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EFFECTS OF FIRE AND HERBICIDE TREATMENT ON HABITAT
SELECTION IN GRASSLAND BIRDS IN SOUTHERN MAINE

PETER D. VICKERY, MALCOLM L. HUNTER, JR., AND JEFFREY V. WELLS

Abstract. We studied habitat selection of grassland birds nesting on a 240-hectare grassland in south-
ern Maine. The site was commercially managed for blueberry (Vaccinium) production, which involved
prescribed burning and herbicide spraying. These management practices profoundly affected vegetation
physiognomy and influenced patterns of habitat selection of nesting species. There were clear differ-
ences in the types of habitat birds selected; four species preferred sites with both tall and short
graminoid cover, whereas three species preferred sparse cover. Despite general similarities in each of
these two groups, habitat selection for each species was generally characterized by a unique suite of
vegetation features rather than distinct values for any particular habitat parameter.

Territory densities of five breeding species were strongly influenced by management practices at
this site. Species that preferred grass cover were adversely affected by herbicide spraying; these effects
persisted for two to six years, depending on the number of herbicide applications and the species. In
particular, Eastern Meadowlark (Sturnella magna) densities had not recovered six years after spraying.
In unsprayed plots, densities of six species declined with time since fire; densities of one species,
Field Sparrow (Spizella pusilla), increased with time since fire; and densities of Eastern Meadowlarks
were unaffected by time since fire.

LOS EFECTOS DEL FUEGO Y DEL TRATAMIENTO DE HERBICIDA EN LA
SELECCION DE HABITAT POR AVES DE PASTIZAL EN EL SUR DE MAINE

Sinopsis. Estudiamos la seleccién de hébitat por aves de pastizal en un prado en el sur de Maine.
Se explotaba comercialmente el sitio para la produccién del arandano (Vaccinium), que comprendia
fuegos programados y fumigacién con herbicidas. Estas pricticas de manejo afectaron profundamente
la fisiognomia de la vegetacién e influyeron en las normas de la seleccién de hébitat de las especies
en anidaje. Hubo diferencias claras en los tipos de habitat que las aves seleccionaron; cuatro especies
prefirieron sitios con cobertura de hierbas alta y corta, mientras que tres especies prefirieron los de
cobertura escasa. A pesar de las similitudes generales en cada uno de estos dos grupos, la seleccién
de hébitat para cada especie se caracterizé por un conjunto Unico de rasgos vegetativos y no por
valores distintos para algin pardmetro de habitat en particular. Las practicas de manejo en este sitio
influyeron en gran medida en las densidades de los territorios de cinco especies en reproduccién. La
fumigacién de herbicidas afecté desfavorablemente las especies que prefirieron cobertura de hierbas;
estos efectos persistieron por dos a seis afios, segin el nimero de aplicaciones de herbicidas y la
especie. En particular, las densidades del Pradero Comiin (Sturnella magna) no se habian recuperado
seis afios después de las fumigaciones. En las parcelas sin fumigacién, las densidades de seis especies
disminuyeron con el tiempo después del fuego; las densidades de una especie, el Gorrién Llanaro
(Spizella pusilla), aumentaron con el tiempo después del fuego; y las densidades del Pradero Comin
no experimentaron cambios con el tiempo después del fuego.
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Although extensive research has sought to de-
termine what constitutes high-quality habitat for
a wide variety of bird species (e.g., Cody 1985),
various limitations to observed patterns of hab-
itat occupancy have been described (Verner et
al. 1986). These include inter- and intraspecific
competition (Cody 1974; Diamond 1978; Ro-
senzweig 1981, 1985); population density (Fret-
well and Lucas 1970; Zimmerman 1971; Wiens
1977, 1985; Karr and Freemark 1983); habitat
area, shape, and isolation (Robbins 1979, Whit-
comb et al. 1981, Robbins et al. 1989); site te-
nacity (Hildén 1965, Wiens and Rotenberry
1985); predation (Roseberry and Klimstra 1970,
Slagsvold 1980); and anthropogenic factors
(Robbins et al. 1986, Bollinger 1988).

In addition, resource abundance is often

patchy, unpredictable, and not necessarily coin-
cident with habitat structure (Rotenberry and
Wiens 1980, Cody 1985). Thus, attraction to
abundant, spatially variable resources may be
more important than vegetation physiognomy
when individuals select habitat. Finally, in some
ecosystems there may be sufficient annual vari-
ation to make habitat selection more diffuse
(Rotenberry and Wiens 1980); instead of a “‘sin-
gle optimum expression of habitat selection,
there may be an optimality plateau, within which
various expressions of habitat selection may be
adaptively equivalent” (Wiens 1985:244).

If vegetation and resources are highly variable
in certain ecosystems and the linkage between a
species and its habitat is imprecise, one would
generally predict a broad ‘“‘optimal plateau” for
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the species breeding in these ecosystems. Con-
versely, there may be a smaller “‘optimal pla-
teau” for species breeding in more stable envi-
ronments (Vickery et al. 1992a).

