VWXG\��SUH-
VFULEHG�¿UH�VHYHULWLHV�ZHUH�UHODWLYHO\�ORZ��WKRXJK�EXUQLQJ�RI�
VODVK�SLOHV�UHVXOWHG�LQ�KLJK�¿UH�VHYHULW\�RQ�D�ORFDO�VFDOH�WKDW�
may have promoted the establishment of nonnative species. 
Our results suggest that varying levels of thinning inten-
VLW\�PD\� LQÀXHQFH� WKH�HVWDEOLVKPHQW�RI�QRQQDWLYHV�VSHFLHV��
though thinning trees in general has the potential to promote 
the establishment of nonnative plants (Hunter and others 
������� 'LIIHUHQW� KDUYHVWLQJ� WHFKQLTXHV� PD\� DOVR� SURGXFH�
different levels of soil disturbance that can facilitate the es-
tablishment of nonnative species (Battles and others 2001, 
.RUE� DQG� RWKHUV� ������� 7KH� SUHVHQW� VWXG\� ZDV� ZKROH�WUHH�
harvested, which can produce high levels of soil disturbance 
�.RUE�DQG�RWKHUV��������WKHUHE\�IDFLOLWDWLQJ�WKH�LQLWLDO�HVWDE-
lishment of nonnative species.

Disturbance is inevitable in ecological restoration treat-
ments, thereby providing an opportunity for nonnative species 
WR�HVWDEOLVK��'¶$QWRQLR�DQG�0H\HUVRQ��������:KDW�LV�QRW�H[-
actly clear is whether this invasion is short-lived or whether 
such disturbances provide an opportunity for the long-term 
persistence of nonnative species. Our results suggest distur-
bances associated with restoration treatments can facilitate 

the establishment of nonnative plants. Encroachment by non-
native species does not mean that these species will dominate 
WKH� V\VWHP� �)LJXUH� ���� 7LPH� VLQFH� GLVWXUEDQFH� VKRXOG� EH�
considered an important factor when evaluating restoration 
targets within southwestern ponderosa pine forests. While 
our results are encouraging, more research is clearly needed 
as ecosystems are dynamic and further changes in community 
composition and structure are to be expected. The continued 
presence of aggressive nonnative species suggests continued 
monitoring of the site and potentially, further maintenance of 
the understory.
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Figure 3. Time-series photographs 
of a high-intensity plot prior to 
treatment (1998, top photo), 1 year 
after prescribed burn (2001, middle 
photo), and 5 years after prescribed 
burn (2006, bottom photo). The 
arrows highlight the same tree with a 
reference tag.
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The content of this paper reflects the views of the author(s), who are 
responsible for the facts and accuracy of the information presented 
herein.
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In: 2OEHUGLQJ��6XVDQ�'���DQG�0RRUH��0DUJDUHW�0���WHFK�FRRUGV��������)RUW�9DOOH\�([SHULPHQWDO�)RUHVW²$�&HQWXU\�RI�5HVHDUFK������������
3URFHHGLQJV�5056�3�����)RUW�&ROOLQV��&2��8�6��'HSDUWPHQW�RI�$JULFXOWXUH��)RUHVW�6HUYLFH��5RFN\�0RXQWDLQ�5HVHDUFK�6WDWLRQ������S�

Introduction

Nearly six thousand miles of land and sea separate Vienna, 
Austria, and Fort Valley, Arizona, yet the two locales jointly 
played a leading role in the development and implementation 
of an important concept in forest research and management. 
The idea of forest experiment stations—government-run fa-
FLOLWLHV�FKDUJHG�ZLWK�VFLHQWL¿FDOO\�LPSURYLQJ�WUHH�SODQWLQJ�DQG�
growing procedures—was spawned in Vienna just after the 
$PHULFDQ�&LYLO�:DU��,PSRUWHG�WR�WKH�8QLWHG�6WDWHV�WKURXJK�
WKH� LGHDV� RI� *HUPDQ�$PHULFDQ� IRUHVW� VFLHQWLVW� %HUQKDUG�
Fernow, experiment stations became the centerpiece of out-
VSRNHQ� IRUHVWHU�5DSKDHO�=RQ¶V� EROG� SODQ� WR� LQVWLWXWLRQDOL]H�
VFLHQWL¿F� LQYHVWLJDWLRQ� LQ� WKH�8�6�� )RUHVW� 6HUYLFH²D�TXHVW�
that achieved its unlikely fruition in the northern Arizona 
wilderness.

European Origins

,Q�������D�JURXS�RI�*HUPDQ�IRUHVWHUV�DQG�VRLO�VFLHQWLVWV�DW�
a Vienna convention, concerned with their country’s lack of 
DQ\�FRPSUHKHQVLYH�SODQ�RI�IRUHVW�UHVHDUFK��DSSRLQWHG�D�¿YH�
member committee of experts to explore the best methods for 
HQDFWLQJ�VXFK�DQ�RUJDQL]HG�V\VWHP��+HVNH��������7KH�UHVXOW�
was a network of government-operated forest experiment 
stations, associated with schools of forestry and staffed by 
SURIHVVRUV��7KH�¿UVW�WZR�VWDWLRQV�ZHUH�HVWDEOLVKHG�LQ������LQ�
%DGHQ�DQG�6D[RQ\��ZLWKLQ�WZR�\HDUV��VL[�PRUH�RXWSRVWV�ZHUH�
LQ� RSHUDWLRQ� WKURXJKRXW�*HUPDQ\�� DQG� D�8QLRQ�RI�*HUPDQ�

Roots of Research: Raphael Zon and the Origins of  
Forest Experiment Stations

Jeremy C. Young, +PFKCPC�7PKXGTUKV[��$NQQOKPIVQP��+0

Abstract—The 1908 founding of the first American forest experiment station in Fort Valley, 
Arizona was an event of considerable historical significance. The Fort Valley station was the 
linchpin of forester Raphael Zon’s bold plan to create the first program of organized research 
in U.S. Forest Service history. It also represented the beginning of a fruitful marriage between 
German and American methods of forestry. This project traces the history of government-
run experiment stations from its roots in Vienna, Austria, in the 1870s, through the work 
of German-American forester Bernhard Fernow and finally to Zon, Fernow’s student. The 
process through which Zon successfully promoted forest experiment stations within the U.S. 
Forest Service, culminating in the creation of the Fort Valley station, is also discussed.

)RUHVW� ([SHULPHQW� 6WDWLRQV� ZDV� VHW� XS� WR� VWDQGDUGL]H� DQG�
codify experiments conducted at the various locations. This 
*HUPDQ� 8QLRQ� FUHDWHG� VR� PXFK� XVHIXO� GDWD� WKDW� LQ� �����
an international forest research association was formed in 
(EHUVZDOGH��*HUPDQ\��DORQJ�VLPLODU�OLQHV��%RWK�RUJDQL]DWLRQV�
ZHUH�VWLOO�RSHUDWLQJ�LQ������DQG�PD\�KDYH�FRQWLQXHG�WR�GR�VR�
after World War II.

:KHQ�*HUPDQ�IRUHVWHU�%HUQKDUG�)HUQRZ�LPPLJUDWHG�WR�WKH�
8QLWHG�6WDWHV�LQ�������KH�EURXJKW�ZLWK�KLP�D�IHUYHQW�EHOLHI�LQ�
WKH�IRUHVWU\�SUDFWLFHV�RI�KLV�KRPHODQG��LQFOXGLQJ�WKH�HI¿FDF\�
RI�H[SHULPHQW�VWDWLRQV��0LOOHU�������5RGJHUV��������)HUQRZ¶V�
�����DSSRLQWPHQW� WR�KHDG� WKH�8�6��'LYLVLRQ�RI�)RUHVWU\�SXW�
him in a position to act on these views. Under Fernow, the 
Division created temporary planting stations in Minnesota and 
3HQQV\OYDQLD� DQG� ZRUNHG� FORVHO\� ZLWK� WKH� OHDGHUV� RI� VWDWH�
UXQ�H[SHULPHQW�VWDWLRQV�LQ�QLQH�VWDWHV��WKH�¿UVW�RI�ZKLFK�ZHUH�
FKDUWHUHG� LQ�&DOLIRUQLD� LQ� ����� DW� WKH� XUJLQJ� RI� VWDWH� IRUHVW�
FRPPLVVLRQHU�$EERW�.LQQH\��5RGJHUV��������7KHVH�VWDWH�UXQ�
experiment stations were productive, but their scope was lim-
ited by their inability to study phenomena across state lines. To 
rectify this problem, Fernow began initiating federally funded 
research projects, most notably the “Bruner plantation” in Holt 
&RXQW\��1HEUDVND��6XJJHVWHG�WR�)HUQRZ�LQ������E\�8QLYHUVLW\�
of Nebraska forestry professor Charles Edwin Bessey, whose 
VWXGHQWV�ZRXOG� ODWHU� LQFOXGH�)RUW�9DOOH\�([SHULPHQW�6WDWLRQ�
GLUHFWRU�*��$��3HDUVRQ��WKH�³%UXQHU�SODQWDWLRQ´�ZDV�HVVHQWLDOO\�
a prototype federal experiment station, with a multi-year pro-
gram of tree planting organized and managed by Division of 
Forestry directive. The “Bruner plantation” differed from the 
*HUPDQ�DQG�ODWHU�$PHULFDQ�IRUHVW�H[SHULPHQW�VWDWLRQV��KRZ-
ever, in the fact that ownership of the facility was retained 
and day-to-day labor performed by Hudson Bruner, a private 
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FLWL]HQ�� LQVWHDG� RI� E\� WKH� JRYHUQPHQW�� 6LPLODU� FROODERUDWLYH�
efforts would continue in later years, but they would largely 
be eclipsed in importance by the federal system of experiment 
stations.

Before he was able to make any further progress in encour-
DJLQJ�VFLHQWL¿F�UHVHDUFK��)HUQRZ�OHIW�WKH�'LYLVLRQ�RI�)RUHVWU\�
in 1898 to direct the new degree-granting forestry school at 
Cornell University. The forestry curriculum he established 
ZDV�EDVHG�RQ� ³WKH�PRVW� DGYDQFHG�*HUPDQ� LGHDV� LQ� IRUHVWU\�
HGXFDWLRQ´��0LOOHU��������)HUQRZ�DQG�KLV�IHOORZ�*HUPDQ�ERUQ�
IRUHVWU\�LQVWUXFWRU��)LOLEHUW�5RWK��³HPSKDVL]HG�HFRQRPLFV�DQG�
WKH� ORQJ�WHUP� SUR¿WDELOLW\� RI� IRUHVWU\� RYHU� VLOYLFXOWXUH�´� EXW�
WKH\� DOVR� WDXJKW� WKHLU� VWXGHQWV� WKDW�PRUH� VFLHQWL¿F� GDWD�ZDV�
QHHGHG�LQ�RUGHU�WR�DFKLHYH�WKHVH�JRDOV��/HZLV��������2QH�RI�
WKHLU� ¿UVW� VWXGHQWV� DW�&RUQHOO�ZDV�5DSKDHO�=RQ��ZKR�ZRXOG�
VRRQ�EHFRPH�WKH�PRVW�YRFDO�DGYRFDWH�RI�VFLHQWL¿F�IRUHVWU\�LQ�
$PHULFD��$�FDQWDQNHURXV�5XVVLDQ�LPPLJUDQW�ZKR�KDG�FRPH�WR�
WKH�8QLWHG�6WDWHV�WR�DYRLG�D�WHQ�\HDU�SULVRQ�VHQWHQFH�IRU�ODERU�
RUJDQL]LQJ��=RQ�TXLFNO\�JUDYLWDWHG�WRZDUG�IRUHVWU\�DV�DQ�RXW-
OHW�IRU�KLV�SURGLJLRXV�FUHDWLYH�WDOHQWV��0LOOHU�������6FKPDOW]�
�������DQG�DW�&RUQHOO�KH�GHYRXUHG�DQG�WKHQ�PDVWHUHG�WKH�FXU-
ULFXOXP�ZLWK�D�ZLOO��/HZLV�������

