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RESTORING BARRENS SHRUBLANDS: DECREASING FIRE
HAZARD AND IMPROVING RARE PLANT HABITAT
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University of Massachusetts, Department of Natural Resources Conservation, 214 Holdsworth Natural Resources Center,
Amherst, MA 01003, USA

ABSTRACT

The coastal sandplain of southeastern New England is characterized by a complex of xeric, fire-prone shrubland and open woodland
communities. Also known as barrens, these landscapes supported frequent fires until recently when suppression efforts became effective.
Currently, shrubland components are increasingly being lost through succession to closed woodlands. Within our study area—the
Manuel F. Correllus State Forest (MFCSF) on the island of Martha’s Vineyard—heathlands and scrub oak (bear oak [Quercus ilicifolia]
and dwarf chinkapin oak [Q. prinoides]) shrublands are declining while oak (Quercus spp.) woodlands (and less frequently pitch pine
[Pinus rigida] forests) increase in area.

The MFCSF, with 11 rare plant species, has one of the highest concentrations of rare plants in the coastal region. Our goal was
to determine if management (including thinning, brushcutting, grazing, pile burning, and broadcast prescribed burning) can be used
both to reduce fire hazard and create rare plant habitat. Species composition was largely unchanged by treatments, as many species
resprouted. However, following fuel treatments, new occurrences of two rare species and several grassland-associated species were
found where bare soil was created. Grassland associates colonized plots with lower duff depths and greater lichen cover than plots
lacking these species. Grazing increased establishment of nonnative species, although most did not persist past the first growing season.

Treatments reduced fine (1- and 10-h time lag) fuel loads �50% from averages of 32 t/ha and 23 t/ha in scrub oak and pitch
pine, respectively. In scrub oak, treatments reduced shrub fuel depths �75% (from 1.3 to 0.3 m). In untreated plots (under moderate
midflame wind speeds of 5.8 km/h and humidities of 65%), rates of spread of research burns were �4.6 m/min and flame lengths
were �2 m. Under similar burning conditions in treated plots, flame lengths were �0.6 m and rates of spread �2.1 m/min. Initial
results suggest that treatments created rare plant habitat and reduced fire hazard without adversely impacting native shrub communities.
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INTRODUCTION

In the northeastern United States, open, early seral
communities are rare and declining in size and number
(Noss et al. 1995, Motzkin and Foster 2002). Most
occur in sandplains with level topography and coarse-
textured soils. They support a variety of plant com-
munities, including grasslands, heathlands, shrublands,
oak (Quercus spp.) savannas, and pitch pine (Pinus
rigida)–scrub oak (bear oak [Quercus ilicifolia] and
dwarf chinkapin oak [Q. prinoides]) barrens (Gold-
stein 1997). Sandplain soils, for the most part derived
from outwash left by retreating ice of the Wisconsin
glacial stage, are well drained and nutrient poor. The
unique physical and phytosociological characteristics
of sandplains combine to create ecosystems that are
globally rare. Often referred to as barrens, they pro-
vide habitat for numerous rare plant and animal spe-
cies, making them the focus of conservation efforts
(Noss et al. 1995, Barbour et al. 1998, Massachusetts
Natural Heritage and Endangered Species Program
2001, Wagner et al. 2003).

Barrens vegetation produces abundant, flammable
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fuel that decomposes slowly, creating the potential for
intense wildfires. Sandplains are preferred sites for
housing and light industry, which increases the need
for fuels management to reduce wildfire threat to hu-
man resources. Fuel breaks (areas with reduced fuels)
have been created and maintained at barrens sites in
Massachusetts, using a variety of techniques including
thinning, mowing, grazing, plowing, and, to a limited
extent, prescribed burning. In some areas, such as the
Manuel F. Correllus State Forest on the island of Mar-
tha’s Vineyard, these fuel breaks are dominated by
grassland vegetation and currently support populations
of state-listed rare plants. However some consider
these fuel breaks to be unnatural because of the plow-
ing and mowing required for their creation and main-
tenance. Alternative management practices that do not
create grasslands might be used to reduce fuels and
maintain open sandplain habitats more typical of nat-
ural conditions (Foster and Motzkin 1999).

In 2002, we began a 3-y study of alternative meth-
ods for fuel break maintenance and expansion, includ-
ing overstory thinning, understory mowing and graz-
ing, and prescribed burning (Patterson et al. 2005). To
determine the effects of different management options
on rare plant habitat and to demonstrate the extent to
which alternative management techniques affect fuel
beds and fire behavior in the three major sandplain
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Fig. 1. Location of Martha’s Vineyard on Massachusetts’ south
coast.