Controlled, manipulative studies of avian hab-
itat use in grassland or shrubsteppe systems have
often been limited by the size of the experimen-
tal units, which can make it difficult to predict
population responses (Best 1972, Wiens and Ro-
tenberry 1981, Morse 1985, Wiens et al. 1986,
Petersen and Best 1987). In an effort to over-
come this difficulty, we selected a broader spa-
tial and temporal scale and established perma-
nent plots, covering a total of 120 ha, which we
followed for 8 yr. Commercial management of
a native shrub, lowbush blueberry (Vaccinium
angustifolium), for berry production in southern
Maine used prescribed burning and herbicide
spraying to reduce competing shrubs, grami-
noids, and forbs. These habitat manipulations
profoundly affect the vegetation structure and
composition (Yarborough and Bhowmik 1989)
and thus provided the opportunity to conduct a
partially controlled experiment on a scale that
was large enough to elucidate some of the pro-
cesses by which grassland birds occupy habitat.

METHODS
STUDY AREA AND HABITAT MANIPULATION

The study site, a 240-ha sandplain grassland situated
on a broad glacial-marine delta with thick sand depos-
its, supports a xeric native flora, notably graminoids
(poverty grass [Danthonia spicata], little bluestem
[Schizachyrium scoparium], and sedge [Carex pensyl-
vanical), shrubs (lowbush blueberry and chokeberry
[Aronia spp.]), and forbs (northern blazing star [Liatris
scariosa var. novae-angliae], whorled loosestrife [Lysi-
machia quadrifolia], and goldenrod [Solidago spp.l;
see Vickery et al. 1992b). The site is located in Ken-
nebunk, York County, Maine (43°23' N, 70°37’ W) and
was managed for commercial blueberry production un-
til 1987. During the first phase of our study (1984-—
1986), the site was managed on a biennial rotation;
approximately 50% was mowed and burned each year
(= burn-year plots). Blueberries were harvested in the
portion that was burned the previous year (= produc-
tion-year plots). Beginning in 1984, the herbicide he-
xazinone (Velpar®) was used at the rate of approxi-
mately 4 kg per ha to increase blueberry production
by reducing or eliminating competing shrubs, forbs,
and graminoids (Yarborough and Bhowmik 1989).
Herbicide was applied in April, in the same cycle as
the burning operation. In the second phase of the study
(1987—-1991), there was no active management for ber-
ry production.

EXPERIMENTAL DESIGN

We examined avian habitat occupancy at two dif-
ferent spatial scales: the scale of individual territories
(1-5 ha for all species except Upland Sandpiper [Bar-
tramia longicauda]) and the scale at which the habitat
manipulation occurred (plot = 6-24 ha). For territo-
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ries, defined as the number of males singing and de-
fending small areas for 4 wk or more, we assessed
whether each species selected particular physiognomic
features by measuring nine habitat parameters for each
territory. We then compared these measurements with
measurements taken in unoccupied quadrats in the
grassland.

We then wanted to see if densities were affected by
large-scale habitat manipulations. If populations of
grassland birds breeding at this site did respond to
changes in habitat, we would expect changes in terri-
tory density to be refiected at the larger scale. If birds
were not selecting particular features of the habitat,
however, we would expect no clear relationship be-
tween territory density and blueberry management
practices. To determine which, if either, of these alter-
natives predominated, we estimated territory density in
relation to these habitat management practices. We
could make this distinction because each treatment
changed in space and time during the first phase of
this study (1984-1986). We distinguished between
breeding territory (= breeding site) fidelity and phi-
lopatry (= return to general breeding area) and rec-
ognized that use of territory density to elucidate pat-
terns of habitat occupancy should not be equated with
habitat quality (Van Horne 1983, Vickery et al. 1992c).

We placed 10 permanent plots (6-24 ha), covering
120 ha and marked into quadrats with a 50-m-interval
grid, on different parts of the site. Plots were sited to
fall within a particular management unit and were 50
m or more from any management border. To examine
the relationship between occupancy and habitat struc-
ture, territories for each species were spot-mapped (In-
ternational Bird Census Committee 1970) using at
least 8 replicate censuses on 10 plots for the first 3 yr
(1984-1986) of the study. We used counter-singing of
neighboring males and presence on frequently used
song perches to estimate the perimeter of each territory
for each species during this period. A quadrat was de-
fined as being in a male’s territory if 50% or more of
that territory fell within a quadrat. For Upland Sand-
pipers, we simply delineated high-use areas for each
pair. In the second part of the study (1987-1991), we
used three to six censuses to determine the number of
territories per species per plot. The reduced number of
censuses during this part of the study did not allow us
to accurately delineate the shape and size of individual
territories, but it did allow us to calculate the number
of territories for each species per plot, which in turn
enabled us to examine each species’ pattern of habitat
occupancy in this changing environment.

