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Abstract

Jack pine barrens, once common in northern lower
Michigan, mostly have been converted to managed
jack pine plantations. Management of the disturbances associated with logging provides the opportunity to maintain the unique plant assemblages of jack
pine barrens and nest habitat of the federally endangered Kirtland’s warbler. Studies indicate that Carex
pensylvanica can develop into dense mats and strongly
compete with other barrens species such as Vaccinium
angustifolium, which seem to be important species for
Kirtland’s warbler nest locations. According to forest
managers, the most important factors facilitating high
cover of V. angustifolium and reducing cover of C.
pensylvanica are the amount of shade produced by
tree crowns before harvest (pre-harvest shade), the
length of time between harvest and planting (planting
delay), and fire. We found that high or low levels of
pre-harvest shade had no effect on cover of either V.
angustifolium or C. pensylvanica. Planting delays of at
least three years following prescribed burns generally
increased cover of V. angustifolium in forest plots,
which are important for warbler nesting. Analysis of
community composition in openings indicated that
burning enhanced the growth of barrens species. We
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found only weak evidence for a negative correlation
between the cover of V. angustifolium and C. pensylvanica on our study sites. The openings created in the
jack pine plantation are important refugia for barrens
flora that would likely be lost under forests managed
strictly for jack pine. Maintenance of jack pine barrens flora and Kirtland’s warbler nest habitat is possible within the context of a heavily managed forest
plantation system.
Key words: barrens restoration, Kirtland’s warbler, en-

dangered species, jack pine, plantations, Vaccinium
angustifolium, Carex pensylvanica.