Table 1. Rare plants evaluated in the Manuel F. Correllus
State Forest, Martha’s Vineyard, Massachusetts, 2002–2004.

Species State status

Purple needle-grass (Aristida purpurascens) Threatened
Sandplain flax (Linum intercursum) Special concern
Lion’s foot (Nabalus serpentarius) Endangered
Papillose nut-sedge (Scleria pauciflora var. car-

oliniana) Endangered
Sandplain blue-eyed grass (Sisyrinchium fusca-

tum) Special concern

vegetation types—pitch pine, oak woodland, and scrub
oak—we established 27 experimental treatment plots
in which we compared vegetation composition, fuel
bed characteristics, and prescribed fire behavior in
treated and untreated plots.

STUDY AREA

One of the largest undeveloped sandplains in Mas-
sachusetts was in the Manuel F. Correllus State Forest,
located at the center of the 256-km2 island of Martha’s
Vineyard—9.6 km south of Cape Cod (41�23�N,
70�39�W; Figure 1). Nearly 1,670 ha of barrens veg-
etation remained in an area recognized as critical hab-
itat for several plant species that were rare in New
England (Table 1). One of these—sandplain gerardia
(Agalinis acuta)—is federally endangered. More than
20 rare moths (Lepidoptera) were also recorded for the
forest. Some of these rare moth species represented the
only New England populations ever recorded and may
be disjunct populations of prairie species that were
more common in the Midwest (Goldstein 1997, Mehr-
hoff 1997).

The state forest was underlain by highly permeable
soils derived from outwash and morainal deposits
(Fletcher and Roffinoli 1986). Topography of the area
was relatively flat, with the elevation not varying more
than 12.2 m. Slopes were generally �5%. The climate
of the island was humid continental, with average
monthly precipitation ranging from a high of 12 cm in

November to a low of 7.4 cm in July (Stormfax 2005).
Humidity was typically high and temperatures were
moderated by the surrounding sea. Days with low hu-
midities occurred in the spring, often with high winds
(Mouw 2002).

The earliest quantitative description of the forest’s
vegetation was from interpretation of aerial photos tak-
en in the 1930s, more than 250 y after European col-
onization (Mouw 2002). In the early 20th century, the
area was dominated by immature tree and shrub
oaks—the product of many decades of cutting and
wildfire (Foster and Motzkin 1999). Only in the past
5 decades have efforts to suppress fires been effective.
The modern fire regime is characterized by small (gen-
erally �4 ha [10 acres]; infrequently �45 ha [100
acres]) fires with return intervals of a decade or longer
(Mouw 2002). The most abundant vegetation types on
the forest were scrub oak (29% of the forest), oak
woodlands (26%), mixed-oak woodland–scrub oak
(17%), and plantations (16%) (Mouw 2002). Pitch
pine stands composed �5% of the vegetation. The re-
maining approximately 7% of the forest was grass-
lands and heathlands on a grid of firelanes, which dis-
sected the forest into blocks generally 0.8 km (0.5 mi)
on a side (Clarke and Patterson 2007). These firelanes
were established in the early 20th century in an initial
attempt to break up fuels and prevent the spread of
fires to the private land surrounding the forest (Foster
and Motzkin 1999, Mouw 2002). Originally referred
to as fuel breaks, we describe them as firelanes to ac-
knowledge that they are not wide enough (generally
�30–60 m) to stop a running headfire. They do, how-
ever, improve access for suppression crews.

METHODS

Southwest Experimental Fuel Break

We established a fuel break in the southwest cor-
ner of the forest, and within this fuel break established
plots on which different fuels management techniques
were applied (Figure 2). Our goal was to evaluate the
effects of different management practices on fuel bed
characteristics, fire behavior, and vegetation. Simula-
tions showed that fires ignited in this area have the
greatest potential to burn large areas under worst-case
conditions (Mouw 2002). Fires burning with a south-
west wind can run for 1.6 km or more through largely
untreated fuels before reaching the northern boundary
of the forest. The 152-m (500-foot) wide and nearly
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Fig. 2. Layout of 27 40 � 40-m experimental fuel treatment plots in three vegetation types (oak woodland, pitch pine, and scrub
oak) in the southwest corner of the Manuel F. Correllus State Forest on Martha’s Vineyard, Massachusetts, 2002–2004. Vegetation
types are as described by Mouw (2002). See Table 2 for individual plot treatments. Map prepared by Dustin Parker.

3.2-km (2-mi)-long fuel break includes stands of oak
woodland, scrub oak, and pitch pine.

