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a b s t r a c t

The Fort Valley Experiment Station (now Fort Valley Experimental Forest) has contributed many long-
term studies to forest research. This paper focuses on a “Methods of Cutting” study initiated in 1913 on
the Coulter Ranch Unit of Fort Valley and how that long-term study yielded important ecological and
management lessons. We quantified the historical and contemporary forest patterns at this ponderosa
pine–Gambel oak site, which was harvested using three different harvesting systems in 1913 (seed tree,
group selection, and light selection) and was partially excluded from livestock browsing in 1919. Using
nine historically stem-mapped permanent plots for the following three stand structural scenarios: 1913
pre-harvest (modeled), post-harvest (actual), and 2003–2006 (actual) conditions, we examined the short-
and long-term consequences of harvest and livestock grazing land-use and stand dynamics. We assessed
changes in spatial pattern under each harvesting system and in each structural scenario, and lastly, we
examined spatial and temporal tree recruitment patterns as observed in the contemporary (2003–2006)
conditions. The seed tree harvests effectively converted the spatial patterns from aggregated to random
and left few trees, while the group selection and light selection had varying effects, but consistently
exaggerated the spatial patchiness of the stand. By 2003–2006, all plots were aggregated at all scales
and were one large patch of predominately small trees. Sites that were harvested, but excluded from
livestock browsing had 40% more trees in 2003–2006. Contemporary recruitment patterns were signifi-
cantly aggregated under all harvesting systems, but were most strongly aggregated if the site received a
group selection or light selection cut. For group and light selection, pine seedlings initially established in
stump patches created by harvesting and then proceeded to fill-in the remaining area, with recruitment
rarely found under the residual pine or oak trees. Long-term data sets, such as these established by the
Fort Valley Experimental Forest in 1913, are essential for quantifying the impact of historical land-use
practices on contemporary forest composition and structure. Ignoring land-use legacies may lead to the
misinterpretation of stand dynamics and development, and therefore should be explicitly quantified and
incorporated into future management and restoration activities.
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1. Introduction

The Fort Valley Experiment Station (now Fort Valley Experi-
mental Forest; FVEF) has contributed many long-term studies and
ecological lessons to forest research as the USFS first experimen-
tal station in the nation (Olberding, 2002). In 1908, the station
was established in the ponderosa pine forests of northern Ari-
zona with its initial focus on silvicultural research. G.A. Pearson,
first director of Fort Valley, and his team of scientists conducted
pioneering research on natural and artificial regeneration, stand
improvement, individual tree and stand dynamics, and they initi-
ated one of the first studies to determine the factors that controlled
and limited the distribution of tree species. Many of these early
studies are described in detail in “Fort Valley Experimental Forest
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– A Century of Research 1908–2008” (Olberding and Moore, 2008;
http://www.fs.fed.us/rm/pubs/rmrs p053.html).

For this paper, we focused on one case study from Fort Valley
that exemplifies how long-term studies yield important ecological
and management lessons. The case study experiment was initiated
in 1913 on the Coulter Ranch section of FVEF. The original purpose
of the study was to determine the effects of harvesting meth-
ods on tree regeneration and growth in a ponderosa pine–Gambel
oak (Pinus ponderosa var. scopulorum Dougl. ex Laws.–Quercus
gambelii Nutt.) forest. The experiment was part of the nation-
wide ‘Methods of Cutting’ study that examined the feasibility
of seed tree, group selection, and light selection regeneration
harvests. We determined the effects of these three silvicultural har-
vest treatments and livestock browsing on historical (1913) and
contemporary (2003–2006) stand density, tree size, and spatial
patterns.

The initial settlement of the Southwest by Euro-Americans (circa
1880s) markedly changed forest structure through intensive log-
ging, livestock grazing and fire suppression, as well as indirectly
through fire exclusion (Fulé et al., 1997; Allen et al., 2002; Moore
et al., 2004; Cocke et al., 2005). These legacies of past land-use prac-
tices, or land-use legacies (a.k.a. site history or disturbance history),
may influence forest structure and function for decades to centuries
(Foster et al., 2003). Scientists and managers recognize the impor-
tance of land-use legacies, but only when we quantify the impact
of these past activities can we use that information to understand
contemporary or future conditions.

Land-use legacies commonly persist for many decades within
ecosystems, including ponderosa pine forests, and have been
shown to influence contemporary conditions (e.g., Christensen,
1989; Fulé et al., 1997; Foster et al., 2003; Youngblood et al.,
2004; Moore et al., 2004). An understanding of disturbance his-
tory and vegetation change provides a context for ecological studies
(Christensen, 1989; Pickett et al., 1997), a basis for natural resource
management and planning (Moore et al., 1999; Swetnam et al.,
1999; Egan and Howell, 2001), and is essential in restoration mod-
eling (e.g., Covington et al., 2001). Contemporary management
practices in southwestern ponderosa pine ecosystems must con-
sider the historical context under which current forest structure
developed and the subsequent influences of early silviculture and
land management practices. Few studies have been able to iso-
late effects of harvest history on ponderosa pine stand dynamics
and only a few have examined their influence on spatial pattern
(Cooper, 1961; White, 1985; Biondi et al., 1994; Sánchez Meador
et al., 2009, 2010).