Introduction

H

istorically, northern lower Michigan (U.S.A.) was
dominated by jack pine barrens that occupied
sandy outwash plains with coarse, sandy soils (Whitney 1986). Important tree species on historic barrens
were Pinus banksiana (jack pine) and Quercus ellipsoidalis
(Hill’s oak), with an understory of sand prairie and
northern forest forbs, graminoids, and shrubs. Jack pine
barrens tended to be open with a mature tree density of
fewer than 49 trees/ha (20 trees/acre) (Curtis 1959), although dense jack pine sites also occurred in the region
(Voss & Crow 1976). Prior to European settlement, extreme temperatures and periodic fire maintained these
barrens. Without fire, succession drove the barren to a
closed forest community (Whitney 1986; Pregitzer &
Saunders 1999).
Because of conversion of barrens to agriculture and
forestry over the past two centuries, barrens are one of
the most highly imperiled plant communities in North
America (Heikens & Robertson 1994). Jack pine barrens
or managed jack pine plantations that serve as barrens
surrogates are the only known nesting habitat for the
federally endangered Kirtland’s warbler (Probst 1988).
Thus, conservation and restoration of barrens habitats,
and appropriate jack pine plantation management, are
vital to species and communities.
Currently, most of the jack pine sites found in northern lower Michigan are located on state and national
forests managed by the Michigan Department of Natural Resources or the United States Forest Service. Plantations are clear-cut on a 50-year rotation followed by
the application of various management techniques to
facilitate the 5–20-year-old jack pine sites used by the
warbler. Typically, trees are planted at 1.2-m intervals
in rows that are 1.8 m apart, resulting in 4,510 trees/ha.
At the time of warbler occupancy, plantation densities
range from 1,272—4,296 trees/ha (Probst & Weinrich
1993). Because openings are thought to be important for
selection of nest sites (Walkinshaw 1983), generally
27
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large, elliptical openings are systematically integrated
into the plantation. Approximately 25% of the site is unplanted (R. Marzolo, personal communication).
The quality of the ground cover associated with jack
pine plantations also affects the nesting potential of
Kirtland’s warblers. Zou et al. (1992) noted that the
height and patchiness of the jack pine and the character
of the ground cover vegetation were critical in the initial occupancy of a site. Smith (1979) and Buech (1980)
suggested that tree and ground cover components were
factors in habitat selection, and that management techniques encouraging the herbaceous component should
be evaluated. Moreover the breeding success is influenced by the quality of available habitat (Probst &
Hayes 1987; Bocetti 1994). Locations with high cover of
Vaccinium angustifolium (lowbush blueberry) and other
low shrubs are preferred as nesting sites by Kirtland’s
warblers (Smith 1979; Bocetti 1994). Thus, management
practices facilitating the growth of V. angustifolium
should foster jack pine plantations that are high-quality
warbler habitat.
Vaccinium angustifolium grows best under full sunlight to partial shading; dense shade may reduce its
cover (Hoefs & Shay 1981). V. angustifolium may also be
affected by competition from Carex pensylvanica (sedge).
Abrams and Dickmann (1982) found that aerial cover of
C. pensylvanica and V. angustifolium was inversely related, although on burned sites C. pensylvanica stabilized at much lower levels than on unburned sites. Following tree harvest, the release of inorganic nutrients
and increases in space, light, soil temperature, and
moisture resulted in C. pensylvanica forming dense mats
that excluded other species (Abrams & Dickmann 1982,
1984). Forest managers consider prescribed burning (or
wildfire), pre-harvest shade, and the length of time between harvest and planting to have the greatest effect
on ground cover (J. Probst, personal communication).
Variation in pre-harvest shade associated with 50-year
stand rotation can profoundly affect the ground layer.
Long periods of time under dense tree cover are likely
to reduce or eliminate V. angustifolium and other sand
prairie species and affect regeneration potential following harvest.
Some harvested sites lie dormant for several seasons
resulting in a “planting delay,” with the disturbances of
tree harvest and mechanical planting occurring during
different growing seasons rather than a single growing
season. Carex pensylvanica may increase in response to
the multi-year disturbance seasons (Abrams & Dickmann 1982, 1984) that are associated with a 3–5 year
“planting delay.” Increases in C. pensylvanica may lead
to decreased cover of V. angustifolium.
Additionally, several studies have indicated that V.
angustifolium responds positively to burning (Hall 1955;
Barker & Collins 1963a; Smith & Hilton 1971). Periodic
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fire was historically an important disturbance factor
that strongly affected the species composition of jack
pine barrens (Pregitzer & Saunders 1999). Thus, prescribed burning may increase V. angustifolium and other
barrens species on these sites.
We examined the effects of pre-harvest shade, prescribed burning, and planting delays on the cover of V.
angustifolium and C. pensylvanica and other ground
cover species in plantations. These effects were quantified as “forest habitats” and “openings.” Forest habitat
includes areas within the site that were planted with
jack pine seedlings and are critical to Kirtland’s warbler
nesting. Open habitats are areas that were not planted
but are most important to the maintenance of jack pine
barrens ground flora. These results were compared
with those from a naturally regenerated jack pine area
following the Mack Lake wildfire in the spring of 1980.
The Mack Lake fire burned over 9,717 ha including
4,356 ha of jack pine (Simard et al. 1983). Most of the
burned area regenerated to even-age jack pine that became one of the most productive Kirtland’s warbler
breeding areas in recent times (Bocetti 1994). Mack Lake
provided reference sites for comparison with plantations
to determine treatments that lead to vegetation most
similar to natural regeneration following wildfire and
associated with successful Kirtland’s warbler breeding.
Methods
Sample Design and Site Selection

The study design was a three-factor complete block design with two levels of each factor: site preparation
(prescribed burn or no prescribed burn), planting delay
(1 year or 3 or more years after either harvest or prescribed burning), and high or low pre-harvest shade.
Tree basal area of the site prior to harvest, which was
obtained from forestry site maps and timber sales, provided an indirect measure of canopy cover (Barbour et
al. 1999) and consequently, pre-harvest shading. High
pre-harvest shade sites had basal areas (BA) greater
than 16.26 m2/ha, whereas low pre-harvest shade sites
had BA less than 9.10 m2/ha. Planting delay was defined as the length of time between harvest and mechanical planting on unburned sites or between prescribed burning and planting for burned sites. Sites
with a planting delay of more than three years are referred to as three-year planting delay because only two
sites had a planting delay greater than three years. Prescribed burned sites were locations where the slash was
burned following tree harvest. Study sites were located
using forestry site maps and were within 60 km of Mio,
Michigan, U.S.A. (lat 4440 N, long 840730 W, elevation 311.5 m and ranged from 21–278 acres). We selected 28 jack pine plantations that were 8–18 years old,
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corresponding to the age at which plantations are occupied by the warbler, and five 17-year-old Mack Lake
reference sites. All sites were relatively level and occurred on sandy soils.
Sampling Procedures