Treatments

Within the fuel break, treatment plots to evaluate
the effectiveness of different fuel management tech-
niques were created in three fuel types (pitch pine, oak
woodland, and scrub oak) with three treatment com-
binations (overstory thinning [pitch pine] and under-
story mowing and/or sheep grazing, plus untreated
controls) replicated three times per fuel type, for a total
of 27 plots (see Table 2 for details). Fuel types were
distinguished by canopy cover (pitch pine: �25%
pitch pine, �25% tree oak; oak woodland: oaks dom-
inant with �5% other species and �25% tree cover;
scrub oak: �25% tree cover). Treatments were located
on replicated, 45 � 45-m (0.2-ha [0.5-acre]) plots.

Following treatments, all 27 plots were burned be-
tween 29 April and 7 May 2004 to document differ-
ences in fire behavior between treated and untreated
conditions. To complete the experimental fuel break
and facilitate burning the treatment plots, the area

around the plots and within the fuel break was also
burned during February–March 2004.

Vegetation Sampling

We sampled all treatment plots with relevés be-
tween early July and mid-August 2002, prior to ap-
plication of treatments. In 2003, relevé sampling was
repeated in plots where treatments had occurred.
Mow–graze plots were sampled twice: just before and
just after grazing. At the end of the final (2004) field
season, all treatment plots were resampled. Surveys for
rare plant species were conducted on individual treat-
ment plots and throughout the entire experimental fuel
break at the beginning (2002) and end (2004) of the
study.

To illustrate the extent and direction of vegetation
change following treatments, nonmetric multidimen-
sional scaling ordination was conducted using PC-
ORD 4.0 (McCune 1993) with Sorensen’s distance
measure. Importance values (Clark and Patterson
1985) were calculated for each species from abun-
dance values across strata. Species occurring in fewer
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Table 2. Treatment history for individual plots (9 per cover type; 27 total), showing month(s) of treatment in parentheses, Manuel F.
Correllus State Forest, Martha’s Vineyard, Massachusetts, 2002–2004.

Cover type Treatment Plot no.

Treatment

2002 2003 2004

Pitch pine Control 1,5,9 None None Burn (Apr, May)
Thin–mow 2,3,7 Thin (Jul)–mow (Jul) None Burn (May)
Thin–pile burna 4,6 None Thin (Aug)–pile burn (Jan, Feb) Burn (May)
Thin–graze–pile burna 8 Thin(Jul)–graze (Aug) Pile burn (Jan, Feb) Burn (May)

Oak woodland Control 2,7,8 None None Burn (Apr)
Mow–graze 1,5,9 Mow (Jul) Graze (Jun, Jul, Aug) Burn (Apr)
Mow 3,4,6 Mow (Jul) None Burn (Apr)

Scrub oak Control 4,5,8 None None Burn (May)
Mow–graze 1,2,9 Mow (Jul)–graze (Aug, Sep) Graze (Sep) Burn (May)
Mow 3,6,7 Mow (Jul) None Burn (Apr, May)

a Grazing on pitch pine plots was abandoned after one unsuccessful season on pitch pine plot no. 8.

than two plots were removed from the data set prior
to analysis. Two-sample tests of variances and t-tests
were run in SAS 9.1 (SAS Institute 2004) to evaluate
the effects of treatments on environmental variables.

Rare Plant Habitat Sampling

Rare plants were surveyed throughout the forest.
Relevé (Mueller-Dombois and Ellenberg 2002) sam-
pling and sampling for environmental variables (point-
intercept sampling for ground cover and vegetation
structure) were conducted on 100-m2 plots where rare
plant species were found (Clarke and Patterson 2007).
Sampling was also conducted on 100-m2 plots at ran-
domly located points in each of the five native cover
types identified by Mouw (2002): pitch pine, oak
woodland, oak woodland–scrub oak, scrub oak, and
grassland. A total of 64 random plots off of firelanes
and 54 within firelanes were sampled in 2003 and
2004. This effort allowed us to determine which spe-
cies and habitat variables were most likely associated
with rare plants. Systematic searches were also made
within the entire experimental fuel break and within
each of the 27 0.2-ha treatment plots during late sum-
mer 2004, after all treatments had been applied.

Fuels and Fire Behavior

Fuels on all treatment plots were sampled at the
outset during summer 2002 and after mechanical treat-
ments during summer 2003. All plots, including con-
trols, were sampled prior to burning in spring 2004
and again in August 2004. Sampling within plots in-
cluded downed woody fuel lines (Brown 1974), point-
intercept lines for vegetation and ground cover, canopy
cover (spherical densiometer), tallies of scrub oak
stems (by 0.25-cm-basal-diameter classes) on 1-m2

subplots (omitted in spring of 2004). Litter, downed
wood, and live and dead standing fuels were harvested
from 1,600-cm2 subplots. One-hour time-lag fuels
(those �0.6 cm diameter) were manually separated
from 10-h fuels (those 0.6–2.5 cm diameter).