Zon’s Crusade

After securing employment in 1901 under new Forester 
*LIIRUG� 3LQFKRW�� =RQ� EHFDPH� FRQYLQFHG� WKDW� WKH� *HUPDQ�
methods of forest science advocated by Fernow were being 
LPSURSHUO\� XWLOL]HG� E\� WKH�%XUHDX� RI� )RUHVWU\��=RQ¶V� EOXQW�
and argumentative manner—even his friends admitted that 
“his ability to criticize searchingly” was “sometimes a bit 
overwhelming”—led him to act forcefully on this concern 
�5LFKDUGV� ������� ,Q� D� ����� PHPRUDQGXP� WR� 3LQFKRW� KH�
painted a dire picture of the state of forest research. “The 
need for silvical data upon which one can rely in making his 
practical recommendations,” he wrote with characteristic 
]HDO�� ³LV� IHOW� E\� HYHU\� PHPEHU� RI� WKH� %XUHDX�� «´� 7KH�
VROXWLRQ��=RQ�EHOLHYHG��ZDV�D�6HFWLRQ�RI�6LOYLFV�ZLWK�ZLGH�
administrative independence that would serve as “the source 
RI� LQIRUPDWLRQ� IRU� DOO� ¿HOG�PHQ� UHJDUGLQJ� WKH� VLOYLFDO� GDWD�
on hand.” A silviculture department was in fact created in 
������ZLWK�=RQ�SODFHG�LQ�FKDUJH�WKH�IROORZLQJ�\HDU��EXW�WKH�
restless forester was already thinking along new lines. It 
was not enough simply to organize whatever data the Forest 
6HUYLFH� �DV� WKH� %XUHDX� ZDV� UHQDPHG� LQ� ������ KDSSHQHG�
WR� SURGXFH�� ZURWH� =RQ� DQG� 7UHDGZHOO� &OHYHODQG�� -U��� LQ�
D� ����� PHPRUDQGXP�� WKH� ³GHVXOWRU\� VFLHQWL¿F� HIIRUWV� RI�
WKH� )RUHVW� 6HUYLFH´�ZHUH� XQOLNHO\� WR� SURGXFH�PXFK� XVHIXO�
research anyway. Nor were state-run or locally-administered 
experiment stations, such as the Bruner plantation or 
.LQQH\¶V�SURMHFWV�LQ�&DOLIRUQLD��DGHTXDWH�IRU�VROYLQJ�IRUHVWU\�
SUREOHPV� RI� D� QDWLRQDO� VFRSH�� WKRXJK� =RQ� ODWHU�ZURWH� WKDW�
³WKHUH�VKRXOG�DOZD\V«EH�WKH�FORVHVW�SRVVLEOH�FRRSHUDWLRQ´� 
EHWZHHQ� WKH� )RUHVW� 6HUYLFH� DQG� WKHVH� JURXSV� �=RQ� �������
Instead, he urged, the money being spent on haphazard studies 

Figure 1. Raphael Zon, seen here in 1926, was the most 
important advocate of scientific forestry in the early Forest 
Service. Photograph courtesy of the Forest History Society, 
Durham, NC.

should be “diverted into one channel and spent for carrying 
on a series of systematic, well-thought-out investigations 
XQGHU�RQH�KHDG´��=RQ�DQG�&OHYHODQG�������

=RQ¶V�NQRZOHGJH�RI�*HUPDQ�IRUHVWU\�VXJJHVWHG�D�SURYHQ�
method for conducting this research: forest experiment sta-
WLRQV��7KRXJK�KH�ZRXOG�QRW� REVHUYH� D�*HUPDQ� H[SHULPHQW�
VWDWLRQ�XQWLO�WKH�HQG�RI�������5RGJHUV��������=RQ�VDZ�DW�RQFH�
how to modify the European system for American use. While 
WKH�*HUPDQV��ZRUNLQJ�ZLWKLQ�D�VPDOOHU�ODQG�DUHD��KDG�SODFHG�
VWDWLRQV�LQ�QHDUO\�HYHU\�VWDWH��WKH�)RUHVW�6HUYLFH�QHHG�EXLOG�
only one for each administrative region, selecting a “typical 
reserve where the desired experiments may be carried on, and 
WKH�UHVXOWV�DSSOLHG�WR�WKH�ZKROH�UHJLRQ´��=RQ�DQG�&OHYHODQG�
�������$QG�ZKHUH�*HUPDQ�VWDWLRQV�ZHUH�VWDIIHG�E\�IRUHVWU\�
professors, a troublesome proposition in the largely remote 
$PHULFDQ� IRUHVW� UHVHUYHV�� WKH�8QLWHG�6WDWHV�FRXOG�PDNH�GR�
ZLWK�³WKH�EHVW�P>H@Q�WKH�)RUHVW�6HUYLFH�FDQ�DIIRUG�WR�JHW�ZLWK-
LQ�LWV�UDQNV��«´

=RQ¶V�UHDVRQLQJ�ZDV�FRQYLQFLQJ�WR�*LIIRUG�3LQFKRW��ZKR�
VFUDZOHG�KLV�DVVHQW�RQ�KLV�FRS\�RI�WKH�=RQ�&OHYHODQG�PHPR-
UDQGXP��³,�KDYH�UHDG�WKLV�ZLWK�JUHDW�LQWHUHVW�±�3OV�OHW�PH�VHH�
WKH�GHWDLOHG�SODQ�´�,Q�0D\�������=RQ�SURGXFHG�WKLV�SURSRVDO��
WLWOHG�³3ODQ�IRU�)RUHVW�([SHULPHQW�6WDWLRQV�´�³7KH�SXUSRVH�RI�
VXFK�VWDWLRQV�´�ZURWH�=RQ��³LV�WR�FDUU\�RQ«�H[SHULPHQWV�DQG�
studies leading to a full and exact knowledge of American 
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silviculture, to the most economic utilization of the prod-
ucts of the forest, and to a fuller appreciation of the indirect 
EHQH¿WV� RI� WKH� IRUHVW�´� 7KHVH� VWDWLRQV�� OLNH� WKHLU� *HUPDQ�
counterparts, would be essentially permanent, allowing “for 
H[SHULPHQWV�UHTXLULQJ�D�QXPEHU�RI�\HDUV��DQG�IRU�WKH�PDLQ-
tenance of model forests typical of the silvicultural region.” 
=RQ�DOVR�HQYLVLRQHG�D�EURDG�SXEOLF�UROH�IRU� WKH�H[SHULPHQW�
stations, which would “furnish the most valuable, instructive 
and convincing object lessons for the public in general” as 
ZHOO�DV�PXFK�QHHGHG� WHFKQLFDO�GDWD��3LQFKRW�ZDV�GHOLJKWHG�
with the document: “I am for this, with some changes,” he 
wrote on the plan’s cover. In fact, he authorized the experi-
PHQW�VWDWLRQV�VR�TXLFNO\� WKDW�=RQ�ZDV�DEOH� WR�HVWDEOLVK� WKH�
¿UVW�RQO\�WKUHH�PRQWKV�ODWHU�

The Prototype: Fort Valley

=RQ� DQG� 3LQFKRW� GHFLGHG� WR� ORFDWH� WKH� LQDXJXUDO� )RUHVW�
6HUYLFH�H[SHULPHQW�VWDWLRQ�LQ�WKH�6RXWKZHVW��=RQ¶V�DVVLVWDQW��
6DPXHO� 7UDVN� 'DQD�� FDQYDVVHG� WKH� $UL]RQD�1HZ� 0H[LFR�
area in early 1908 to look for a suitable location (Olberding 
�������%\�0D\�RI� WKDW� \HDU��=RQ�KDG� QDUURZHG� WKH� FKRLFH�
to either the Coconino National Forest near Flagstaff or the 

%ODFN�0HVD�)RUHVW�LQ�HDVWHUQ�$UL]RQD��ZLWK�WKH�¿QDO�GHFLVLRQ�
WR� EH�PDGH� ³PRUH� RQ� WKH� TXHVWLRQ� RI� DFFHVVLELOLW\� WKDQ� RQ�
DQ\�RWKHU�SRLQW´��=RQ��������$W�WKH�WLPH��)ODJVWDII�ZDV�HDV-
LO\�WKH�PRUH�DFFHVVLEOH�RI�WKH�WZR�DUHDV��WKH�EXVWOLQJ�OXPEHU�
town was located on a major railroad and was home to what 
IRUHVWHU�$��%��5HFNQDJHO� UHFDOOHG�ZDV� ³D�ZRQGHUIXO� JURXS�
RI� EDFKHORU� >IRUHVWHU@V«´� �0DXQGHU� ������� 7KH� )ODJVWDII�
DUHD�ZDV�DOVR�UHFRPPHQGHG�WR�=RQ�DQG�3LQFKRW�E\�)ODJVWDII�
OXPEHUPHQ�7LPRWK\� DQG�0LFKDHO�5LRUGDQ� RU� E\�&RFRQLQR�
1DWLRQDO�)RUHVW�6XSHUYLVRU�)UDQN�&��3RROHU��2OEHUGLQJ�������
5LRUGDQ�������5RGJHUV�������

7KH� &RFRQLQR� ([SHULPHQW� 6WDWLRQ²UHQDPHG� LQ� �����
WKH�)RUW�9DOOH\�([SHULPHQW�6WDWLRQ�DIWHU�WKH�YDOOH\�RXWVLGH�
)ODJVWDII�LQ�ZKLFK�LW�ZDV�ORFDWHG²ZDV�WKH�¿UVW�RI�PDQ\��%\�
������ZKHQ�D�VHSDUDWH�%UDQFK�RI�5HVHDUFK�ZDV�FUHDWHG� LQ�
WKH� )RUHVW� 6HUYLFH��=RQ¶V� H[SHULPHQW� VWDWLRQ� QHWZRUN� KDG�
blossomed to include seven locations, and more were added 
LQ�HQVXLQJ�\HDUV��<HW�=RQ�FOHDUO\�YLHZHG�)RUW�9DOOH\�DV�WKH�
OLQFKSLQ� RI� KLV� SURJUDP� RI� VFLHQWL¿F� IRUHVW� LQYHVWLJDWLRQ��
He selected the exact location of the site himself in August 
1908, announcing to two of his fellow foresters that he was 
³SODQW>LQJ@� WKH� WUHH� RI� UHVHDUFK´� �3HDUVRQ� ������� ODWHU�� KH�

Figure 2. German experimental plots, like this one at Colditz, 
were the inspiration for Zon’s program of American forest 
experiment stations. This photo, taken in 1935, shows 
an American delegation of foresters that includes Aldo 
Leopold (center, with binoculars). Photograph courtesy of 
the Forest History Society, Durham, NC. Figure 3. Bernhard Fernow, the first professional forester 

employed by the U.S. Government, was a mentor and 
teacher for Zon during his years at the Cornell School of 
Forestry. Photograph courtesy of the Forest History Society, 
Durham, NC.
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helped “shingle the roof and build the road in from the main 
URXWH�WR�WKH�VWDWLRQ´��6FKPDOW]��������,Q�DGGLWLRQ��DFFRUGLQJ�
WR� D������)RUHVW�6HUYLFH� LQVSHFWLRQ� FKDUW��=RQ�SHUVRQDOO\�
performed annual inspections of the Fort Valley station in 
seven of the following eight years, more often than at any 
RWKHU� VWDWLRQ�� LQ� ������ KH� VSHQW� WZR� HQWLUH� ZHHNV� DW� )RUW�
Valley, the longest amount of time he had spent at any of 
the stations.

Experiment Stations Today

³2XU�JRDO�´�ZURWH�=RQ�LQ�������³LV�WR�GHYHORS�RXU�NQRZO-
edge of American silviculture so as to enable us to safeguard 
and perpetuate our forests for all the needs of our country.” 
)RU�=RQ��DV�IRU�WKH�IRUHVWHUV�LQ�9LHQQD�IRUW\�\HDUV�HDUOLHU��IRU-
HVW�H[SHULPHQW�VWDWLRQV�ZHUH�QRW�VLPSO\�D�UHVHDUFK�WRRO��WKH\�
ZHUH�D�V\PERO�RI�WKH�LPSRUWDQFH�RI�VFLHQWL¿F�LQTXLU\�LQ�IRUHVW�

Figure 4. A view of the Fort Valley 
Experimental Forest headquarters. 
USFS photo 449254 by G. A. Pearson 
in 1916.

Figure 5. Gustav Adolph “Gus” Pearson was the 
founding director of the Fort Valley Experiment 
Station and served there from 1908 until his 
retirement in 1944. USFS photo 223964 taken 
in 1927.

administration. The same principle animates much of Forest 
6HUYLFH� ZRUN� WRGD\�� :KHQ� H[SHUWV� DW� WKH� )RUHVW� 6HUYLFH¶V�
5RFN\�0RXQWDLQ�5HVHDUFK�6WDWLRQ�LQ�)ODJVWDII�LQYHVWLJDWH�KRZ�
best to clear, thin, and care for the national forests, for instance, 
WKH\�LQYRNH�WKH�VDPH�VSLULW�RI�VFLHQWL¿F�PDQDJHPHQW�FKDPSL-
RQHG�E\�=RQ�D�KXQGUHG�\HDUV�LQ�WKH�SDVW��7KURXJK�WKH�ZRUN�RI�
these professionals and many others, the “tree of research” that 
=RQ�SODQWHG�D�FHQWXU\�DJR�KDV�EORRPHG��DQG�)ODJVWDII�DQG�)RUW�
Valley continue to play a central role in protecting our forests 
for future generations.
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The content of this paper reflects the views of the author(s), who are 
responsible for the facts and accuracy of the information presented 
herein.
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Fort Valley Experimental 
Forest Research Projects:  

1909-1926

&RPSLOHG� E\� 6XVDQ� '�� 2OEHUGLQJ� IURP� PDWHULDO� LQ� WKH�
¿OHV�RI�WKH�86)6�)RUW�9DOOH\�([SHULPHQWDO�)RUHVW�DUFKLYHV��
5056��)ODJVWDII��$=

1909: 

Source: ³)RUW�9DOOH\�([SHULPHQW�6WDWLRQ�/LVW�RI�
Experiments” 1 December 1909.