The boundary of each site was identified, and the sampling area within each site was determined using randomly selected coordinates. A 300-m transect was oriented through the longest axis of the site. Using a
stratified random procedure (Greig-Smith 1964), five
sampling transects were located at right angles to the
300-m transect. Because of the probable importance of
openings for nest sites and barrens flora, we sampled
the first opening within 50 m of the sampling transects
and the forest habitat adjacent to the opening. An opening had a diameter equal to or greater than the maximum
height of the surrounding trees. Most openings resulted
from the planting pattern used by forestry personnel to
create openings for the warbler. This sampling design ensured that we sampled each site at the same scale (100 
300–m area) regardless of the size of the site.
Preliminary work (B. Barnes, personal communication) indicated that a randomly located 5  10–m plot
was the appropriate scale to sample ground cover on
these sites. Thus we established a 5  10–m plot in the
opening with the maximum dimension parallel to the
longest axis of the opening. A second 5  10–m paired
plot was located in the forest adjacent to the opening.
This plot was oriented in the same fashion as the plot in
the opening and was at least 10 m from the nearest edge
of the open plot.
Within these two plots, we estimated cover by species for all vegetation below 1 m. The plot was systematically traversed and the number of 0.25-m quadrat
frames of cover that each species would fill within the
entire plot was estimated (Lapin & Barnes 1995). The
number of frames of each species was then converted to
total percent cover for the entire plot. Species identification and nomenclature followed Voss (1996). Woody
vegetation above breast height (1.4 m) in each plot was
tallied by species in the following diameter at breast
height (dbh) size classes: 0–3 cm, greater than 3–6 cm,
greater than 6–9 cm, greater than 9 cm. Total stem count
by species was multiplied by the midpoint basal area of
the respective size class. These values were summed
across size classes to yield basal area by species for each
plot. Three 15-cm soil cores were extracted from each
plot, and the soils from plots were combined by site. We
measured the A1 horizon depth in centimeters for each
soil core. Soils were analyzed for texture, pH and selected
inorganic nutrients (available P [Bray 1] and K, and exchangeable Ca and Mg, total N) by the Wisconsin State
Plant and Soil Analysis Laboratory, Madison, Wisconsin.
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Data Analysis

We used a three-way fixed effects MANOVA (Scheiner
1993) with cover data of V. angustifolium and C. pensylvanica as response variables and pre-harvest shade,
planting delay, and prescribed burning as main effects
on forest plots. A one-way MANOVA with contrasts was
used to compare Mack Lake reference sites with burned
sites with either 1- or 3-year planting delay. We tested for
the assumptions of MANOVA by examining the residuals for univariate normality and heteroscedacity (Scheiner 1993). Data were transformed when necessary to
meet these assumptions. When MANOVA was significant, we used protected ANOVAs as follow-up tests. Statistical significance was accepted when p is less than 0.05.
We performed Detrended Correspondence Analysis
(DCA) using PC-ORD (McCune & Mefford 1999) to examine community patterns of the ground cover vegetation (Hill & Gauch 1980). Ground cover species occurring in less than 5% of all plots were removed from the
analysis, and rare species were downweighted. Separate species ordinations were conducted for open and
forest plots. We used an after-the-fact relative Euclidean distance to determine the variance explained by
each axis (McCune & Mefford 1999).
Results
Soil Inorganic Nutrients

Jack pine plantations in northern lower Michigan occur
on nutrient-poor, acidic sites. Mean soil pH for the
study sites was 4.8, and levels of all measured soil parameters were low (Table 1). However, the availability
of inorganic nutrients is quite varied in jack pine barrens and pine plantations in the Great Lakes region. For
example, exchangeable Ca for our study sites was similar to that reported for jack pine stands in northeastern
Minnesota (Green & Grigal 1980). However, our study
sites had substantially lower exchangeable Ca than pine
barrens in Wisconsin (Curtis 1959) and a harvested jack
pine stand in Wisconsin, which was prescribed burned
following harvest (Boyle 1973). Available K and exchangeable Ca were lower in Wisconsin sand barrens
(Curtis 1959) than in our study sites. Soil pH, available
P, and exchangeable Mg were lower on the sites we investigated than those reported for the comparison communities (Table 1). Total N was low in all jack pine
stands, including our study sites.
Dominant Ground Layer Species

The herbaceous vegetation on the site is a mixture of
sand prairie species and dry northern and boreal forests
as defined by Curtis (1959). The two dominant species
in open and forest plots based on cover or frequency
29
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Table 1. Soil nutrient values for all plantations and Mack Lake sites compared with similar jack pine studies. Values for total N and
extractable P (Bray 1), and exchangeable Ca, K and Mg are means in g/g.
Depth
(cm)