Rates of spread and flame lengths were estimated
by comparisons with 1.3-m-tall reference poles and
video-recorded several times on each treatment plot
during all prescribed burns. BehavePlus (Andrews et
al. 2005) was used to develop custom fuel models for

each vegetation–treatment combination using fuel
measurements from individual plots, averaged across
replicates of treatment types within vegetation types
(see www.umass.edu/nrc/nebarrensfuels/ for data sum-
marization techniques). Time-of-burn wind speed and
fuel moisture data were used with custom fuel models
(CFMs) to predict fire behavior in each plot using
NEXUS (Scott 1999). Pearson’s product–moment cor-
relations (Sokal and Rohlf 1995) were used to compare
predicted and observed flame lengths and rates of
spread on representative plots for each fuel type–treat-
ment combination.

RESULTS

Treatment Response

For the 27 treatment plots within the experimental
fuel break, ordination (Figure 3) readily distinguished
the three main vegetation–fuel types: oak woodland,
scrub oak, and pitch pine. Although the treatments al-
tered the structure of vegetation on the plots, changes
did not warrant their reclassification to a different veg-
etation type. A number of plots shifted with mechan-
ical treatments, especially those in pitch pine, toward
increased importance of grassland associates (which
have high axis 1 and intermediate axis 2 scores on
Figure 3). Treatments did not substantially alter overall
species composition; most species on these plots re-
sprouted, and by 2004 many had importance values
that equaled or exceeded pretreatment values. How-
ever, a number of grassland associates colonized ex-
perimental plots, especially in scrub oak and pitch pine
(Table 3)—in the latter especially where bare soil was
exposed by machinery and/or pile-burning. Those
plots colonized by more grassland associates shifted
farther to the right along axis 1 in the ordination (e.g.,
PP8; Figure 3). Several nonnative grass species (e.g.,
common velvetgrass [Holcus lanatus], timothy
[Phleum pratense]; Patterson et al. 2005) were intro-
duced in grazed plots (particularly in the first plot
grazed each season), but few persisted past the first
growing season.

Treatments minimally impacted duff depths but
generally reduced average litter depth (significantly in
scrub oak mow–graze and all pitch pine plots). How-
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Fig. 3. Ordination (nonmetric multidimensional scaling) of 27 experimental fuel treatment plots in space defined by species abun-
dances (importance values) in 2002 and 2004 (arrows point toward the latter), Manuel F. Correllus State Forest on Martha’s Vineyard,
Massachusetts, 2002–2004. Grassland-associated species have high axis 1 scores and intermediate axis 2 scores. Treatments gen-
erally shifted scrub oak (SO) and pitch pine (PP) plots toward increasing importance of grassland associates, with no consistent trends
identified in the movement of oak woodland (OW) plots.

ever, treatments often resulted in significant increases
in litter load due to the addition of shredded shrub
stems to the litter layer.

Rare Plants

In searches throughout the forest, rare plants were
only found in disturbed areas, either in firelanes or
along paths where frequent disturbance occurs. How-
ever, grassland associates, which occurred often
(�80% frequency of occurrence) in firelane plots and
rarely in woodland and shrubland plots (�10% fre-
quency of occurrence), were found, where they did
occur in woodlands–shrublands, in association with
significantly lower duff depth and higher lichen cover
than is typically found on woodland and shrubland
plots (Clarke and Patterson 2007). These grass and
herb species occurred occasionally in plots character-
ized as oak woodland–scrub oak (3 of 29 plots), pitch
pine (2 of 15 plots), and oak woodland (1 of 12 plots),
and frequently in scrub oak (4 of 7 plots).

During pre-treatment sampling within the experi-
mental fuel break, only one stem of one rare plant
species (sandplain blue-eyed grass [Sisyrinchium fus-
catum]) was found along a bridle path. Following
treatments, papillose nut-sedge (Scleria pauciflora var.

caroliniana) established at two sites in areas where
bare soil was exposed by machinery, and lion’s foot
(Nabalus serpentarius) was found in a scrub oak stand
that had been mowed and burned.

Treatments affected environmental variables in
ways that might be interpreted as being favorable to
rare plants. Vegetative (canopy) cover �0.5 m in
height in scrub oak plots was equivalent to that found
on rare plant plots prior to, and was further reduced
by, treatments (Table 4). Canopy cover was signifi-
cantly higher in pitch pine and oak woodland plots
(Tables 5, 6) than in rare plant plots both before and
after treatments, despite a significant reduction in cov-
er following thinning in pitch pine plots. Litter depths
were reduced by treatments in all three vegetation
types (Tables 4–6), although duff depths remained sig-
nificantly higher than in rare plant plots (Figure 4).