;����%UXVK�VFDWWHULQJ�H[SHULPHQW��*UHHQODZ�DUHD��
6����7��1��5�(�DQG�6��7��1��5�(������DFUHV��
begun Fall 1908.

;����6HHGLQJ�H[SHULPHQW��*UHHQODZ�DUHD��6����7��1��
5�(�����DFUHV��EHJXQ�)DOO������

;����%UXVK�VFDWWHULQJ�H[SHULPHQW��)RUW�9DOOH\��6����
7��1��5�(�����URGV�ZHVW�RI�UDQJHU�VWDEOH����¶�[�
��¶��%HJXQ�)DOO��������1RWH��5DQJHU�VWDEOH�ZDV�
MXVW�QRUWK�RI�ROG�(QWRPRORJ\�ODE�

;����6HHGLQJ�H[SHULPHQW��)RUW�9DOOH\��6����7��1��
5�(��#����DFUHV��)DOO�����±6XPPHU������

;����3ODQWLQJ�H[SHULPHQW��)RUW�9DOOH\��6����7��1��
5�(����DFUHV��6SULQJ�����±6XPPHU�����

;����3ODQWLQJ�H[SHULPHQW��*UHHQODZ�DUHD��6����7��1��
5�(����DFUHV��6SULQJ�����±6XPPHU������

;����3ODQWLQJ�H[SHULPHQW��5LRUGDQ�DUHD��VRXWK�RI�
)ODJVWDII��6����7��1��5�(����DFUHV��6SULQJ�
����±6XPPHU������

;����6HHGLQJ�H[SHULPHQW��5LRUGDQ�DUHD��VRXWK�RI�
)ODJVWDII��6����7��1��5�(��DGMRLQLQJ�DERYH��
6XPPHU�����±6XPPHU������

;����3ODQWLQJ�H[SHULPHQW��)RUW�9DOOH\�0HWHRURORJLFDO�
6WDWLRQ�������SODQWV�����������SODQWV��6SULQJ�
1910.

;�����3ODQWLQJ�H[SHULPHQW��)RUW�9DOOH\�
0HWHRURORJLFDO�6WDWLRQ�������SODQWV����������
SODQWV�6SULQJ������

1910: 

Source��&RFRQLQR�([SHULPHQW�6WDWLRQ�/LVW�RI�([SHULPHQWV���
6HSWHPEHU������DQG�UHSRUW�GDWHG���2FWREHU������

;����%UXVK�6FDWWHULQJ�([SHULPHQW��*UHHQODZ�DUHD��
6����7��1��5�(�DQG�6���7��1��5�(������DFUHV��
Begun Fall 1908.

;����6HHGLQJ�([SHULPHQW��*UHHQODZ�DUHD��6����7��1��
5�(�����DFUHV��EHJXQ�)DOO������

;����%UXVK�6FDWWHULQJ�([SHULPHQW��)RUW�9DOOH\��6����
7��1��5�(�����URGV�ZHVW�RI�UDQJHU�VWDEOH����¶�[�
14’. Begun Fall 1908.

;����6HHGLQJ�([SHULPHQW��)RUW�9DOOH\��6����7��1��
5�(��#����DFUHV��)DOO�����±6XPPHU������

;����3ODQWLQJ�([SHULPHQW��)RUW�9DOOH\��6����7��1��
5�(����DFUHV��6SULQJ�����±6XPPHU�����

;����3ODQWLQJ�([SHULPHQW��*UHHQODZ�DUHD��6����7��1��
5�(����DFUHV��6SULQJ�����±6XPPHU�������

;����3ODQWLQJ�([SHULPHQW��5LRUGDQ�DUHD��VRXWK�RI�
)ODJVWDII��6����7��1��5�(����DFUHV��6SULQJ�
����±6XPPHU������

;����6HHGLQJ�([SHULPHQW��5LRUGDQ��6����7��1��5�(��
DGMRLQLQJ�DERYH��6XPPHU�����±6XPPHU������

;����3ODQWLQJ�([SHULPHQW��)RUW�9DOOH\�0HWHRURORJLFDO�
6WDWLRQ�������SODQWV�����������SODQWV��6SULQJ�
1910.

3ODQWLQJ�([S��)RUW�9DOOH\�0HWHRURORJLFDO�6WDWLRQ�������
SODQWV�����������SODQWV��6SULQJ������

;�����3ODQWLQJ�([SHULPHQW��)RUW�9DOOH\�
0HWHRURORJLFDO�6WDWLRQ���

;�����6WXG\�RI�OLJKW�UHTXLUHPHQWV�RI�\HOORZ�SLQH�
VHHGOLQJV��*UHHQODZ�DUHD��6���7��1��5�(��
Begun 1909.

;�����6WXG\�RI�OLJKW�UHTXLUHPHQWV�RI�\HOORZ�SLQH�
VHHGOLQJV��*RVQH\¶V�3DVWXUH�6����7��1��5�(��
���������GLIIHUHQW�([SHULPHQWV�RQ�VDPH�ODQG��

;�����6WXG\�RI�OLJKW�UHTXLUHPHQWV�RI�\HOORZ�SLQH�
VHHGOLQJV��*RVQH\¶V�3DVWXUH�6����7��1��5�(��
���������GLIIHUHQW�([SHULPHQWV�RQ�VDPH�ODQG��

;�����3URFHVV�RI�QDWXUDO�UHSURGXFWLRQ��6DPSOH�3ORW��
*UHHQODZ�DUHD��*RVQH\¶V�SDVWXUH��6����7��1��
5�(�������

;�����6DPH�DV�DERYH��RQ�6����7��1��5�(��������
;�����*UDVV�6HHGOLQJ�([SHULPHQW���)RUW�9DOOH\��6����

7��1��5�(��3DUN����DFUHV�VRZQ�6XPPHU���������
acres sown, Fall 1909.

X-16B: 40 rods west, plowed ground, 6 acres sown. 
6XPPHU������

;�����*UDVV�6HHGLQJ�([SHULPHQW��)RUW�9DOOH\��6����
7��1��5�(��)RUHVW����DFUHV�VRZQ�6XPPHU�������
��DFUHV�VRZQ�)DOO�������

;�����6WXG\�RI�WKH�LQÀXHQFH�RI�WKH�IRUHVW�XSRQ�
meteorological conditions, Fort Valley 
KHDGTXDUWHUV��

;�����3HUPDQHQW�6DPSOH�3ORWV²FXW�RYHU�DUHDV��
&RFRQLQR�1DWLRQDO�)RUHVW��6���6����7��1��5�(��
����DFUHV��6���6����7��1��5�(������DFUHV��6���
6����7��1��5�(������DFUHV�

;�����6HHGLQJ�([SHULPHQW²-HIIUH\�SLQH��*UHHQODZ�
DUHD��6����7��1��5�(��)DOO�����±6XPPHU������

;�����*HUPLQDWLRQ�WHVWV�RI�VHHGV�IURP�:<3�RI�
different conditions of age and health. 22 trees, 
1908, 100 trees, 1909.

;�����1XUVHU\�H[SHULPHQW��)RUW�9DOOH\��3DUN�DQG�
)RUHVW��:<3���&DPSEHOO¶V�&DPS��'RXJODV�¿U���
6ORSH�HDVW�VLGH�RI�VDGGOH��(QJHOPDQQ�6SUXFH��

;�����3ODQWLQJ�H[SHULPHQW��&DPSEHOO¶V�&DPS��
'RXJODV�¿U��6���7��1��5�(�
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;�����6RZLQJ�H[SHULPHQW��&DPSEHOO¶V�&DPS��'RXJODV�
¿U��6���7��1��5�(�

;�����6RZLQJ�H[SHULPHQW��HDVW�VLGH�RI�6DOOH��VDGGOH"���
6)�3HDNV�(QJOHPDQQ�6SUXFH�

X-26: Determination of relative amount of damage to 
reproduction by grazing during different seasons 
of the year. 

;�����2FFXUUHQFH�RI�GRXEOH�DQQXDO�ULQJV��
X-28: Durability of different species for fence posts.
X-29: Management of composite type on Apache 

National Forest.
;�����6WXG\�RI�LQÀXHQFHV�RI�PLVWOHWRH�XSRQ�JURZWK�RI�

:<3�

Source��7KH������&RFRQLQR�1DWLRQDO�)RUHVW�$QQXDO�5HSRUW��
��������������OLVWV�WKH�IROORZLQJ�LQYHVWLJDWLRQV�DV�
completed or in progress:

Completed: 

���5HSURGXFWLRQ�RI�:<3��)DLOXUH�WR�UHJHQHUDWH�LV�GXH�
to adverse climatic conditions, but fairly good 
reproduction can be obtained by conservative 
FXWWLQJ��¿UH�H[FOXVLRQ��DQG�UHJXODWLRQ�RI�JUD]LQJ�

���0HWHRURORJLFDO�6WXGLHV��)RUHVW�KDV�D�GHFLGHG�
PRGHUDWLQJ�LQÀXHQFH�XSRQ�WHPSHUDWXUH�
extremes, wind movement, and evaporation as 
compared to non-forest.

���6HHG�7HVWV��&RPSDULVRQ�RI�GLIIHUHQW�DJHV�DQG�
FRQGLWLRQV�RI�:<3�ZLWK�UHVSHFW�WR�JHUPLQDWLYH�
TXDOLW\�RI�VHHG�

4. Injury to reproduction by grazing. Less damage 
during summer when green feed is abundant that 
LQ�VSULQJ�DQG�IDOO��/HVV�GDPDJH�ZKHQ�DGHTXDWH�
water.

5. Management of mixed stands on the Apache NF. 
0DQDJHPHQW�SODQ�IRU�WKH�PL[HG�VWDQGV�RI�:<3��
'RXJODV�¿U��DQG�EOXH�VSUXFH�

In progress:

���3ODQWLQJ��:<3��OLPLWHG�VFDOH�EHFDXVH�RI�ODFN�RI�
hardy, acclimated stock.

���6RZLQJ��%URDGFDVW�VRZLQJ�RI�DOO�VSHFLHV�D�WRWDO�
failure due to rodents, birds, damping off, 
drought, frost.

���1XUVHU\��3ODQ�LV�WR�JURZ�RQO\�HQRXJK�WR�VXSSO\�WKH�
QHHGV�IRU�([SHULPHQWDO�SODQWLQJ��*RDO�LV�¿EURXV�
root systems.

���3HUPDQHQW�6DPSOH�3ORWV��)RXU�RQ�D�WRWDO�RI������
acres established in 1909, 1910 on Coconino. 
Object is to ascertain rate of growth, loss from 
windfall and lightning, effect of different 
degrees of cutting, brush disposal, grazing, 
and other factors upon reproduction. Will be 
remeasured every 5-10 years

���(IIHFW�RI�0LVWOHWRHV��6HYHUDO�KXQGUHG�WUHHV��DIIHFWHG�
and unaffected, measured and photographed. 
Future exams to show effect of mistletoe upon 
rate of growth and tree development.

���'XUDELOLW\�RI�GLIIHUHQW�WUHHV�IRU�IHQFH�SRVWV��������
posts from eight local species set in ground as 
fence under uniform conditions. Each post is 
numbered, described, and its position in the 
fence indicated. Both green and seasoned posts 
IURP�:<3��SLQRQ��OLPEHU�SLQH��'RXJODV�¿U��
DVSHQ��*DPEHO�RDN��DOOLJDWRU�MXQLSHU��DQG�RQH�
seed juniper.

���5DQJH�,PSURYHPHQW��%HVW�JUDVVHV�DUH�EHLQJ�
supplanted by inferior ones because former is 
FURSSHG�WRR�FORVHO\�DQG�FDQ¶W�VHHG��6XJJHVWV�
grazing only in the fall, to allow good forage 
plants to go to seed. Little success in cultivating 
forage plants.

���0HWHRURORJLFDO�6WXGLHV��,QVWUXPHQWDO�UHFRUGV�DUH�
being obtained, with a view of ascertaining the 
climatic factors which determine the main types 
of forest growth in this region.

1911: 

2QO\�LQIRUPDWLRQ�DYDLODEOH�LV�³3ODQWLQJ��VHHGLQJ�DQG�
nursery experiments.” Lists what was planted 
when and where.