We investigated how historical land management practices, or
land-use legacies, have influenced the forest structure over a 93-
year period on a long-term silviculture research site in northern
Arizona. The study site is representative of ponderosa pine–Gambel
oak forests found throughout northern Arizona, but is unusual in
that different harvesting systems were applied when the study
began in 1913. This dataset provides a unique opportunity to
examine the interactions of historical (1913) harvesting methods,
livestock use, and long-term (1913–2006) dynamics on forest struc-
ture and spatial pattern.

Our study addressed five questions: (1) how might forest struc-
ture have looked in the absence of seed tree, group selection and
light selection harvesting in 1913 on a ponderosa pine–Gambel oak
site in northern Arizona? (2) How did each harvesting system affect
stand characteristics and spatial patterns over the short-term (as
observed in 1913 following harvest)? (3) How did stand character-
istics and spatial patterns change over the long-term (as observed
in 2003–2006)? (4) How did the stand structural patterns result-
ing from harvesting and livestock use (specifically sheep browsing)
influence the recruitment of subsequent ponderosa pine cohorts
across the site and within each of the three harvesting systems?

(5) Where did recruitment occur with respect to unharvested pine
and oak trees, pine stumps, and natural grass openings?

2. Methods

2.1. Study site

This study was conducted on a 162-ha site, located 21 km south
of Flagstaff, Arizona on the Coconino National Forest (Fig. 1); lati-
tude 35◦0.91′N, longitude 111◦36.26′W. Mean annual temperature
is 7.9 ◦C and average annual precipitation at the Fort Valley Exper-
iment Forest (FVEF) weather station is 502.9 mm. Precipitation
follows a monsoonal pattern with half falling as rain in July and
August, and half as snow in the winter (Sellers and Hill, 1974). Ele-
vations range from 2240 to 2300 m and the study area has a gently
rolling topography. The lowest elevations bisect the center of the
site, providing both northerly and southerly aspects. Soils, derived
from Tertiary basalt flows and cinders, are classified as a complex
of fine, smectitic Typic Argiborolls, Lithic Eutroboralfs, and Mol-
lic Eutroboralfs, primarily with clay loam and stony clay textures.
The site is within vegetation units (Terrestrial Ecosystem Units 582,
585, and 586) that collectively comprise over 109,000 ha (14%) of
the Coconino National Forest (Miller et al., 1995). Ponderosa pine
and Gambel oak are the dominant trees, with scattered New Mexi-
can locust (Robinia neomexicana Gray) thickets and single alligator
juniper (Juniperus deppeana Steud.) stems occurring throughout the
study area.

2.2. Project history of Coulter Ranch

This research was initiated in 1913 on the Coulter Ranch section
of FVEF (a.k.a. S5 Unit or COCS5). The site had not been harvested
prior to the experiment initiation. The main objectives of the orig-
inal study were to determine the amount of tree canopy cover
needed to adequately shelter young trees from the sun and desicca-
tion, as well as quantify effects of harvesting methods on advanced
regeneration, new seedling establishment, and residual tree growth
(Krauch, 1926, 1933, 1934, 1937; Lexen, 1939; Pearson, 1923, 1944,
1950). This “Methods of Cutting” (Krauch, 1916) was established by
Hermann Krauch (FVEF Forest Examiner) and C.F. Korstian (FVEF
Silviculturist), who initially divided the site into three harvesting
systems: seed tree (61 ha), group selection (56 ha), and light selec-
tion (45 ha and originally called “Shelterwood”). The objectives of
the seed tree system, an even-aged harvesting system, were to
leave 8–10 trees ha−1 uniformly distributed across the site as a seed
source and the removal of 80% of the sawtimber volume. The two
uneven-aged harvesting systems, group selection and light selec-
tion, were established in accordance with the historical harvesting
practices in the southwestern region and targeted the removal of
70 and 50% of the volume, respectively (Krauch, 1916). The site was
harvested by the Flagstaff Lumber Manufacturing Company in the
summer and fall of 1913.

In 1913, 7 permanent plots were established within each har-
vesting system for a total of 21 plots, which were remeasured every
5 years until 1943. These scientists/foresters found that the seed
tree method had the fewest tree seedlings after the initial harvest
in 1913, but by 1942, the seed tree method had the best reproduc-
tion. Interestingly, Schubert (1974) said that the seed tree method
was used successfully at Coulter Ranch because 1913 was a heavy
seed year, but no other successes were reported. Diameter growth
declined in the Coulter Ranch plots from 1913 to 1943 (Pearson,
1950). Thirty years after cutting, a large proportion of trees made
no growth or grew less than 1 in. in diameter. Trees in the scattered
seed tree cutting, where the heaviest volume was removed, had the
greatest initial diameter growth. Yet increment per acre was low in
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