Houseman (1998) 33 jack pine stands in northern
lower Michigan
1–15
Curtis (1959) 26 stands in Wisconsin pine barrens
—
Curtis (1959) 20 stands in Wisconsin sand barrens
—
Green and Grigal (1980) 15 jack pine stands in
northeastern Minnesota*
0–100
Boyle (1973) 1 harvested jack pine stand in Wisconsin
15 months after a prescribed burn*
0–20

Total
N

Extractable
P

1,000
—
—

14.6  1.1
22
30

463
1126  67.9

41
104  3.8

Ca

K

143  15
4,025
50

Mg

28.8  1.3 17.9  1.2
70
—
17
—

144

42

524  30.4

70  2.1

pH

4.8
5.2
6.2

24

—

—

5.1

*Values for Green and Gringal (1980), and Boyle (1973) were obtained by converting from kg/ha to g/g using an estimated bulk density of 1.2 g/cc.

were Carex pensylvanica and Vaccinium angustifolium.
Both species occurred with frequencies greater than
95% in open and forest plots (Table 2). Sand prairie species common to open and forest plots included: Viola pedata (bird’s-foot violet), Schizachyrium scoparium (little
bluestem), Aster laevis (smooth aster), Solidago speciosa
(showy goldenrod), S. nemoralis (gray goldenrod), Campanula rotundifolia (harebell), Danthonia spicata (poverty
grass), Panicum linearifolium (panic grass), Antennaria neglecta (pussy-toes), Fragaria virginiana (strawberry), and
Rosa spp. In addition to the shared species, forest plots
included Calystegia spithamaea (low bindweed), Crataegus spp. (hawthorn), Helianthemum canadense (rockrose),
Maianthemum canadense (lily-of-the-valley), Panicum depauperatum (panic grass), and Solidago hispida (hairy goldenrod); open plots included Koeleria macrantha (June
grass), Liatris cylindracea (blazing star), and Polygala polygama (milkwort).

scribed burning and planting delay for V. angustifolium
(df  2, 19, Wilks’   0.541, F value  8.04, p  0.0029).
The ANOVA indicated that V. angustifolium responded
to the interaction between the effect of burning and delay (df  1, 20, F value  15.45, p  0.0008), whereas C.
pensylvanica was not significantly affected by the burn–
delay interaction (df  1, 20, F value  0.00, p  0.9657).
Percent cover of V. angustifolium was higher on burned
sites with a 3-year planting delay (mean  15.00, SE 
1.98) than on burned sites with a 1-year planting delay
(mean  6.48, SE  1.01) or on unburned sites with planting delays of either 1 (mean  8.01, SE  1.14) or 3 years
(mean  5.44, SE  1.32). However, burned sites with a
1-year delay did not significantly differ from unburned
sites with either level of planting delay. No other significant effects were detected on forest plots.
Comparison of Prescribed Burns and Wildfire Sites

We also used a one-way MANOVA with follow-up
contrasts to compare cover of V. angustifolium and C.

Response of V. angustifolium and C. pensylvanica

For the three-way MANOVA of forest plots, we found a
significant two-way interaction (Fig. 1) between pre-

Table 2. Species frequency and percent cover for 165 open and
forest plots across all sites.
Open
Species

Carex pensylvanica
Vaccinium angustifolium
Prunus pumila
Cladonia spp.
Andropogon gerardii
Arctostaphylos Uva-ursi
Oryzopsis pungens
Moss
Comptonia peregrina
Quercus ellipsoidalis
Melampyrum lineare
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Forest