Fuels and Fire Behavior

In the first and second growing seasons after treat-
ments, shrub fuel loads were generally reduced to
�50% of pretreatment levels, and shrub heights to
�25% (Figure 5). Shrub heights in oak woodland plots
were more heterogeneous because mowing was inten-
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Table 3. Number of research plots by treatment and vegetation type in which grassland-associated species established following
treatments, Manuel F. Correllus State Forest, Martha’s Vineyard, Massachusetts, 2002–2004. Treatments are control (C), thin (T),
mow (M), graze (G), and pile burn (P). In addition, all plots were broadcast burned in April–May 2004. Number of burn piles indicates
the number of burn piles the species was found to have established within (out of 24). No grassland associates established in oak
woodland–mow, pitch pine–control, or in scrub oak–control.

Species
No. of burn

piles

Oak woodland

C MG

Pitch pine

TP TM

Scrub oak

M MG

Bentgrass (Agrostis sp.) 1 1 3
Pearly everlasting (Anaphalis margaritacea) 1 1
Late purple aster (Aster patens) 1
Showy aster (Aster spectabilis) 1
Poverty grass (Danthonia spicata) 1 1
Common hairgrass (Deschampsia flexuosa) 3 1
Poverty panic grass (Dichanthelium depauperatum) 1 1 2 3 3 2 3
Cypress panic grass (Dichanthelium dichotomum) 4 2 2
Slender or grass-leaved goldenrod (Euthamia sp.) 1 1 1
Fescue (Festuca sp.) 1
Frostweed (Helianthemum sp.) 4 1 2 2
Pineweed (Hypericum gentianoides) 1 1
Pinweed (Lechea minor) 2 3 2 1 1
Bush-clover (Lespedeza sp.) 1
Whorled loosestrife (Lysimachia quadrifolia) 2 2 2 2 1 2
Nuttall’s milkwort (Polygala nuttallii) 1
Cinquefoil (Potentilla sp.) 1 1
Little bluestem (Schizachyrium scoparium) 2 1
Sweet goldenrod (Solidago odora) 1 2
Downy goldenrod (Solidago puberula) 2
Rough-stemmed goldenrod (Solidago rugosa) 1 1 1
Birdfoot violet (Viola pedata) 1

Table 4. Environmental variables sampled in scrub oak treatment plots and rare plant plots containing any of five rare plant species
with averages and confidence interval half-widths (P � 0.05), Manuel F. Correllus State Forest, Martha’s Vineyard, Massachusetts,
2002–2004. Pre-treatment values are for plots sampled in 2002 and treatment values are for plots sampled in the spring of 2004,
after treatments but before prescribed burns. Plot means for each variable that are not significantly different are followed by the same
letter (t-test).

Variable

Treatment plots

Pre-treatment Post-mow Post-mow/graze Rare plant plots

Litter depth (cm) 7 � 2a 2 � 0b 2 � 3b 1 � 0b
Bare soil cover (%) 1 � 1a 0 � 1a 1 � 2a 10 � 5b
Grass cover (%) 1 � 2a 3 � 11a 2 � 3a 58 � 7b
Herb cover (%) 0 � 1a 0 � 1a 0 � 0a 22 � 4b
Woody cover (%) 98 � 1a 73 � 12b 68 � 13b 39 � 6c
Vegetation cover �0.5 m (%) 15 � 15b 10 � 30b 5 � 20b 20 � 5b

tionally done in patches (Figure 5). Prior to treatments,
scrub oak had higher 1- and 10-h fuel loads (32 t/ha)
than pitch pine (24 t/ha) or oak woodland (23 t/ha).
Reductions in fuel loads with treatments were gener-
ally greatest in scrub oak where shrub loads were re-
duced to approximately 30% of pre-treatment values
in mowed plots and to 10% in mow–graze plots. Litter
loads generally increased with treatment, frequently by
�10%, whereas litter depths generally decreased (with
significant decreases in scrub oak and pitch pine plots
[Tables 4, 5]), reflecting the compaction of litter by
treatments.

Without treatment, observed fire behavior was ex-
treme (Figures 6, 7). With moderate weather condi-
tions (average wind speeds of 5.8 km/h [3.6 mi/h] and
average relative humidity of 65%), flame lengths av-
eraged 2.5 m (8.2 ft) and rates of spread �5.8 m/min
(19 ft/min). In all three cover types following treat-
ments, flame lengths averaged �0.5 m (1.6 ft) and
rates of spread �1 m/min (3.3 ft/min). Differences be-

tween treatments were small. Many treated plots did
not burn completely (Table 7) because treatments re-
duced the horizontal continuity of fuels.