1912: 

Source: 3DUWLDO�UHSRUW�SUHSDUHG�IRU�'LVWULFW���,QYHVWLJDWLRQ�
&RPPLWWHH��3URMHFWV�OLVWHG�E\�WLWOH�

A1: Methods of combating seed destroying animals. 
B1: Brush disposal.
&�����6WXGLHV�RQ�FXW�RYHU�DUHDV�
D1: Effect of Mistletoe on the growth and seed 

SURGXFWLRQ�RI�:<3�
'���5DWH�RI�GHFDGHQFH�RI�PDWXUH�:<3�
'���5RRW�PRXOG�LQ�WUDQVSODQWV�
*��'DPDJH�WR�UHSURGXFWLRQ�E\�JUD]LQJ�RQ�&RFRQLQR�

and Tusayan, begun 1910. (cooperation with 
JUD]LQJ�UHFRQQDLVVDQFH��

*���5HFRYHU\�RI�:<3�LQMXUHG�E\�JUD]LQJ�
,���,QVHFW�DWWDFNV�RQ�FXSSHG�:<3�
0���*URZWK�LQ�:<3�VWDQGV�EHIRUH�DQG�DIWHU�FXWWLQJ�
M2: The relative accuracy of calipers and steel tape 

in measuring the diameter of trees for growth 
records, begun 1911, completed. 

0���2FFXUUHQFH�RI�GRXEOH�DQQXDO�ULQJV�RI�JURZWK��
begun 1910, completed, but missing. 

0HW�����$�PHWHRURORJLFDO�VWXG\�RI�SDUNV�DQG�WLPEHUHG�
areas in the yellow pine forests of the southwest.

1���([SHULPHQW�LQ�URRW�GHYHORSPHQW�RI�:<3�
1���*HQHUDO�QXUVHU\�ZRUN�
N4: Field nurseries.



USDA Forest Service RMRS-P-55.  2008. 265

1���(IIHFW�RI�VSDFLQJ�XSRQ�GHYHORSPHQW�RI�:<3�
transplants, begun 1911. 

3���3ODQWLQJ�'RXJODV�)LU�XQGHU�DVSHQ�
3���6SULQJ�SODQWLQJ�:<3�
3���7RS�SUXQLQJ�VXPPHU�SODQWHG�:<3��EHJXQ�������
3���(IIHFW�RI�DQ�DVSHQ�QXUVH�LQ�'RXJODV�)LU�SODQWLQJ��
3����3RW�3ODQWLQJ�
3����%DOO�SODQWLQJ��EHJXQ�������GLVFRQWLQXHG��
3����3ODQWLQJ�H[RWLF�VSHFLHV�IRU�RUQDPHQWDO�SXUSRVHV��
3����3ODQWLQJ�LQ�SDUNV��
3����&RPSDULVRQ�RI�GLIIHUHQW�FODVVHV�RI�VWRFN�LQ�:<3�

planting. 
3����&RPSDULVRQ�RI�ZLGH�DQG�QDUURZ�KROHV�DQG�

SUHSDUHG�VSRWV�LQ�:<3�SODQWLQJ��
3����3ODQWLQJ�VLWHV�IRU�:<3��
3����3ODQWLQJ�PHWKRGV�IRU�:<3��
3����3ODQWLQJ�PHWKRGV�IRU�'RXJODV�)LU��
3����&RPSDULVRQ�RI�GLIIHUHQW�FODVVHV�RI�VWRFN�LQ�

Douglas Fir planting.
3����:LGWK�RI�SODQWLQJ�KROHV�IRU�'RXJODV�)LU��
3����(DUO\�DQG�ODWH�VSULQJ�SODQWLQJ�RI�'RXJODV�)LU��
5���7KH�ORVV�RI�VHHGOLQJV�LQ�WKH�IRUHVW�GXULQJ�WKH�HDUO\�

stages of development, begun 1908. 
6���,QÀXHQFH�RI�VRXUFH�RI�VHHG�XSRQ�WKH�FKDUDFWHU�RI�

:<3�VHHGOLQJV��EHJXQ�������
6���:<3�EUHHGLQJ��EHJXQ�������6H���%URDGFDVW�

VRZLQJ�:<3��EHJXQ�������
6H���6HHGVSRWWLQJ�SLQRQ�SLQH��EHJXQ�������
6H����6HHGVSRWWLQJ�&KLOJR]D�SLQH��EHJXQ�������
6H����6HHGVSRWWLQJ�-HIIUH\�3LQH��
6H����6HHGVSRWWLQJ�:<3��
6H����6HHGVSRWWLQJ�$XVWULDQ�SLQH��
6H����6HHGVSRWWLQJ�%ODFN�/RFXVW��
6H����6HHGVSRWWLQJ�'RXJODV�)LU��
6H����6HHGVSRWWLQJ�1RUZD\�VSUXFH��
6WUD����,QÀXHQFH�RI�D�IRUHVW�FRYHU�DQG�UDWH�RI�PHOWLQJ�

of snow and upon run-off, begun 1910. 
7���7\SH�6WXGLHV��6WXG\�RI�WKH�FRPSRVLWH�W\SH��

Apache NF, completed. 
U1: Utilization: Durability of fence posts, records 

established 1910.

New Projects Proposed for 1912: 

,QVHFWV��,QVHFW�DWWDFNV�RQ�FXSSHG�:<3��
3ODQWLQJ��$GYDQWDJH�RI�ZLGH�KROHV�DQG�SUHSDUHG�VSRWV�

in wyp planting.
&RPSDULVRQ�RI�GLIIHUHQW�FODVVHV�RI�VWRFN�LQ�'RXJODV�¿U�

planting. 
Early and late spring planting of Douglas Fir. 
3ODQWLQJ�PHWKRGV�IRU�'RXJODV�)LU��

3ODQWLQJ�PHWKRGV�RI�:<3�:LGWK�RI�SODQWLQJ�KROHV�IRU�
Douglas Fir. 

3ODQWLQJ�VLWHV�IRU�:<3��
3ODQWLQJ�LQ�SDUNV�3ODQWLQJ�XQGHU�GLIIHUHQW�FRQGLWLRQV�
6HHG��'LVWULFW�VHHG�WHVWLQJ�
$PRXQW�RI�VHHG�SURGXFWLRQ��RPLWWHG��
6RLOV��1RQ�DYDLODEOH�PRLVWXUH�LQ�VRLOV�LQ�RQ�W\SLFDO�

planting areas.

1913: 

Source: ,QYHVWLJDWLYH�5HSRUWV
Animals: “methods of combating seed destroying 

DQLPDOV´�GLVFRQWLQXHG�DV�%LRORJLFDO�6XUYH\�LV�
doing. 

1HZ�3URMHFWV�DSSURYHG��³,QYHVWLJDWLRQV�RI�\LHOG�RI�
:<3�VWDQGV´�

'HF������²SURSRVDO�DFFHSWHG�WR�VHW�DVLGH�����
DFUHV�RI�YLUJLQ�:<3�DGMDFHQW�WR�)RUW�9DOOH\�
KHDGTXDUWHUV�WR�([SHULPHQW�LQ�LQWHQVLYH�
methods and as a public demonstration area. 

'HF������²FXOWLYDWLRQ�RI�LQGLJHQRXV�IRUDJH�SODQWV�
IRU�DUWL¿FLDO�UHVHHGLQJ��SURJUHVV�UHSRUW����DFUHV�
IHQFHG��DGMRLQLQJ�)RUW�9DOOH\�KHDGTXDUWHUV�
grounds. 

'HF�����²6RXUFHV�RI�QXUVHU\�VWRFN��)RUW�9DOOH\�
3ODQWLQJ�$UHD�$���%ORFNV��	���

'HF������²6RXUFH�RI�VHHG²:<3��SURMHFW�EHJXQ�LQ�
1908. Completed. 

'HF������²*HQHUDO�QXUVHU\�SUDFWLFH��)RUW�9DOOH\��
3URJUHVV�5HSRUW��

'HF������²7HVW�RI�VSHFLHV��)RUW�9DOOH\��3URJUHVV�
5HSRUW��

'HF������²:<3��)RUW�9DOOH\�3ODQWLQJ�DUHD�$���
Block 4.

'HF������²'RXJODV�)LU��SODQWLQJ�DUHD�'����%ORFN�,,�
& III.

'HF������²6HDVRQ�IRU�SODQWLQJ²'RXJODV�¿U��
progress report. Area D-1, Block I.

'HF������²0HWKRGV�RI�SODQWLQJ�:HVWHUQ�<HOORZ�
3LQH��3URJUHVV�5HSRUW��$UHD�$����%ORFN����

'HF������²(IIHFW�RI�FRYHU²'RXJODV�)LU��SURJUHVV�
report, Area D-1. 

1RY������²6WXG\�RI�VLWHV²:<3�SODQWLQJ�LQ�SDUNV��
)RUW�9DOOH\�3DUN��$OVR��SODQWLQJ�LQ�$UHD�%����
%ORFN�,,,��3ORW����$UHD�$����%ORFN�,9��3ORWV����	�
����$UHD�&����%ORFN�,��3ORW�����$UHD�'����%ORFN�
,,��3ORW�����

'HF������²0HWKRGV�RI�SODQWLQJ�'RXJODV�)LU��
progress report, Area D-1. 

'HF������²(IIHFW�RI�GLIIHUHQW�PHWKRGV�RI�FXWWLQJ��
progress report, 4 plots on Coc. NF, begun 1909. 

'HF������²%UXVK�GLVSRVDO��SURJUHVV�UHSRUW��*UHHQODZ�
6DOH�DUHD��$UHD�&���������DF��
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'HF������²1DWXUDO�UHSURGXFWLRQ�±�:<3��3URJUHVV�
5HSRUW��EHJXQ�LQ������� 
5 plots on Coc, 2 plots on Apache. 

'HF������²5HFXSHUDWLRQ�RI�GLIIHUHQW�WUHH�VSHFLHV�
from injury by grazing, progress report, FV. 

'HF������²5RRW�PRXOG�LQ�7UDQVSODQWV��SURJUHVV�
report. FV nursery. 

'HF������²(IIHFW�RI�PLVWOHWRH�XSRQ�WKH�JURZWK�DQG�
VHHG�SURGXFWLRQ�RI�:<3��SURJUHVV�UHSRUW��

'HF������²'HFDGHQFH�RI�PDWXUH�:<3��SURJUHVV�
report. 

1RY������²,QVHFW�DWWDFNV�RQ�FXSSHG�:<3��SURJUHVV�
UHSRUW��5HODWHG�WR�WXUSHQWLQH�SURMHFW��)9�

'HF������²7KH�0D\�%HHWOH�LQ�IRUHVW�QXUVHULHV�DQG�
experiments relative to its eradication, FV 
nursery.

1914:

'HF������²)RUHVWDWLRQ��6HHG�VWXGLHV��)9��EHJXQ�
������)RUHVWDWLRQ��1XUVHU\�3UDFWLFH��)9��)W��
%D\DUG��*DOOLQDV�QXUVHULHV��)RUHVWDWLRQ��6RZLQJ�
and planting, FV, Ft. Bayard. Management: 
0HWKRG�RI�FXWWLQJ��:<3��'RXJODV�¿U��EHJXQ�
1910.

1915:

Dec, 1915 report: District pathologist Dr. W.H. Long 
working on mistletoe and heart-rot at FV.

1HZ�SURMHFWV��3URWHFWLRQ��)LUH��5HODWLRQ�RI�PRLVWXUH�
FRQWHQW�WR�LQÀDPPDELOLW\�RI�IRUHVW�OLWWHU�DQG�
JURXQG�FRYHU��FOLPDWLF�VXUYH\��

)RUHVW�7\SHV��6WXG\�RI�)RUHVW�7\SHV�
&RPSOHWHG��1XUVHU\�SUDFWLFH��WLPH�RI�VRZLQJ�±�H[S��

2FFXUUHG�IRU�#���\UV
“: method of sowing
“: root development
: Forestation: comparison of different classes of wyp 

stock
��)RUHVWDWLRQ��6RZLQJ�	�3ODQWLQJ��0HWKRGV�RI�VRZLQJ�

and playing wyp 
��IRUHVWDWLRQ��6RZLQJ�	�3ODQWLQJ��&RPS��RI�GLII��

Classes of stock, D Fir 
��IRUHVWDWLRQ��6RZLQJ�	�3ODQWLQJ��PHWKRGV�RI�SODQW�

sow, D Fir 
,Q�3URJUHVV��)RUHVWDWLRQ��6HHG�VWXGLHV��6RXUFH�RI�

seed, wyp Forestation: Nursery: Field nurseries, 
'¿U��Z\S��(QJHOPDQQ��WR�FRPSOHWH�LQ�������
)RUHVWDWLRQ��1XUVHU\�3UDFWLFH��DPRXQW�RI�VHHG�
WR�VRZ��FRPSOHWH�#������)RUHVWDWLRQ��1XUVHU\�
3UDFWLFH��WLPH�DQG�PHWKRG�RI�WUDQVSODQWLQJ��
FRPSOHWH�#�����

)RUHVWDWLRQ��6RZLQJ�	�3ODQWLQJ��VWXG\�RI�VLWHV��Z\S
Forestation: “ “: test of species, Jeffrey pine

)RUHVWDWLRQ��3ODQWLQJ�	�6RZLQJ�"���UHIRUHVWDWLRQ�RI�
mtn burns

)RUHVWDWLRQ��6RZLQJ�	�3ODQWLQJ��WHVW�RI�VSHFLHV��$=�
Cypress, complete in 1916.