Percent
Percent
Percent
Percent
Occurrence Cover Occurrence Cover

97.1
95.7
90.7
87.1
68.6
62.1
58.6
55.7
49.3
48.6
12.86

2.72
7.25
1.10
2.16
0.34
0.42
0.07
0.21
0.86
0.25
0.01

97.9
99.3
87.9
90.7
66.4
60.0
65.7
81.4
76.4
76.4
52.9

1.40
7.53
0.61
0.66
0.24
0.22
0.07
0.28
0.72
0.72
0.04

Figure 1. Two-way interaction between planting delay and
burning for mean percent cover of V. angustifolium on burned
and unburned sites.
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pensylvanica on Mack Lake sites to burned sites with a 1year planting delay or a 3-year planting delay in forest
plots (Table 3). MANOVA indicated significant differences in cover of V. angustifolium and C. pensylvanica between Mack Lake sites and burned sites with a 1-year
delay in planting (df  2, 15, Wilks’   0.5096, F value 
7.22, p  0.0064) or a 3-year delay in planting (df  2, 15,
Wilks’   0.402, F value  11.18, p  0.0011). Mack
Lake sites had lower cover of C. pensylvanica (df  1, 16,
F value  12.53, p  0.0027) than sites with a 1-year
planting delay (Table 3). Mack Lake sites also had lower
(Table 3) V. angustifolium cover (df  1, 16, F value 
23.79, p  0.0002) than burned sites with a 3-year planting delay, but had similar cover of C. pensylvanica (df 
1, 16, F value  0.39, p  0.5409).
At Mack Lake the distribution of openings and forest
habitat was more heterogeneous with a more strongly
aggregated distribution of trees than on the plantation
sites. Consequently forest plots at Mack Lake sites had
higher tree densities (mean  8,950 trees/ha, SE 
1,340) and BA (mean  13.6 m2/ha, SE  0.7) than plantation tree densities (mean  3,345 trees/ha, SE  162)
or BA (mean  6.8 m2/ha, SE  0.5). This high tree density and basal area at Mack Lake resulted in lower levels of cover for all ground layer species at Mack Lake
(mean  24.2%, SE  5.81) than in plantations (mean 
48.5%, SE  2.6). Thus, forest plots at Mack Lake did not
provide a good comparison of Kirtland’s warbler habitat for plantations.
Plantations and Mack Lake sites were dominated by
jack pine, whereas Hill’s oak was of secondary importance (Table 4). Plantations contained low amounts of
Prunus serotina (black cherry), P. virginiana (chokecherry),
P. pensylvanica (pin cherry), Populus grandidentata (bigtoothed aspen), and P. tremuloides (quaking aspen). Except for one individual of Prunus virginiana, no tree species other than jack pine and Hill’s oak were found on
Mack Lake sites.
Abrams and Dickmann (1982) reported that cover of
V. angustifolium and C. pensylvanica are inversely related. Using the Pearson Product Moment Correlation,
we found a significant negative correlation (r2  0.0258,

Table 3. Mean percent cover and standard error for Vaccinium
angustifolium and Carex pensylvanica for Mack Lake sites and
prescribed burn forest sites with either 1-year delay or 3-year
delay. A different letter indicates that means were significantly
different (p 0.05) for a given species.
Forest

Mack Lake
Burn/1-year delay
Burn/3-year delay
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Vaccinium

Carex

3.3  0.6 a
6.2  1.0 a
14.3  2.5 b

0.4  0.1 a
1.7  0.3 b
0.6  0.2 a

p 0.05) between V. angustifolium and C. pensylvanica in
forest plots across all sites. However, the relationship
explained only 2.6% of the variation between the two
variables. There was no significant relationship between V. angustifolium and C. pensylvanica in open plots
(r2  0.0117, p 0.05). Thus we did not find strong evidence for an inverse relationship between V. angustifolium and C. pensylvanica.

Site Ordinations

In open plots prescribed burning led to a clear separation of burned and unburned sites (Fig. 2). The first 3 axes
explained 63% of the variation (axis 1  35%, axis 2 
22%, and axis 3  6%). Prescribed burn sites tended to
have high axis 1 scores, whereas unburned sites generally had low axis 1 and high axis 2 scores. Site 9 appeared to be an outlier in this ordination. However, we
were unable to determine what led to the unusual ordination scores for this stand based on the variables we
measured. Sites that were prescribed burned and experienced a delay of 3 years before planting were most
similar to the Mack Lake reference sites in terms of
ground cover species composition and abundance (Fig. 3).
We examined site nutrients, stand age, and other treatment variables and found that only prescribed burning
accounted for the patterns found in the ordinations.

Species Ordinations

In the species ordinations of ground cover plants in
open plots (Fig. 3), the major delineation of species was
the separation of sand prairie species in the lower right
side of the ordination from those found in northern dry
or boreal forests (as defined by Curtis 1959). Sand prairie species had high axis 1 and low axis 2 scores corresponding to the sites that experienced fire in the site ordination (Fig. 3). V. angustifolium and C. pensylvanica were
located near the center of the ordination, suggesting
that other species led to the separation of stands. The
widespread occurrence and abundance of these two
species in open and forest plots (Table 2) support this
conclusion.