Custom fuel models run in NEXUS with weather
data collected at the time of prescribed burns predicted
fire behavior similar to that observed, with nearly 1:1
correlations between observed and predicted values
(flame lengths, r � 0.90; rates of spread, r � 0.95
[Figures 6, 7]). Observed flame lengths were generally
somewhat lower than predicted except in scrub oak (all
treatments) and pitch pine (thin–mow), where they
were somewhat higher. Rates of spread were generally
somewhat underpredicted, except in treated oak wood-
lands.

DISCUSSION
Impacts of Management on Rare Plant Habitat

The colonization of grassland associates (and in a
few cases rare species) in experimental plots following
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Table 5. Environmental variables sampled in pitch pine treatment plots and rare plant plots containing any of five rare plant species
with averages and confidence interval half-widths (P � 0.05), Manuel F. Correllus State Forest, Martha’s Vineyard, Massachusetts,
2002–2004. Pre-treatment values are for plots sampled in 2002 and treatment values are for plots sampled in the spring of 2004,
after treatments but before prescribed burns. Plot means for each variable that are not significantly different are followed by the same
letter (t-test).

Variable

Treatment plots

Pre-treatment Post-thin/mow Post-thin/pile burn Rare plant plots

Litter depth (cm) 11 � 3a 3 � 3b 4 � 2b 1 � 0b
Bare soil cover (%) 0 � 1a 0 � 0a 1 � 3a 10 � 5b
Grass cover (%) 0 � 0a 0 � 0a 1 � 6a 58 � 7b
Herb cover (%) 0 � 0a 0 � 0a 0 � 1a 22 � 4b
Woody cover (%) 99 � 2a 58 � 11b 57 � 34bc 39 � 6c
Vegetation cover �0.5 m (%) 65 � 10a 50 � 20a 50 � 20a 20 � 5b

Table 6. Environmental variables sampled in oak woodland treatment plots and rare plant plots containing any of five rare plant
species with averages and confidence interval half-widths (P � 0.05), Manuel F. Correllus State Forest, Martha’s Vineyard, Massa-
chusetts, 2002–2004. Pre-treatment values are for plots sampled in 2002 and treatment values are for plots sampled in the spring of
2004, after treatments but before prescribed burns. Plot means for each variable that are not significantly different are followed by the
same letter (t-test).

Variable

Treatment plots

Pre-treatment Post-mow Post-mow–graze Rare plant plots

Litter depth (cm) 6 � 2a 3 � 2ab 2 � 1b 1 � 0b
Bare soil cover (%) 0 � 0a 0 � 0a 0 � 0a 10 � 5b
Grass cover (%) 0 � 0a 0 � 1a 0 � 0a 58 � 7b
Herb cover (%) 0 � 0a 0 � 0a 0 � 0a 22 � 4b
Woody cover (%) 99 � 1a 88 � 7b 83 � 25ab 39 � 6c
Vegetation cover �0.5 m (%) 52 � 8a 66 � 18a 54 � 8a 20 � 5b

treatments suggests that fuel reduction treatments im-
proved habitat for rare plants. Establishment of some
species, including the rare papillose nut-sedge, was ap-
parently dependant on the exposure of mineral soil.
Deep organic layers may prevent germination of gra-
minoid and herbaceous seed, and may make grassland
associates good indicators of favorable habitat for rare
plants (Clarke and Patterson 2007). Average duff
depths did not decrease significantly following treat-
ments, but patches of exposed mineral soil were found
in some mechanically treated plots, and grassland as-
sociates colonized these patches.

Scrub oak plots had thinner duff layers than other
vegetation types prior to treatments, and both mowing
and grazing increased establishment by grassland as-
sociates in scrub oak despite increased litter loads due
to mowing. Duff and litter loads remained high in oak
woodlands and pitch pine stands, and grassland asso-
ciates did not readily colonize following treatments.
However, grasses and forbs colonized sites where min-
eral soil was exposed in small patches by slash pile
burning and disturbance by tree-felling equipment in
pitch pine stands.