Forestation: “ “: test of species: black locust, white 
elm, green ash, desert willow, honey locust, 
&DUROLQD�SRSODU��ER[�HOGHU��5XVVLDQ�ROLYH��
Norway spruce, limber pine, to complete in 
�����

Management: Brush Disposal: Effect of scattering 
brush after logging upon repro, wyp

Management: Methods of Cutting: effect of diff. 
Methods, wyp

0DQDJHPHQW��1DWXUDO�5HSUR��QDW��UHSUR��Z\S
0HQVXUDWLRQ��9ROXPH�JURZWK�DQG�\HLGO��Z\S��'¿U��

(QJHO��:KLWH�¿U
3URWHFWLRQ��*UD]LQJ��5HFXSHUDWLRQ�RI�GLII��7UHH�VSHFLHV�

from injury by grazing
3URWHFWLRQ��'LVHDVH��HIIHFW�RI�PLVWOHWRH�RQ�JURZWK�	�

VHH�SURGXFWLRQ�RI�Z\S��FRPSOHWH�#������FRRS�
ZLWK�'LVW��3DWKRORJLVW

3URWHFWLRQ��'LVHDVH��'HFDGHQFH�RI�PDWXUH�Z\S
3URWHFWLRQ��'LVHDVH��6WXG\�RI�KHDUW�URWV�LQ�UHODWLRQ�WR�

WLPEHU�VDOH�SUDFWLFH��FRPSOHWH�LQ�����
3URWHFWLRQ��3UHOLPLDU\�VWXG\�RI�HURVLRQ�SUREOHP

1916: 

³6XUYH\�RI�:RUN�&DUULHG�RQ�E\�WKH�)9(6´�E\�*�$��3HDUVRQ��
����������6XPPDUL]HV�¿UVW�\HDUV�RI�)9�ZRUN�

�����'LVW�,QY�FRPPLWWHH�UHSRUW��3URMHFWV�FDUULHG�RQ�LQ�
1916:

)RUHVWDWLRQ��6HHG�6WXGLHV��1XUVHU\�3UDWLFH��6RZLQJ�	�
3ODQWLQJ

Management: Methods of cutting, brush disposal, 
natural repro

0HQVXUDWLRQ��9ROXPH�6WXGLHV
3URWHFWLRQ��(URVLRQ�6WXGLHV��¿UH�VWXGLHV��SDWKRORJLFDO�

studies, isnect studies, windfall studies 
Forest Types, Economic studies

1917: 

)9�%XOOHWLQ������������QDUUDWLYH�OLVW�ZRUN�LQ�
0DQDJHPHQW�6WXGLHV��363V��PLVWOHWRH��URGHQWV��
ZLQGIDOO��OLJKWQLQJ���)RUHVW�7\SHV��GHWHUPLQH�
VLWH�IDFWRUV�OLPLWLQJ�GLVWULEXWLRQ�RI�WUHH�VSHFLHV���
forestation (planting, seed source, nurseries, 
SODQWLQJ�RI�JUDVVHV���6WXG\�RI�%UXVK�'LVSRVDO��
Douglas Fir Volume Table.

1918: 

)9�%XOOHWLQ�����������QDUUDWLYH�RQ�6HHG�6WXGLHV��
1XUVHU\�3UDFWLFH��)LHOG�3ODQWLQJ��0HWKRGV�RI�
&XWWLQJ��1DWXUDO�5HSURGXFWLRQ��)RUHVW�7\SHV��
GXUDELOLW\�RI�)HQFH�3RVWV�������UHSRUW�RQ�KRZ�



USDA Forest Service RMRS-P-55.  2008. 267

6LOYLFXOWXUH�QHHGV�WR�FRRS�ZLWK�*UD]LQJ�WR�
determine sheep numbers grazing on Forest. 
6XJJHVW�SURMHFW��'DPDJH�E\�6KHHS�*UD]LQJ��
([WHQVLYH�	�+LVWRULFDO�6WXG\��\S�W\SH��RQ�&RF�
and Tusayan.

1919: 

Important projects: Forestation, Methods of Cutting, 
0DQDJHPHQW��6WXG\�RI�)RUHVW�7\SHV��DQG�6WXG\�
RI�'DPDJH�E\�*UD]LQJ�

1926: 

0DUFK�������+LVWRULFDO�)DFWV�5HJDUGLQJ�WKH�
6RXWKZHVWHUQ�)RUHVW�([SHULPHQW�6WDWLRQ�
±�OLVWV�ZKHQ��ZKR��,QYHVWLJDWLRQV�LQ�������
5HSURGXFWLRQ�RI�:<3��)RUHVW�SODQWLQJ��%UXVK�
'LVSRVDO��)RUHVW�,QÀXHQFHV��(VWDEOLVKPHQW�RI�
management plots.

Investigations in progress in 1926: 1,2,5 listed above, 
SOXV�5HSURGXFWLRQ�	�PJPW�RI�'RXJODV�¿U�DQG�
Engelmann spruce, forest types, thinnings, 
erosion, life history and control of porcupines.

1935–53: 

5HVHDUFK�SURMHFWV�DUH�IRXQG�LQ�WKH�86)6�
6RXWKZHVWHUQ�)RUHVW�DQG�5DQJH�([SHULPHQW�
6WDWLRQ�$QQXDO�5HSRUWV��FRSLHV�DYDLODEOH�DW�
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RI�OREOROO\�SLQH��-RXUQDO�RI�)RUHVWU\������������������

3HDUVRQ��*�$������G��6DZORJV�LQ�WKH�PDNLQJ��7XFVRQ��$=��8�6��
'HSDUWPHQW�RI�$JULFXOWXUH��)RUHVW�6HUYLFH��6RXWKZHVWHUQ�)RUHVW�
DQG�5DQJH�([SHULPHQW�6WDWLRQ����S�

3HDUVRQ��*�$������D��$SSOLHG�JHQHWLFV�LQ�IRUHVWU\��7KH�6FLHQWL¿F�
0RQWKO\��������������

3HDUVRQ��*�$������E��&XWWLQJ�F\FOHV�LQ�SRQGHURVD�SLQH��-RXUQDO�RI�
)RUHVWU\�����������������

3HDUVRQ��*�$������F��&XWWLQJ�LQ�YLUJLQ�VWDQGV�RI�SRQGHURVD�
SLQH²)RUW�9DOOH\�([SHULPHQWDO�)RUHVW��8QSXE��3DS��RQ�¿OH�DW�
)ODJVWDII��$=��8�6��'HSDUWPHQW�RI�$JULFXOWXUH��)RUHVW�6HUYLFH��
5RFN\�0RXQWDLQ�5HVHDUFK�6WDWLRQ��)RUW�9DOOH\�([SHULPHQWDO�
Forest archives. 22 p.

3HDUVRQ��*�$������G��*URZWK��PRUWDOLW\��LQFUHPHQW��DQG�FXWWLQJ�
F\FOHV��SRQGHURVD�SLQH���)RUW�9DOOH\�([SHULPHQWDO�)RUHVW��
8QSXE��3DS��RQ�¿OH�DW�)ODJVWDII��$=��8�6��'HSDUWPHQW�RI�
$JULFXOWXUH��)RUHVW�6HUYLFH��5RFN\�0RXQWDLQ�5HVHDUFK�6WDWLRQ��
Fort Valley Experimental Forest archives. 29 p.

3HDUVRQ��*�$������H��0XOWLSOH�XVH�LQ�IRUHVWU\��-RXUQDO�RI�)RUHVWU\��
���������������

3HDUVRQ��*�$������I��5HFRUGV�IURP�D�YLUJLQ�VWDQG�RI�SRQGHURVD�
SLQH²)RUW�9DOOH\�([SHULPHQWDO�)RUHVW��8QSXE��3DS��RQ�¿OH�DW�
)ODJVWDII��$=��8�6��'HSDUWPHQW�RI�$JULFXOWXUH��)RUHVW�6HUYLFH��
5RFN\�0RXQWDLQ�5HVHDUFK�6WDWLRQ��)RUW�9DOOH\�([SHULPHQWDO�
)RUHVW�DUFKLYHV�����S�

3HDUVRQ��*�$������J��7UHH�FODVVL¿FDWLRQV��-RXUQDO�RI�)RUHVWU\��
�������������

3HDUVRQ��*�$��������*URZWK��PRUWDOLW\��DQG�FXWWLQJ�F\FOHV�LQ�1HZ�
0H[LFR�SRQGHURVD�SLQH��-RXUQDO�RI�)RUHVWU\�����������������

3HDUVRQ��*�$������D��$JH�DQG�YLJRU�FODVVHV�LQ�UHODWLRQ�WR�WLPEHU�
PDUNLQJ��-RXUQDO�RI�)RUHVWU\�����������������

3HDUVRQ��*�$������E��$�SOHD�IRU�DSSOLHG�VLOYLFXOWXUH�LQ�IRUHVW�
UHVHDUFK��-RXUQDO�RI�)RUHVWU\������������������

3HDUVRQ��*�$������F��3RQGHURVD�SLQH�LQ�WKH�VHFRQG�FXWWLQJ�F\FOH��
-RXUQDO�RI�)RUHVWU\�����������������

3HDUVRQ��*�$������G��6XJJHVWLRQV�IRU�WUHH�SODQWLQJ�LQ�)ODJVWDII��
8QSXE��3DS��RQ�¿OH�DW�)ODJVWDII��$=��8�6��'HSDUWPHQW�RI�
$JULFXOWXUH��)RUHVW�6HUYLFH��5RFN\�0RXQWDLQ�5HVHDUFK�6WDWLRQ��
Fort Valley Experimental Forest archives. 8 p.

3HDUVRQ��*�$������H��7LPEHU�IDUPLQJ�LQ�$UL]RQD��$UL]RQD�
+LJKZD\V������������S�

3HDUVRQ��*�$��������5HWLUHG�IRUHVWHU¶V�YLHZV�RQ�WLPEHU�YV��JUDVV�
Issue. Arizona Farmer. Jan. 10: 24.

3HDUVRQ��*�$��������0DQDJHPHQW�RI�FXW�RYHU�ODQG�LQ�WKH�LQWHULRU�
SRQGHURVD�SLQH�W\SH��-RXUQDO�RI�)RUHVWU\�����������������

3HDUVRQ��*�$��������0DQDJHPHQW�RI�SRQGHURVD�SLQH�LQ�WKH�
VRXWKZHVW��0RQR�����:DVKLQJWRQ��'&��8�6��'HSDUWPHQW�RI�
$JULFXOWXUH��)RUHVW�6HUYLFH������S�

3HDUVRQ��*�$��������$�FRPSDULVRQ�RI�WKH�FOLPDWH�LQ�IRXU�SRQGHURVD�
SLQH�UHJLRQV��-RXUQDO�RI�)RUHVWU\�����������������

3HDUVRQ��+HQU\�$��������6WXGLHV�RI�IRUDJH�GLJHVWLELOLW\�XQGHU�
SRQGHURVD�SLQH�VWDQGV��3URF��6RFLHW\�RI�$PHULFDQ�)RUHVWHUV��
'HQYHU��&2����S�

3HDUVRQ��+HQU\�$������D��3KHQRORJ\�RI�$UL]RQD�IHVFXH�DQG�
mountain muhly in the northern Arizona ponderosa pine type. 
5HV��1RWH�50�����)RUW�&ROOLQV��&2��8�6��'HSDUWPHQW�RI�
$JULFXOWXUH��)RUHVW�6HUYLFH��5RFN\�0RXQWDLQ�)RUHVW�DQG�5DQJH�
([SHULPHQW�6WDWLRQ����S�

3HDUVRQ��+HQU\�$���-DPHVRQ��'RQDOG�$������E��5HODWLRQVKLS�
between timber and cattle production on ponderosa pine range: 
7KH�:LOG�%LOO�UDQJH��)RUW�&ROOLQV��&2��8�6��'HSDUWPHQW�RI�
$JULFXOWXUH��)RUHVW�6HUYLFH��5RFN\�0RXQWDLQ�)RUHVW�DQG�5DQJH�
([SHULPHQW�6WDWLRQ�����S�

3HDUVRQ��+HQU\�$��������7KLQQLQJ��FOHDUFXWWLQJ��DQG�UHVHHGLQJ�
affect deer and elk use of ponderosa pine forests in Arizona. 
5HV��1RWH�50������)RUW�&ROOLQV��&2��8�6��'HSDUWPHQW�RI�
$JULFXOWXUH��)RUHVW�6HUYLFH�5RFN\�0RXQWDLQ�)RUHVW�DQG�5DQJH�
([SHULPHQW�6WDWLRQ����S�

3HDUVRQ��+�$���'DYLV��-�5���6FKXEHUW��*�+������D��(IIHFWV�RI�
ZLOG¿UH�RQ�WLPEHU�DQG�IRUDJH�SURGXFWLRQ�LQ�$UL]RQD��-RXUQDO�RI�
5DQJH�0DQDJHPHQW�����������������

3HDUVRQ��+HQU\�$������E��(VWLPDWLQJ�FDWWOH�JDLQV�IURP�
consumption of digestible forage on ponderosa pine range. 
-RXUQDO�RI�5DQJH�0DQDJHPHQW���������������

3HDUVRQ��+HQU\�$��������&DOFXODWLQJ�JUD]LQJ�LQWHQVLW\�IRU�
PD[LPXP�SUR¿W�RQ�SRQGHURVD�SLQH�UDQJH�LQ�QRUWKHUQ�$UL]RQD��
-RXUQDO�RI�5DQJH�0DQDJHPHQW�����������������

3HWHUVRQ��*HUDOGLQH��������0HUFKDQWDEOH�KHLJKW�YROXPH�WDEOH�IRU�
SRQGHURVD�SLQHV��5HV��1RWH�����7XFVRQ��$=��8�6��'HSDUWPHQW�
RI�$JULFXOWXUH��)RUHVW�6HUYLFH��6RXWKZHVWHUQ�)RUHVW�DQG�5DQJH�
([SHULPHQW�6WDWLRQ����S�

3LFNIRUG��*�'��������5DQJH�VXUYH\�PHWKRGV�LQ�ZHVWHUQ�8QLWHG�
6WDWHV��+HUEDJH�5HYLHZV�����������S�

3RQGHURVD�SLQH�PDQDJHPHQW�FRQIHUHQFH��)RUW�9DOOH\�([SHULPHQWDO�
)RUHVW��������7XFVRQ��$=��8�6��'HSDUWPHQW�RI�$JULFXOWXUH��
)RUHVW�6HUYLFH��6RXWKZHVWHUQ�)RUHVW�DQG�5DQJH�([SHULPHQW�
6WDWLRQ�����S�

3RWWHU��$OEHUW�)��������*UD]LQJ�RQ�WKH�SXEOLF�ODQGV��%XOO������
:DVKLQJWRQ��'&��8�6��'HSDUWPHQW�RI�$JULFXOWXUH��)RUHVW�
6HUYLFH�����S�

3ULFH��5D\PRQG��������3RQGHURVD�SLQH�PDQDJHPHQW�FRQIHUHQFH��
)RUW�9DOOH\�([SHULPHQWDO�)RUHVW��-RXUQDO�RI�)RUHVWU\����������
921-922.

3ULFH��5D\PRQG��������+LVWRU\�RI�)RUHVW�6HUYLFH�UHVHDUFK�LQ�WKH�
FHQWUDO�DQG�VRXWKHUQ�5RFN\�0RXQWDLQ�UHJLRQV������������
*HQ��7HFK��5HS��50�����)RUW�&ROOLQV��&2��8�6��'HSDUWPHQW�RI�
$JULFXOWXUH��)RUHVW�6HUYLFH��5RFN\�0RXQWDLQ�)RUHVW�DQG�5DQJH�
([SHULPHQW�6WDWLRQ������S�

5DWFOLII��7KRPDV�5���3DWWRQ��'�5���)IROOLRWW��3�)��������3RQGHURVD�
SLQH�EDVDO�DUHD�DQG�WKH�NDLEDE�VTXLUUHO��-RXUQDO�RI�)RUHVWU\��
���������������

5HFNQDJHO��$�%��������7KH�SURJUHVV�RI�UHFRQQDLVVDQFH��)RUHVW�
4XDUWHUO\����������������

5HQQHU��)�*���HW��DO��������$�VHOHFWHG�ELEOLRJUDSK\�RQ�PDQDJHPHQW�
RI�ZHVWHUQ�UDQJHV��OLYHVWRFN��DQG�ZLOGOLIH��0LVF��3XE�������
:DVKLQJWRQ��'&��8�6��'HSDUWPHQW�RI�$JULFXOWXUH������S�

5LFK��/RZHOO�5���*RWWIULHG��*HUDOG�-��������:DWHU�\LHOGV�UHVXOWLQJ�
from treatments on the Workman Creek Experimental 
:DWHUVKHGV�LQ�FHQWUDO�$UL]RQD��:DWHU�5HVRXUFHV�5HVHDUFK� 
�����������������



280 USDA Forest Service RMRS-P-55.  2008.

5LHWYHOG��:�-���+HLGPDQQ��/�-��������,QÀXHQFH�RI�DQWLWUDQVSLUDQWV�
on water use, growth characteristics, and relative drought 
UHVLVWDQFH�RI�SRQGHURVD�SLQH�VHHGOLQJV��5HV��1RWH�50������)RUW�
&ROOLQV��&2��8�6��'HSDUWPHQW�RI�$JULFXOWXUH��)RUHVW�6HUYLFH��
5RFN\�0RXQWDLQ�)RUHVW�DQG�5DQJH�([SHULPHQW�6WDWLRQ����S�

5LHWYHOG��:�-���+HLGPDQQ��/�-��������0XOFKLQJ�SODQWHG�SRQGHURVD�
SLQH�VHHGOLQJV�LQ�$UL]RQD�JLYHV�PL[HG�UHVXOWV��5HV��1RWH�
50������)RUW�&ROOLQV��&2��8�6��'HSDUWPHQW�RI�$JULFXOWXUH��
)RUHVW�6HUYLFH��5RFN\�0RXQWDLQ�)RUHVW�DQG�5DQJH�([SHULPHQW�
6WDWLRQ����S�

5LHWYHOG��:�-��������3K\WRWR[LF�JUDVV�UHVLGXHV�UHGXFH�JHUPLQDWLRQ�
DQG�LQLWLDO�URRW�JURZWK�RI�SRQGHURVD�SLQH��5HV��3DS��50������
)RUW�&ROOLQV��&2��8�6��'HSDUWPHQW�RI�$JULFXOWXUH��)RUHVW�
6HUYLFH��5RFN\�0RXQWDLQ�)RUHVW�DQG�5DQJH�([SHULPHQW�
6WDWLRQ�����S�

5LHWYHOG��:�-���+HLGPDQQ��/�-��������'LUHFW�VHHGLQJ�SRQGHURVD�
SLQH�RQ�IUHVK�EXUQV�LQ�$UL]RQD��5HV��1RWH�50������)RUW�
&ROOLQV��&2��8�6��'HSDUWPHQW�RI�$JULFXOWXUH��)RUHVW�6HUYLFH��
5RFN\�0RXQWDLQ�)RUHVW�DQG�5DQJH�([SHULPHQW�6WDWLRQ����S�

5LHWYHOG��:�-��������&RQH�PDWXUDWLRQ�LQ�SRQGHURVD�SLQH�IROLDJH�
VFRUFKHG�E\�ZLOG¿UH��5HV��1RWH�50������)RUW�&ROOLQV��&2��
8�6��'HSDUWPHQW�RI�$JULFXOWXUH��)RUHVW�6HUYLFH��5RFN\�
0RXQWDLQ�)RUHVW�DQG�5DQJH�([SHULPHQW�6WDWLRQ����S�

5LHWYHOG��:�-��������3K\WRWR[L�HIIHFWV�RI�EXQFKJUDVV�UHVLGXHV�RQ�
germination and initial root growth of yellow sweetclover. 
-RXUQDO�RI�5DQJH�0DQDJHPHQW���������������

5LHWYHOG��:�-��������)RUHFDVWLQJ�VHHG�FURSV�DQG�GHWHUPLQLQJ�FRQH�
ULSHQHUV�LQ�VRXWKZHVWHUQ�SRQGHURVD�SLQH��*HQ��7HFK��5HS��
50�����)RUW�&ROOLQV��&2��8�6��'HSDUWPHQW�RI�$JULFXOWXUH��
)RUHVW�6HUYLFH��5RFN\�0RXQWDLQ�)RUHVW�DQG�5DQJH�([SHULPHQW�
6WDWLRQ�����S�

5RQFR��)UDQN��-U���*RWWIULHG��*HUDOG�-���$OH[DQGHU��5REHUW�5��
������6LOYLFXOWXUH�RI�PL[HG�FRQLIHU�IRUHVWV�LQ�WKH�VRXWKZHVW��
50�77����)RUW�&ROOLQV��&2��8�6��'HSDUWPHQW�RI�$JULFXOWXUH��
)RUHVW�6HUYLFH��5RFN\�0RXQWDLQ�)RUHVW�DQG�5DQJH�([SHULPHQW�
6WDWLRQ�����S�

5RQFR��)UDQN��(GPLQVWHU��&DUOHWRQ�%���7UXMLOOR��'DYLG�3��������
*URZWK�RI�SRQGHURVD�SLQH�WKLQQHG�WR�GLIIHUHQW�VWRFNLQJ�OHYHOV�
LQ�QRUWKHUQ�$UL]RQD��5HV��3DS��50������)RUW�&ROOLQV��&2��8�6��
'HSDUWPHQW�RI�$JULFXOWXUH��)RUHVW�6HUYLFH��5RFN\�0RXQWDLQ�
)RUHVW�$QG�5DQJH�([SHULPHQW�6WDWLRQ�����S�

5RQFR��)UDQN��������+LVWRU\�RI�WKH�)RUW�9DOOH\�([SHULPHQWDO�
)RUHVW��8QSXE��3DS��RQ�¿OH�DW�)ODJVWDII��$=��8�6��'HSDUWPHQW�RI�
$JULFXOWXUH��)RUHVW�6HUYLFH��5RFN\�0RXQWDLQ�5HVHDUFK�6WDWLRQ��
Fort Valley Experimental Forest archives. 56 p.

5\DQ��0LFKDHO��&RYLQJWRQ��:�:��������(IIHFW�RI�D�SUHVFULEHG�
burn in ponderosa pine on inorganic nitrogen concentrations 
RQ�PLQHUDO�VRLO��5HV��1RWH�50������)RUW�&ROOLQV��&2��8�6��
'HSDUWPHQW�RI�$JULFXOWXUH��)RUHVW�6HUYLFH��5RFN\�0RXQWDLQ�
)RUHVW�DQG�5DQJH�([SHULPHQW�6WDWLRQ����S�

6DFNHWW��6WHSKHQ�6��������1DWXUDO�IXHO�ORDGLQJV�LQ�SRQGHURVD�SLQH�
DQG�PL[HG�FRQLIHU�IRUHVWV�RI�WKH�VRXWKZHVW��5HV��3DS��50������
)RUW�&ROOLQV��&2��8�6��'HSDUWPHQW�RI�$JULFXOWXUH��5RFN\�
0RXQWDLQ�)RUHVW�DQG�5DQJH�([SHULPHQW�6WDWLRQ�����S�

6DFNHWW��6WHSKHQ�6��������5HGXFLQJ�QDWXUDO�SRQGHURVD�SLQH�IXHOV�
XVLQJ�SUHVFULEHG�¿UHV��7ZR�FDVH�VWXGLHV��5HV��1RWH�50������
)RUW�&ROOLQV��&2��8�6��'HSDUWPHQW�RI�$JULFXOWXUH��5RFN\�
0RXQWDLQ�)RUHVW�DQG�5DQJH�([SHULPHQW�6WDWLRQ����S�

6DFNHWW��6WHSKHQ�6��������2EVHUYDWLRQV�RQ�QDWXUDO�UHJHQHUDWLRQ�
LQ�SRQGHURVD�SLQH�IROORZLQJ�D�SUHVFULEHG�¿UH�LQ�$UL]RQD��
5HV��1RWH�50������)RUW�&ROOLQV��&2��8�6��'HSDUWPHQW�RI�

$JULFXOWXUH��)RUHVW�6HUYLFH��5RFN\�0RXQWDLQ�)RUHVW�DQG�5DQJH�
([SHULPHQW�6WDWLRQ����S�

6DFNHWW��6WHSKHQ�6���+DDVH��6DOO\�0��������0HDVXULQJ�VRLO�DQG�WUHH�
WHPSHUDWXUHV�GXULQJ�SUHVFULEHG�¿UHV�ZLWK�WKHUPRFRXSOH�SUREHV��
*HQ��7HFK��5HS��36:�*75������$OEDQ\��&$��8�6��'HSDUWPHQW�
RI�$JULFXOWXUH��)RUHVW�6HUYLFH��3DFL¿F�6RXWKZHVW�5HVHDUFK�
6WDWLRQ�����S�

6DFNHWW��6WHSKHQ�6���+DDVH��6DOO\�0���+DUULQJWRQ��0LFKDHO�*��
������5HVWRUDWLRQ�RI�VRXWKZHVWHUQ�SRQGHURVD�SLQH�HFRV\VWHPV�
ZLWK�¿UHV��,Q��&RYLQJWRQ��:DOODFH�:���'H%DQR��/HRQDUG�)���
WHFK�FRRUG��6XVWDLQDEOH�HFRORJLFDO�V\VWHPV��LPSOHPHQWLQJ�DQ�
HFRORJLFDO�DSSURDFK�WR�ODQG�PDQDJHPHQW�������-XO\��������
)ODJVWDII��$=��*HQ��7HFK��5HS��50������)RUW�&ROOLQV��&2��8�6��
'HSDUWPHQW�RI�$JULFXOWXUH��)RUHVW�6HUYLFH��5RFN\�0RXQWDLQ�
)RUHVW�DQG�5DQJH�([SHULPHQWDO�)RUHVW����������

6DFNHWW��6WHSKHQ�6���+DDVH��6DOO\�0������D��)XHO�ORDGLQJV�LQ�
VRXWKZHVWHUQ�HFRV\WHPV�RI�WKH�8QLWHG�6WDWHV��,Q��)IROOLRWW��
3HWHU�)��'H%DQR��/HRQDUG�)���%DNHU��-U���0DOFKXV�%���*RWWIULHG��
*HUDOG�-���6ROLV�*DU]D��*LOEHUWR��(GPLQVWHU��&DUOHWRQ�%���
1HDU\��'DQLHO�*���$OOHQ��/DUU\�6���+DPUH��5�+��WHFK��FRRUG��
(IIHFWV�RI�¿UH�RQ�0DGUHDQ�3URYLQFH�HFRV\VWHPV��D�V\PSRVLXP�
SURFHHGLQJV�������0DUFK��������7XFVRQ��$=��*HQ��7HFK��
5HS��50�*75������)RUW�&ROOLQV��&2��8�6��'HSDUWPHQW�RI�
$JULFXOWXUH��)RUHVW�6HUYLFH��5RFN\�0RXQWDLQ�)RUHVW�DQG�5DQJH�
([SHULPHQW�6WDWLRQ����������

6DFNHWW��6WHSKHQ�6���+DDVH��6DOO\�0���+DUULQJWRQ��0LFKDHO�*��
����E��/HVVRQV�OHDUQHG�IURP�¿UH�XVH�IRU�UHVWRULQJ�VRXWKZHVWHUQ�
SRQGHURVD�SLQH�HFRV\VWHPV��,Q��&RYLQJWRQ��:DOODFH��:DJQHU��
3DPHOD�.���WHFK�FRRUG��&RQIHUHQFH�RQ�DGDSWLYH�HFRV\VWHP�
restoration and management: restoration of Cordilleran conifer 
ODQGVFDSHV�RI�1RUWK�$PHULFD�������-XQH������)ODJVWDII��
$=��*HQ��7HFK�5HS��50�*75������)RUW�&ROOLQV��&2��8�6��
'HSDUWPHQW�RI�$JULFXOWXUH��)RUHVW�6HUYLFH��5RFN\�0RXQWDLQ�
)RUHVW�DQG�5DQJH�([SHULPHQW�6WDWLRQ��������

6DFNHWW��6WHSKHQ�6���+DDVH��6DOO\�0���+DUULQJWRQ��0LFKDHO�*��
����F��3UHVFULEHG�EXUQLQJ�LQ�6RXWKZHVWHUQ�SRQGHURVD�SLQH��,Q��
)IROOLRWW��3HWHU�)���'H%DQR��/HRQDUG�)���%DNHU��-U���0DOFKXV�%���
*RWWIULHG��*HUDOG�-���6ROLV�*DU]D��*LOEHUWR��(GPLQVWHU��&DUOHWRQ�
%���1HDU\��'DQLHO�*���$OOHQ��/DUU\�6���+DPUH��5�+��WHFK��FRRUG��
(IIHFWV�RI�¿UH�RQ�0DGUHDQ�3URYLFQH�HFRV\VWHPV��D�V\PSRVLXP�
SURFHHGLQJV�������0DUFK��������7XFVRQ��$=��*HQ��7HFK��
5HS��50�*75������)RUW�&ROOLQV��&2��8�6��'HSDUWPHQW�RI�
$JULFXOWXUH��)RUHVW�6HUYLFH��5RFN\�0RXQWDLQ�)RUHVW�DQG�5DQJH�
([SHULPHQW�6WDWLRQ����������

6DFNHWW��6WHSKHQ�6���+DDVH��6DOO\�0��������7ZR�FDVH�KLVWRULHV�
IRU�XVLQJ�SUHVFULEHG�¿UH�WR�UHVWRUH�SRQGHURVD�SLQH�HFRV\VWHPV�
LQ�QRUWKHUQ�$UL]RQD��,Q��3UXGHQ��7HUHVD�/���%UHQQDQ��/HRQDUG�
A., eds. Fire in ecosystem management: shifting the paradigm 
from suppression to prescription. Tall Timbers Fire Ecology 
&RQIHUHQFH�3URFHHGLQJV��1R������7DOO�7LPEHUV�5HVHDUFK�
6WDWLRQ��7DOODKDVVHH��)/������������

6iQFKH]�0HDGRU��$QGUHZ�-���0RRUH��0�0���%DNNHU��-�'���3DU\VRZ��
3�)��>,Q�SUHVV@��6KRUW��DQG�ORQJ�WHUP�HIIHFWV�RI�VHOHFWLYH�
harvesting on spatial pattern and stand development in a 
SRQGHURVD�SLQH�IRUHVW��-RXUQDO�RI�9HJHWDWLRQ�6FLHQFH�

6iQFKH]�0HDGRU��$QGUHZ�-���3DU\VRZ��3�)���DQG�0RRUH��0�0��
>,Q�SUHVV@��+LVWRULFDO�VWHP�PDSSHG�SHUPDQHQW�SORWV�LQFUHDVH�
precision of reconstructed reference conditions in ponderosa 
SLQH�IRUHVWV�RI�QRUWKHUQ�$UL]RQD��5HVWRUDWLRQ�(FRORJ\�

6FKHUHU��1RUPDQ�:��������5HODWLYH�DFFXUDF\�RI�FDOLSHUV�DQG�VWHHO�
WDSH��3URF��6RF��RI�$PHULFDQ�)RUHVWHUV����������������
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6FKXEHUW��*LOEHUW�+��������)RUW�9DOOH\�([SHULPHQWDO�)RUHVW��7H[W�RI�
VSHHFK��8QSXE��3DS��RQ�¿OH�DW�)ODJVWDII��$=��8�6��'HSDUWPHQW�
RI�$JULFXOWXUH��)RUHVW�6HUYLFH��5RFN\�0RXQWDLQ�5HVHDUFK�
6WDWLRQ��)RUW�9DOOH\�([SHULPHQWDO�)RUHVW�DUFKLYHV�����S�

6FKXEHUW��*LOEHUW�+���3HDUO��5REHUW�:���+HLGPDQQ��/�-������D��
+HUH¶V�KRZ��$�JXLGH�WR�WUHH�SODQWLQJ�LQ�WKH�VRXWKZHVW��5HV��3DS��
50�����)RUW�&ROOLQV��&2��8�6��'HSDUWPHQW�RI�$JULFXOWXUH��
)RUHVW�6HUYLFH��5RFN\�0RXQWDLQ�)RUHVW�DQG�5DQJH�([SHULPHQW�
6WDWLRQ�����S�

6FKXEHUW��*LOEHUW�+������E��3RQGHURVD�SLQH�UHJHQHUDWLRQ�SUREOHPV�
LQ�WKH�VRXWKZHVW��,Q��+HUPDQQ��5�.���HG��5HJHQHUDWLRQ�RI�
3RQGHURVD�SLQH�������6HSW���������&RUYDOOLV��25��3URF��
&RUYDOOLV��25��2UHJRQ�6WDWH�8QLYHUVLW\��6FKRRO�RI�)RUHVWU\��
1-4.

6FKXEHUW��*LOEHUW�+���+HLGPDQQ��/�-���/DUVRQ��0�0������D��
$UWL¿FLDO�UHIRUHVWDWLRQ�SUDFWLFHV�IRU�WKH�VRXWKZHVW��$JUL��+DQGE��
�����:DVKLQJWRQ��'&��8�6��'HSDUWPHQW�RI�$JULFXOWXUH��)RUHVW�
6HUYLFH�����S�

6FKXEHUW��*LOEHUW�+������D��*URZWK�UHVSRQVH�RI�HYHQ�DJHG�
ponderosa pines related to stand density levels. Journal of 
)RUHVWU\������������������

6FKXEHUW��*LOEHUW�+������E��7KH�SKHQRORJ\�RI�EULVWOHFRQH�SLQH�
RQ�WKH�6DQ�)UDQFLVFR�3HDNV�RI�$UL]RQD��-RXUQDO�RI�WKH�$UL]RQD�
$FDGHP\�RI�6FLHQFH����������������

6FKXEHUW��*LOEHUW�+���3LWFKHU��-�$��������$�SURYLVLRQDO�WUHH�VHHG�
zone and cone-crop rating system for Arizona and New Mexico. 
5HV��3DS��50������)RUW�&ROOLQV��&2��8�6��'HSDUWPHQW�RI�
$JULFXOWXUH��)RUHVW�6HUYLFH��5RFN\�0RXQWDLQ�)RUHVW�DQG�5DQJH�
([SHULPHQW�6WDWLRQ����S�

6FKXEHUW��*LOEHUW�+��������6LOYLFXOWXUH�RI�VRXWKZHVWHUQ�SRQGHURVD�
SLQH��7KH�VWDWXV�RI�RXU�NQRZOHGJH��5HV��3DS��50������)RUW�
&ROOLQV��&2��8�6��'HSDUWPHQW�RI�$JULFXOWXUH��)RUHVW�6HUYLFH��
5RFN\�0RXQWDLQ�)RUHVW�DQG�5DQJH�([SHULPHQW�6WDWLRQ�����S�

6FKXEHUW��*LOEHUW�+������D��6LOYLFXOWXULVW¶V�SRLQW�RI�YLHZ�RQ�XVH�RI�
QRQORFDO�WUHHV��*HQ��7HFK��5HS��50�����)RUW�&ROOLQV��&2��8�6��
'HSDUWPHQW�RI�$JULFXOWXUH��)RUHVW�6HUYLFH��5RFN\�0RXQWDLQ�
)RUHVW�DQG�5DQJH�([SHULPHQW�6WDWLRQ�����S�

6FKXEHUW��*LOEHUW�+���&UDZIRUG��'DUUHOO�:������"E��<LHOGV�DQG�
JXLGHV�UHODWHG�WR�VWDQG�GHQVLW\�LQ�WKH�VRXWKZHVW��8QSXE��3DS��
RQ�¿OH�DW�)ODJVWDII��$=��8�6��'HSDUWPHQW�RI�$JULFXOWXUH��
)RUHVW�6HUYLFH��5RFN\�0RXQWDLQ�5HVHDUFK�6WDWLRQ��)RUW�9DOOH\�
Experimental Forest archives. 18 p.

6FKXEHUW��*LOEHUW�+��������6LOYLFXOWXUDO�SUDFWLFHV�IRU�LQWHQVL¿HG�
IRUHVW�PDQDJHPHQW��,Q��7UHHV²WKH�UHQHZDEOH�UHVRXUFH�������
0DU��7XFVRQ��$=��3URF��5RFN\�0WQ�&RQI���������

6FKXEHUW��*LOEHUW�+��������)RUHVW�UHJHQHUDWLRQ�RI�DULG�ODQGV������
2FW�������$OEXTXHUTXH��10��:DVKLQJWRQ��'&��3URF��6RF��$PHU��
)RU��1DWO�&RQ��������

6FRWW��9LUJLO�(���3DWWRQ��'DYLG�5�������&DYLW\�QHVWLQJ�ELUGV�RI�
$UL]RQD�DQG�1HZ�0H[LFR�IRUHVWV��*HQ��7HFK��5HS��50�����)RUW�
&ROOLQV��&2��8�6��'HSDUWPHQW�RI�$JULFXOWXUH��)RUHVW�6HUYLFH��
5RFN\�0RXQWDLQ�)RUHVW�DQG�5DQJH�([SHULPHQW�6WDWLRQ�����S�

6KXSH��'RURWK\�*��������$UL]RQD¶V�IRUHVW�DUHD�DQG�WLPEHU�YROXPH��
5HV��1RWH�,17�����2JGHQ��87��8�6��'HSDUWPHQW�RI�$JULFXOWXUH��
)RUHVW�6HUYLFH��,QWHUPRXQWDLQ�)RUHVW�DQG�5DQJH�([SHULPHQW�
6WDWLRQ����S�

6LOHQ��5R\�5��:HEHU��-RKQ�&���2OVRQ��'RQDOG�/���6WHLQKRII��
5D\�-��HW�DO������"�/DWH�URWDWLRQ�WUHQGV�LQ�YDULDWLRQ�DPRQJ�
provenances in four pioneer studies of ponderosa pine (Pinus 
ponderosa 'RXJO�H[�/DZV���8QSXE��3DS��RQ�¿OH�DW�)ODJVWDII��
$=��8�6��'HSDUWPHQW�RI�$JULFXOWXUH��)RUHVW�6HUYLFH��5RFN\�

0RXQWDLQ�5HVHDUFK�6WDWLRQ��)RUW�9DOOH\�([SHULPHQWDO�)RUHVW�
DUFKLYHV�����S�

6RORPRQ��5KH\�0���)IROOLRWW��3HWHU�)���%DNHU��0DOFKXV�%���-U���
*RWWIULHG��*HUDOG�-���7KRPSVRQ��-�5��������6QRZPHOW�UXQRII�
HI¿FLHQFLHV�RQ�$UL]RQD�ZDWHUVKHGV��5HV��5HS�������7XFVRQ��$=��
8QLYHUVLW\�RI�$UL]RQD��$JULFXOWXUDO�([SHULPHQW�6WDWLRQ�����S�

6SHQFHU��-RKQ�6���-U��������$UL]RQD¶V�IRUHVWV��5HV��%XOO��,17����)RUW�
&ROOLQV��&2�DQG�2JGHQ��87��8�6��'HSDUWPHQW�RI�$JULFXOWXUH��
)RUHVW�6HUYLFH��5RFN\�0RXQWDLQ�)RUHVW�DQG�5DQJH�([SHULPHQW�
6WDWLRQ�DQG�,QWHUPRXQWDLQ�)RUHVW�DQG�5DQJH�([SHULPHQW�
6WDWLRQ�����S�

6XWWRQ��5�)���7LQXV��5�:��������5RRW�DQG�5RRW�6\VWHP�
7HUPLQRORJ\��)RUHVW�6FLHQFH�0RQRJUDSK����������S�

6]DUR��5REHUW�&���%DOGD��5XVVHOO�3��������6HOHFWLRQ�DQG�PRQLWRULQJ�
of avian indicator species: An example from a ponderosa 
SLQH�IRUHVW�LQ�WKH�VRXWKZHVW��*HQ��7HFK��5HS��50�����)RUW�
&ROOLQV��&2��8�6��'HSDUWPHQW�RI�$JULFXOWXUH��)RUHVW�6HUYLFH��
6RXWKZHVWHUQ�)RUHVW�DQG�5DQJH�([SHULPHQW�6WDWLRQ����S�

7DOERW��0�:���+LOO��5�5��������3URJUHVV�UHSRUW�RQ�WKH�UDQJH�VWXG\�
plots on the Coconino National Forest comprising a description 
RI�SURMHFW�DQG�GLJHVW�RI�GDWD��8QSXE��3DS��RQ�¿OH�DW�)ODJVWDII��
$=��8�6��'HSDUWPHQW�RI�$JULFXOWXUH��)RUHVW�6HUYLFH��5RFN\�
0RXQWDLQ�5HVHDUFK�6WDWLRQ��)RUW�9DOOH\�([SHULPHQWDO�)RUHVW�
DUFKLYHV�����S�

7DOERW��0�:��������,QGLFDWRUV�RI�VRXWKZHVWHUQ�UDQJH�FRQGLWLRQV��
)DUPHUV¶�%XOO��������:DVKLQJWRQ��'&��8�6��'HSDUWPHQW�RI�
$JULFXOWXUH�����S�

7DOERW��0�:���&URQHPLOOHU��)�3��������6RPH�RI�WKH�EHJLQQLQJV�
RI�UDQJH�PDQDJHPHQW��-RXUQDO�RI�5DQJH�0DQDJHPHQW���������
95-102.

7D\ORU��:DOWHU�3���*RUVXFK��'�0��������$�WHVW�RI�VRPH�URGHQW�DQG�
ELUG�LQÀXHQFHV�RQ�ZHVWHUQ�\HOORZ�SLQH�UHSURGXFWLRQ�DW�)RUW�
9DOOH\��)ODJVWDII��$UL]RQD��-RXUQDO�RI�0DPPDORJ\���������
��������

7KRPVRQ��:DOWHU�*��������$�JURZWK�UDWH�FODVVL¿FDWLRQ�RI�
SRQGHURVD�SLQH�DFFRUGLQJ�WR�DJH�DQG�YLJRU��8�6��'HSDUWPHQW�RI�
$JULFXOWXUH��)RUHVW�6HUYLFH�����S�

7LQXV��5LFKDUG�:���0F'RQDOG��6WHSKHQ�(��������+RZ�WR�JURZ�
WUHH�VHHGOLQJV�LQ�FRQWDLQHUV�LQ�JUHHQKRXVHV��*75�50�����)RUW�
&ROOLQV��&2��8�6��'HSDUWPHQW�RI�$JULFXOWXUH��)RUHVW�6HUYLFH��
5RFN\�0RXQWDLQ�)RUHVW�DQG�5DQJH�([SHULPHQW�6WDWLRQ������S�

7UHH�5LQJ�%XOOHWLQ�����������)ODJVWDII��$=��0XVHXP�RI�1RUWKHUQ�
$UL]RQD��7UHH�5LQJ�6RFLHW\��9RO������

7URZEULGJH��$OEHUW�+���/DZVRQ��/HRQ�/��������$EHUW�VTXLUUHO²
ponderosa pine relationships at the Fort Valley Experimental 
)RUHVW��)ODJVWDII��$UL]RQD��8QSXE��3DS��RQ�¿OH�DW�)ODJVWDII��$=��
8�6��'HSDUWPHQW�RI�$JULFXOWXUH��)RUHVW�6HUYLFH��)RUW�9DOOH\�
([SHULPHQWDO�)RUHVW�DUFKLYHV�����S�

7XUQHU��-DPHV�0���/DUVRQ��)UHGHULF�5��������&RVW�DQDO\VLV�RI�
experimental treatments on ponderosa pine watersheds. 
5HV��3DS��50������)RUW�&ROOLQV��&2��8�6��'HSDUWPHQW�RI�
$JULFXOWXUH��)RUHVW�6HUYLFH��5RFN\�0RXQWDLQ�)RUHVW�DQG�5DQJH�
([SHULPHQW�6WDWLRQ�����S�

8�6��'HSDUWPHQW�RI�$JULFXOWXUH��)RUHVW�6HUYLFH��������7KH�KLVWRU\�
RI�ZHVWHUQ�UDQJH�UHVHDUFK��$JULFXOWXUDO�+LVWRU\��������������

8�6��'HSDUWPHQW�RI�$JULFXOWXUH��)RUHVW�6HUYLFH��������)RUHVW�DQG�
UDQJH�LQÀXHQFHV�SXEOLFDWLRQV����������������S�

8�6��'HSDUWPHQW�RI�$JULFXOWXUH��)RUHVW�6HUYLFH��������5DQJH�
PDQDJHPHQW�SXEOLFDWLRQV�LVVXHG�LQ������E\�)RUHVW�6HUYLFH�
5HVHDUFK�SHUVRQQHO�DQG�FRRSHUDWRUV����S�
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8�6��'HSDUWPHQW�RI�$JULFXOWXUH��)RUHVW�6HUYLFH��������5DQJH�
plants of Arizona and New Mexico names, symbols, and 
QRWDWLRQV��)RUW�&ROOLQV��&2��8�6��'HSDUWPHQW�RI�$JULFXOWXUH��
)RUHVW�6HUYLFH��5RFN\�0RXQWDLQ�)RUHVW�DQG�5DQJH�([SHULPHQW�
6WDWLRQ�����S�

8�6��'HSDUWPHQW�RI�$JULFXOWXUH��)RUHVW�6HUYLFH��������6LOYLFXOWXUDO�
V\VWHPV�IRU�WKH�PDMRU�IRUHVW�W\SHV�RI�WKH�8QLWHG�6WDWHV��$JUL��
+DQGE�������:DVKLQJWRQ��'&��8�6��'HSDUWPHQW�RI�$JULFXOWXUH��
)RUHVW�6HUYLFH������S�

8�6��'HSDUWPHQW�RI�$JULFXOWXUH��)RUHVW�6HUYLFH������"�&XOWXUH�RI�
VRXWKZHVW�FRQLIHUV�DQG�DVSHQ��)ODJVWDII��$=��8�6��'HSDUWPHQW�
RI�$JULFXOWXUH��)RUHVW�6HUYLFH��5RFN\�0RXQWDLQ�)RUHVW�DQG�
5DQJH�([SHULPHQW�6WDWLRQ����S�

8�6��'HSDUWPHQW�RI�$JULFXOWXUH��)RUHVW�6HUYLFH��������$UL]RQD�
IRUHVW�VXUYH\�¿HOG�SURFHGXUHV��2JGHQ��87��8�6��'HSDUWPHQW�RI�
$JULFXOWXUH��)RUHVW�6HUYLFH��,QWHUPRXQWDLQ�)RUHVW�DQG�5DQJH�
([SHULPHQW�6WDWLRQ������S�

8�6��'HSDUWPHQW�RI�$JULFXOWXUH��)RUHVW�6HUYLFH��,QWHUPRXQWDLQ�
)RUHVW�DQG�5DQJH�([SHULPHQW�6WDWLRQ������S�

8�6��'HSDUWPHQW�RI�$JULFXOWXUH��)RUHVW�6HUYLFH��������
Environmental assessment for the Fort Valley ecosystem 
UHVWRUDWLRQ�SURMHFW��)ODJVWDII��$=��8�6��'HSDUWPHQW�RI�
$JULFXOWXUH��)RUHVW�6HUYLFH��&RFRQLQR�1DWLRQDO�)RUHVW������S�

8�6��'HSDUWPHQW�RI�$JULFXOWXUH��6RLO�&RQVHUYDWLRQ�6HUYLFH��������
6XPPDU\�RI�VQRZ�VXUYH\�PHDVXUHPHQWV�IRU�$UL]RQD�DQG�
SHUWLQHQW�SRUWLRQV�RI�1HZ�0H[LFR����������������S�

8UQHVV��3�-���1HII��'�-���9DKOH��-�5��������1XWULHQW�FRQWHQW�RI�
mule deer diets from ponderosa pine range. Journal of Wildlife 
0DQDJHPHQW�����������������

9LQFHQW��3DXO�<��������IPS (Tomicus��Confuscus and the effect 
of stripping on pole stands after a thinning and improvement 
FXWWLQJ�LQ�SRQGHURVD�SLQH��8QSXE��3DS��RQ�¿OH�DW�)ODJVWDII��

$=��8�6��'HSDUWPHQW�RI�$JULFXOWXUH��)RUHVW�6HUYLFH��5RFN\�
0RXQWDLQ�5HVHDUFK�6WDWLRQ��)RUW�9DOOH\�([SHULPHQWDO�)RUHVW�
archives. 6 p.

:DGVZRUWK��)UDQN�+��������&RQWURO�RI�ips beetles by the trap tree 
PHWKRG��8QSXE��3DS��RQ�¿OH�DW�)ODJVWDII��$=��8�6��'HSDUWPHQW�
RI�$JULFXOWXUH��)RUHVW�6HUYLFH��5RFN\�0RXQWDLQ�5HVHDUFK�
6WDWLRQ��)RUW�9DOOH\�([SHULPHQWDO�)RUHVW�DUFKLYHV�����S�

Wadsworth, Frank H. 1942. Value of small-crowned ponderosa 
pines in reserve stands in the southwest. Journal of Forestry. 
����������������

:DGVZRUWK��)UDQN�+���3HDUVRQ��*�$��������*URZWK�	�PRUWDOLW\�
in a virgin stand of ponderosa pine compared with a cut-
RYHU�VWDQG��5HV��5HS�����7XFVRQ��$=��8�6��'HSDUWPHQW�RI�
$JULFXOWXUH��)RUHVW�6HUYLFH��6RXWKZHVWHUQ�)RUHVW�DQG�5DQJH�
([SHULPHQW�6WDWLRQ�����S�

:DGVZRUWK��)UDQN�+������E��/LJKWQLQJ�GDPDJH�WR�SRQGHURVD�SLQH�
VWDQGV�RI�QRUWKHUQ�$UL]RQD��-RXUQDO�RI�)RUHVWU\�����������������

Wales, H. Basil. 1916. The probable rate of growth of western 
yellow pine in cut over areas, as indicated by sample plot 
VWXGLHV��6FKRRO�XQNQRZQ�����S��7KHVLV�

:ROOXP��$�*���,,��6FKXEHUW��*LOEHUW�+��������'LYLVLRQ�6���IRUHVW�
and range soils—Effect of thinning on the foliage and forest 
ÀRRU�SURSHUWLHV�RI�SRQGHURVD�SLQH�VWDQGV��3URF��6RLO�6FL��6RF��
$P�����������������

:RROVH\��7KHRGRUH�6���-U��������7KH�&RFRQLQR�5DQJHU�6FKRRO��
)RUHVW�4XDUWHUO\�������������

:RROVH\��7KHRGRUH�6���-U��������:HVWHUQ�\HOORZ�SLQH�LQ�$UL]RQD�
DQG�1HZ�0H[LFR��%XOO������:DVKLQJWRQ��'&��8�6��'HSDUWPHQW�
RI�$JULFXOWXUH��)RUHVW�6HUYLFH�����S�

:RROVH\��7KHRGRUH�6���-U��������3HUPDQHQW�VDPSOH�SORWV��)RUHVW�
4XDUWHUO\������������
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