Discussion

Foresters involved in managing Kirtland’s warbler habitat have proposed that among the environmental and
disturbance factors affecting development of vegetation
in Kirtland’s warbler habitat, those with the greatest
impact on ground cover species are the pre-harvest
shade, the length of the interval between tree harvest
and planting, and fire (J. Probst, personal communication). These factors are believed to be of vital impor31
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Table 4. Density (trees/ha) for the 3 leading tree species on open and forest plots for plantations and Mack
Lake sites. “Other” represents the summation of Prunus serotina, Prunus virginiana, Prunus pensylvanica,
Populus grandidentata, Populus tremuloides.
Open

Pinus banksiana
Prunus serotina
Quercus ellipsoidalis
Other
Total

Forest

Plantations

Mack Lake

Plantations

Mack Lake

6.46  0.51
0.05  0.02
0.24  0.06
0.06  0.03
6.81  0.52

12.93  0.66
0.00  0.00
0.65  0.47
0.00  0.00
13.58  0.68

2889.7  142.0
102.3  38.2
353.4  74.9
87.4  41.8
3345.4  162.3

8577.6  1380.7
0.0  0.0
372.8  196.5
8.0  0.0
8950.4  1339.8

tance to the relationship between Carex pensylvanica and
Vaccinium angustifolium.
Shade

Our results indicated that the pre-harvest shade did not
significantly affect the cover of V. angustifolium or C.
pensylvanica. The shade-tolerance of V. angustifolium is
supported by Hall (1955), who determined that V. angustifolium persisted at light intensities of 0.5% of full
sunlight under a spruce-fir canopy. Hoefs and Shay
(1981) found that intermediate shade provided favorable conditions for V. angustifolium in Manitoba where
high ground temperatures and reduced soil moisture
occurred in open areas during the summer, similar to
conditions occurring in northern Michigan. Moreover
V. angustifolium generally reproduces poorly from seeds
(Vander Kloet 1976, 1985; Wesley et al. 1986; Matlack et
al. 1993), and colonization occurs mostly by rhizomatous growth (Martin 1954; Barker & Collins 1963b;
Kender & Eggert 1966; Vander Kloet 1976; Carroll &
Bliss 1982). Although jack pine plantations in northern
Michigan are usually harvested 40–60 years after planting, V. angustifolium clones can be long-lived (Vander

Figure 2. Detrended Correspondence Analysis of 28 plantation forest plots and 5 Mack Lake sites. An asterisk represents
Mack Lake sites, a solid diamond represents prescribed
burned sites, and open circles represents unburned sites.
32

Kloet 1976) and persist as rhizomes for many years
(Martin 1954). Thus, the amount of V. angustifolium
present on a site, including belowground organs, prior
to tree harvest is likely a key factor in determining increased levels of cover and colonization of this species
following harvest (Hall 1955; Ahlgren 1960; Moore &
Wein 1977; Hoefs & Shay 1981). Our results indicate
that although site history may contribute to the amount
of V. angustifolium cover, pre-harvest shade apparently
did not limit the amount of V. angustifolium that developed on a site following harvest.
Carex pensylvanica can persist at high frequency but
with low cover in the shade of mature jack pine plantations (Buell & Cantlon 1953; Abrams & Dickmann
1984). Following tree harvest, C. pensylvanica is capable
of spreading rapidly by seed and rhizomes (Rowe &
Scotter 1973) in response to the increased light, space,
soil temperature, and moisture (Abrams & Dickmann
1983). Thus, pre-harvest shade levels may have little effect on C. pensylvanica in these plantations.
Planting Delay and Prescribed Burning