Thinning and prescribed burning may have bene-
fited existing rare plant populations. Lion’s foot, which
is easily overlooked when not flowering, was probably
present prior to treatments but was not discovered until
it flowered following treatments. The extent to which
reduction in canopy cover due to thinning improved
habitat conditions for this and other rare species is not
easily separated from the effects of soil disturbance
because they colonized thinned plots where bare soil
was exposed by machinery. A few unthinned oak

woodland plots were colonized by grassland associates
following mowing (Table 3). Thus, a lack of soil dis-
turbance may be more important than shading in pre-
venting establishment of grassland associates in wood-
lands. Several studies suggest that increasing shrub
cover in open sandplains decreases grass and herb
richness (Dunwiddie and Caljouw 1990, Harper 1995),
although no studies have differentiated the influence
of shading from soil disturbance.

Establishment by grassland associates and rare
species in the experimental fuel break may be the re-
sult of recruitment either from the seed bank or from
propagules dispersed from outside the break (i.e., from
nearby seed sources in firelanes that border the fuel
break), possibly dispersal by machinery. Elsewhere on
Martha’s Vineyard, Lezberg et al. (2006) found few
grassland species establishing following clearcutting
and mowing in an oak woodland community. Matlack
and Good (1990) found little seed banked in the soil
of a New Jersey coastal plain forest, but nut-sedge
does appear to bank seed (Oosting and Humphreys
1940, Clinton and Vose 2000, Zaremba 2003).

We found several grassland associates emerging
from the ash under burned slash piles. The extended
residence time that occurs when burning piles may
stimulate soil-banked seeds of these species to ger-
minate. Pile burning has been documented as having
both positive and negative effects on banked seeds
(e.g., Clark and Wilson 1994) and can encourage the
establishment of nonnative species (Haskins and Gehr-
ing 2004, Korb et al. 2004), although we found no
such evidence.
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Fig. 4. Average duff depths in fuel treatment plots, by vege-
tation type, in an experimental fuel break prior to and following
treatments (including confidence intervals [P � 0.05]), Manuel
F. Correllus State Forest on Martha’s Vineyard, Massachusetts,
2002–2004. Pre-treatment (Pre-trt) values are the average of six
plots sampled in 2002. Treatment values are the averages of
three plots sampled in the summer of 2004. Also shown is the
average value in firelane plots supporting any of five rare plant
species. Treatment codes: C, control; G, graze; M, mow; P, pile
burn; T, thin.

Fig. 6. Predicted versus observed flame lengths (m) for pre-
scribed burns in control and fuel treatment plots, Manuel F. Cor-
rellus State Forest on Martha’s Vineyard, Massachusetts, 2002–
2004. The 1:1 diagonal line represents a perfect fit. Observed
values for treatment plots are all �0.7 m.

Fig. 5. Average shrub heights in fuel treatment plots, by veg-
etation type, in an experimental fuel break prior to and following
treatments (including confidence intervals [P � 0.05]), Manuel
F. Correllus State Forest on Martha’s Vineyard, Massachusetts,
2002–2004. Pre-treatment (Pre-trt) values are the average of six
plots sampled in 2002. Treatment values are the averages of
three plots sampled in the spring of 2004. Treatment codes: C,
control; G, graze; M, mow; P, pile burn; T, thin.

Fig. 7. Predicted versus observed rates of spread (m/min) for
prescribed burns in control and fuel treatment plots, Manuel F.
Correllus State Forest on Martha’s Vineyard, Massachusetts,
2002–2004. The 1:1 diagonal line represents a perfect fit. Ob-
served values for treatment plots are all �2 m/min.

Fuels and Fire Behavior

In all three vegetation types, average headfires
burning through untreated fuels with moderate weather
conditions cannot be attacked directly with hand tools
(flame lengths �1.2 m [4 ft]). In scrub oak, where fine
fuel loadings and depths are high, we observed typical
flame lengths of 3.5 m (11.4 ft) and rates of spread of
4.8 m/min (15.7 ft/min). Woodall (1998) reported ex-
treme behavior in an early growing-season burn (75%
humidity with wind speeds of 3.2–6.4 km/h [2–4
mi/h]) in Martha’s Vineyard scrub oak, with rates of

spread of 18.2 m/min (60 ft/min) and flame lengths of
12.2 m (40 ft).

Custom fuel models are clearly useful for barrens
in the northeastern United States, as standard fuel
models either under- or overpredict observed fire be-
havior, whereas our custom fuel models predicted ob-
served behavior well. Predicted flame lengths were
within 1.1 m (3.6 ft) of observed values, with under-
predictions of 0.3–0.4 m (0.9–2.3 feet) in scrub oak to
as much as 0.6 m (2.0 ft) in pitch pine thin–mow plots.
Predicted rates of spread were generally within 0.8
m/min (2.6 ft/min). Underpredictions of 1.8 m/min (6
ft/min) occurred in pitch pine thin–mow plots and of
0.7 m/min (2.3 ft/min) in pitch pine control and thin–
graze plots. Observed and predicted values varied less
in scrub oak plots, where treatments were applied more
homogeneously (Patterson et al. 2005). Fuel loadings
and depths in the untreated plots in our study were
similar to those throughout the forest (Mouw 2002),
which suggests that our custom fuel models are widely
applicable.