We found an interaction between planting delay and
burning for V. angustifolium in forest plots. Sites that received prescribed burning but were not planted for
three or more years had higher cover of V. angustifolium
than sites that were prescribed burned and planted
within one year. There are several possible biological
explanations for this result. Many studies have demonstrated a positive response of V. angustifolium to burning (Hall 1955; Trevett 1956; Barker & Collins 1963a;
Smith & Hilton 1971; Matlack et al. 1993). This positive
growth response results in the colonization of new areas by the horizontal spread of Vaccinium spp. (Matlack
et al. 1993). Because V. angustifolium rarely reproduces
from seed on these sites, asexual reproduction and colonization are vital to increased cover (Vander Kloet 1976,
1985; Wesley et al. 1986; Matlack et al. 1993). A longer
delay between burning and planting may allow V. angustifolium to respond initially to burning without the
added competition of Pinus banksiana seedlings.
Restoration Ecology
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Figure 3. DCA species ordination of species sampled in open plots. Gau pro (Gaultheria procumbens), Cla spp (Cladonia spp.), Hei
ven (Hieracium venosum), Vio ped (Viola pedata), Pin ban (Pinus banksiana), Ory pun (Oryzopsis pungens), Arc Uva (Arctostaphylos
Uva-ursi), Pan lin (Panicum linearifolium), Vac ang (Vaccinium angustifolium), Que ell (Quercus ellipsoidalis), Epi rep (Epigaea repens),
Pot tri (Potentilla tridentata), Pru pum (Prunus pumila), And ger (Andropogon gerardii), Apo and (Apocynum androsaemifolium), Pte
aqu (Pteridium aquilinum), Sch sco (Schizachyrium scoparium), Sol spe (Solidago speciosa), Mel lin (Melampyrum lineare), Sol nem (Solidago nemoralis), Des fle (Deschampsia flexuosa), Car pen (Carex pensylvanica), Ame spi (Amelanchier spicata), Ast lae (Aster laevis), Cam
rot (Campanula rotundifolia), Fra vir (Fragaria virginiana), Dan spi (Danthonia spicata), Vio adu (Viola adunca), Com per (Comptonia peregrina), Pru vir (Prunus virginiana), Ros spp (Rosa spp.), Ory asp (Oryzopsis asperifolia), Pru ser (Prunus serotina), Hie gro (Hieracium
gronovii), Agr rep (Agropyron repens), Rub pen (Rubus pensilvanicus), Pol pol (Polygala polygama), Koe mac (Koeleria macrantha), and
Lia cyl (Liatris cylindracea).

A second possibility is that when prescribed burning
is followed by planting within one year, the V. angustifolium does not have time to capitalize fully on the facilitation of the prescribed burn before the physical disturbance associated with planting occurs. The furrow
created by mechanical planting is approximately 8–15 cm
deep and 46–61 cm wide (R. Marzolo, personal communication) and may dislodge many of the rhizomes of V.
angustifolium. Barker and Collins (1963b) found that V.
angustifolium rhizomes ceased growth even when briefly
exposed to sunlight. Thus the positive growth response
of the V. angustifolium colony may be disrupted by the
physical disturbance of planting. Because some studies
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have indicated that Vaccinium spp. increases in the second and succeeding years after a burn (Ahlgren 1960;
Barker & Collins 1963a), the increased development of
Vaccinium spp. colonies for three years before tree
planting may compensate for the negative effect of the
physical disturbance associated with planting. This hypothesis is supported by Kender and Eggert (1966), who
found that V. angustifolium had greater aerial and underground stem growth when planted in undisturbed soil
than in soil that had been homogenized before planting.
Physical disturbances to the soil may also disrupt the
mycorrhizal association of V. angustifolium, which has
been shown to enhance the uptake of nutrients by Vac33
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cinium spp. in nutrient-poor soils such as those found in
northern lower Michigan (Pearson & Read 1973; Read &
Stribley 1973; Stribley & Read 1974).
Sites with a three-year delay following a prescribed
burn and Mack Lake sites had similar C. pensylvanica
cover, but the sites with a three-year delay had higher
cover of V. angustifolium than Mack Lake sites. The low
cover of V. angustifolium is likely reflective of the general reduction of understory cover in Mack Lake forest
plots compared to plantations probably resulting from
the suppressive effects of high tree density and basal
area of Mack Lake sites.

Competition Between C. pensylvanica and V. angustifolium

We found no evidence for an inverse relationship between the abundance and occurrence of C. pensylvanica
and V. angustifolium. C. pensylvanica and V. angustifolium were both found on all sites and in nearly all plots.
It appeared that C. pensylvanica and V. angustifolium
were competing at some level on these sites, but there
was only a weak inverse relationship between the cover
of the two species on forest plots. As previously noted,
Abrams and Dickmann (1982, 1984) reported that C.
pensylvanica formed dense mats that excluded all other
species. Forest managers suspect that planting delays
may foster C. pensylvanica, leading to exclusion of V. angustifolium. In some cases, we found C. pensylvanica
“mats” with little or no V. angustifolium. However, these
mats were not the result of three-year delays in planting. The difference between our results for the two species compared with those reported by other workers
(Abrams & Dickmann 1982, 1984) might be due to the
difference in scale at which sampling occurred in our
study and in those of previous workers. Our summary
unit was the 5  10–m plot, whereas other workers
(Abrams & Dickmann 1982, 1984) have summarized occurrence of the two species along line transects. At a
small scale, competitive interactions between the two
species may be expressed, but we did not find this pattern at our sampling scale.

Community Response

Jack pine is the dominant tree species of barrens in
northern Michigan. In natural jack pine barrens, the distribution of trees is highly aggregated (Curtis 1959;
Voss & Crow 1976). This is the pattern we found at the
Mack Lake sites, where natural jack pine regeneration
had occurred following a wildfire. The openings that
developed following wildfire were also highly variable
in size and were often continuous with other openings.
The ground cover in jack pine barrens is a unique
combination of sand prairie, northern dry forest, and
34

boreal forest species (Curtis 1959). The sand prairie species from all sites clustered together in the ordinations
of open plots and forest plots. Northern dry forest and
boreal forest species were interspersed across the ordinations. The combination of ground cover species is
likely related to historical burning and regeneration
patterns (Hall 1955; Ahlgren 1960; Moore & Wein 1977;
Hoefs & Shay 1981), the size of the opening, and the relative amount of tree cover. Open sites that were burned
were generally most similar in overall species composition to the open plots found on Mack Lake reference sites.
The stand ordination suggested that prescribed burning and the delay factor were important factors for the
response of the ground cover as hypothesized by local
managers. However, the pre-harvest shade did not
seem to be a strong controlling factor.
Implications for Restoration and Management

Our results indicate that managers should conduct prescribed burns to enhance the development of V. angustifolium in forest plots. Planting should be delayed for
three years to allow for the response of V. angustifolium
to the facilitation of fire. The effect of fire would also facilitate the growth of barrens species in openings. If it is
not possible to conduct a prescribed burn, then sites
should be planted within one year of tree harvest. Restoration and maintenance of barrens species in openings would also benefit from addition of native seed in
the openings. This practice would help overcome seed
limitation that may have occurred during the last century of management.
The openings created in jack pine plantations are of
vital importance to the maintenance of jack pine barrens species. Historically, jack pine barrens were part of
a spatially shifting, vegetational mosaic on sandy sites
in northern lower Michigan that was maintained by
wildfires with return intervals of 20–40 years. As jack
pine stands matured, tree densities increased. When
fire swept through old, dense jack pine stands, there
likely was a large seed release and high germination resulting in high tree densities as reported by Voss and
Crow (1976) and found in many areas after the Mack
Lake wildfire. After wildfire, openings that are essential
for maintenance of jack pine barrens ground cover were
numerous and random in size and space.
Because nearly all of the original jack pine barrens
have been converted to pine plantations or alternative
uses, it is important for managers to integrate conservation strategies into the creation of these plantations.
Maintaining jack pine on a single site for 50 years likely
eliminates many of the sand prairie species associated
with barrens. These species are probably maintained
during later phases of the 50-year rotation cycle in the
openings. Thus, openings that are created to improve
Restoration Ecology
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nesting and foraging habitat for Kirtland’s warblers ensure that every site has some openings so that the floristic elements of jack pine barrens can be maintained. Although the species composition of open and forest plots
was similar in this study, many of the barrens species
will likely disappear as the 8–18 year jack pine stands
mature, creating more shady conditions.
Because the success of Kirtland’s warblers is dependent upon vegetational composition, further research
and monitoring is needed. Special attention should be
given to the abundance of ground cover species before
harvest. Ideally, long-term monitoring plots would be
established to quantify changes in species composition
and abundance during the different stages of stand development. The effect of the extensive furrows used to
prepare the site for jack pine seedlings on jack pine barren
ecosystem components needs to be carefully examined.
The furrowing disrupts soil systems, causes potential loss
of seed banks, and destroys above- and belowground ecosystems components. Over several rotation periods a
large portion of the plantation could be subjected to the
disrupting effects of the furrows.
Stimulating recurring wildfires is the only way to ensure that jack pine barrens are maintained as a functioning community (Pregitzer & Saunders 1999). However,
societal demands for forest products have resulted in
the establishment of extensive areas of jack pine plantations. In these areas management should be conducted
in a way to ensure personal safety and encourage production of jack pine. Nevertheless, preservation of barrens flora and Kirtland’s warbler habitat is dependent
upon plantation management strategies that simulate
natural processes and maintain the constituent barren
components.
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