In oak woodland and scrub oak stands, mowing
and grazing effectively reduce shrub and slash loads.
Unlike grazing (or slash pile burning), mowing does
not consume fuels and, in fact, increases fine litter
loads. However, the fine fuels created by mowing are



81RESTORING BARRENS SHRUBLANDS

Table 7. Average (� 95% confidence intervals) percent of plot
areas burned in April–May 2004, Manuel F. Correllus State For-
est, Martha’s Vineyard, Massachusetts.

Cover type Treatment % burned

Pitch pine Control 100 � 0
Thin–mow 85 � 50
Thin–graze–pile burn 80 � 35

Oak woodland Control 100 � 0
Mow–graze 85 � 85
Mow 100 � 25

Scrub oak Control 100 � 15
Mow–graze 80 � 80
Mow 100 � 10

highly compacted and their flammability is lowered.
After initial mowing (necessary to provide palatable
stems for sheep) either grazing or mowing can be used
to maintain reduced shrub growth and have similar
effects on fuels and fire behavior. Grazing was, how-
ever, far more expensive than mowing. Costs of the
treatments (in 2004 U.S. dollars per hectare) were
mowing, $480; grazing, $2,160; pile burning, $480;
thinning pitch pine, $3,600.

Thinning pitch pine stands reduces the potential
for crown fires. An active crown fire in a pitch pine
stand thinned to 4.5–7 m2/ha (20–30 ft2/acre) requires
greater 6-m (20-ft) windspeeds (98 km/h [61 mi/h])
than untreated stands (34 km/h [21 mi/h]; Duveneck
and Patterson 2007). Slash from thinning contributes
to surface-fire intensity, so treatment of slash is desir-
able. Mowing following thinning treats slash and shrub
fuels simultaneously, but slash fuels can also be piled,
covered, and burned in the winter. The costs of mow-
ing and pile burning treatments are comparable. Thin-
ning is not advised for oak woodlands. Because oak
leaves are less flammable than pine needles and their
canopies reduce surface wind speeds (Mouw 2002),
they should be retained.

Without repeated treatments, shrubs—especially
scrub oak—resprout vigorously, and fuel loads and
depths can be expected to recover within 3–5 y (Nel-
son 2001). Season of treatment affects recovery rates,
with growing-season treatments reducing the vigor of
sprouts compared to dormant-season treatments. Be-
cause reduced litter production and height growth limit
fine fuel loads and fuel bed depths, treatment intervals
can be extended if treatments are applied during the
growing season. Treatment options may be narrowed,
however. Brush cutting and grazing are more practical
than burning because summer droughts lead to pro-
longed smoldering and smoke management problems.
Smoke is a particular problem in areas with large sum-
mer tourist populations.

CONCLUSIONS

Although our study encompassed only the first two
post-treatment years of what should be a long-term
study, our initial results documented changes in rare
plant abundance, fuel loads, and fire behavior, which
suggest that the fuel reduction practices we evaluated
are effective both in reducing immediate fire hazard

and improving habitat for rare species. The results of
this study have broader implications for managing fu-
els and rare species habitat in pine–oak forests of the
Atlantic Coastal Plain. Thinning pitch pine and treat-
ment of shrub understories in all three cover types not
only reduced fuel loads and depths but also increased
the abundance of the grassland-associated species that
indicate potential rare plant habitat (Clarke and Pat-
terson 2007). Thus, it may be possible to recreate the
open, savanna-like woodlands that are believed, by
some, to have provided habitat for early successional
plant and animal species (e.g., the now-extinct heath
hen [Tympanuchus cupido cupido]) in precolonial
landscapes frequently burned by American Indians
(Day 1953). Creation of rare plant habitat may require
less effort in scrub oak stands, which have lower duff
depths than pitch pine and oak woodlands. But when
mowing is applied, it adds a layer of mulch where
slash is present and/or shrubs are abundant. Without
prescribed fire, mowing may reduce habitat suitability
for rare plants. Scrub oak—beneath a scattered canopy
of pitch pine or oaks—is also the preferred habitat for
at least some of the rare Lepidoptera that this ecosys-
tem supports (Patterson et al. 2005, Haggerty 2006).
Restoration and maintenance of open woodlands on
the Atlantic Coastal Plain thus meets both fire man-
agement and rare species conservation objectives, and
our results provide managers with options for accom-
plishing those objectives.
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