We followed avian occupancy patterns in three pri-
mary treatments: plots that had received zero, one, or
two herbicide applications. We then followed the status
of these plots for 8 yr. We were thus able to observe
bird occupancy in plots all the way from burn year (N
= 17) to 8 yr postburn (N = 1; Table 1). A burn-year
plot was defined as a site in its first growing season
immediately following a management burn. Because a
burn-year plot became a production-year plot the fol-
lowing summer, it was impossible to follow burn-year
treatment effects for more than 1 yr. For example, a
plot that was burned in early spring 1984, and thus
considered a burn-year plot during the 1984 breeding
season, was a first-year production-year plot in 1985.
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TABLE 1. NUMBER OF MANAGEMENT UNITS ON PLOTS
AT KENNEBUNK, MAINE, 1984-1991

Herbicide application

Years since burn 0 spray 1 spray 2 sprays
0 8 6 3
1 12 7 3
2 4 3 3
3 4 3 3
4 4 3 3
5 4 1 1
6 1 1 0
7 1 0 0
8 1 0 0

If this plot was not burned in April 1986, it became a
second-year production-year plot in 1986. Because
early-successional habitats experience frequent distur-
bance regimes, we defined control plots as first-year
production-year plots that had never been sprayed with
herbicide (N = 12).

Vegetation cover was estimated visually for every
50- X 50-m quadrat during the first 3 yr of intensive
study (1984-1986) using a modification of the Braun-
Blanquet réleve method (Mueller-Dombois and Ellen-
berg 1974; for detailed description, see Vickery et al.
1992a). Thereafter, from 1987 to 1991, we used the
same method for 30—50% of the quadrats in a check-
erboard fashion. All estimates were conducted in mid-
July and August, once vegetation growth had stabi-
lized. Graminoid, forb, and shrub cover were estimated
in three strata: 0—2 c¢m, >2-20 cm (short cover), and
>20-60 cm (tall cover). Bare ground, litter, and lichen
and moss were estimated in the 0- to 2-cm stratum.
Because lowbush blueberry was a dominant shrub and
its rhizomatous, matlike growth habit differed from
that of other low shrubs, it was estimated separately in
the >2- to 20-cm stratum. Vegetative cover was esti-
mated in the following units: < 3 stems per quadrat;
< 0.1%; 0.1-1%; >1-5%; >5-15%; >15-25%; >25—
50%; >50-75%; and > 75%. Only vegetation param-
eters with more than 5% mean cover were used for
analysis. Cover percentages were transformed to mid-
point percentages, and these percentages were arcsin
transformed for all parametric analyses (Zar 1984).

Bird species breeding at the site included Upland
Sandpiper, Horned Lark (Eremophila alpestris), Field
Sparrow (Spizella pusilla), Vesper Sparrow (Pooecetes
gramineus), Savannah Sparrow (Passerculus sandwi-
chensis), Grasshopper Sparrow (Ammodramus savan-
narum), Bobolink (Dolichonyx orvzivorus), and East-
ern Meadowlark (Sturnella magna). Field Sparrows
were present only in the second phase of the study
(1987-1991), once active management at the site had
ceased and the height and abundance of shrubs had
increased.

Because commercial operators had been managing
this site for many years, we were unable to make this
a randomized experiment. Although we did not seek
to influence blueberry management for avian or habi-
tat-related reasons, we did negotiate with the blueberry
managers to ensure that each permanent plot fell com-
pletely within an operational area of the management
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practice. Because the site was physiographically ho-
mogeneous and the vegetation prior to herbicide ap-
plication was similar, we do not think failure to meet
the assumption of randomness vitiated our results.

STATISTICAL ANALYSIS

We first used the detailed spot-map data (1984—
1986) to determine which habitat variables were se-
lected by each species (except Field Sparrow) breeding
at this site. We used multivariate analysis of variance
(ANOVA) to determine which vegetation parameters
helped discriminate occupied habitat from unoccupied
areas (Wilkinson 1990). Because species-habitat rela-
tionships were examined over a 3-yr period (1984
1986), and most treatments occurred in all 3 yr, we
included the potential effect of annual variation (year
effect) in this analysis (see Table 2 for sample sizes).

In a separate analysis, we used Spearman rank cor-
relation to determine if specific habitat variables were
associated with each species’ density at the site. We
used data from the entire study period (8 yr) for this
analysis. To compensate for the possibility of increased
Type I error for these eight analyses (one for each
species), Bonferroni adjustment of significance level
was set at P = 0.00625.

To examine habitat occupancy at the broader scale
at which blueberry management occurred, we used re-
peated measure ANOVA to test for differences be-
tween territory density in plots that had never been
sprayed with herbicide versus plots that had been
sprayed once or twice (Wilkinson et al. 1996). Because
sample sizes were notably uneven, especially 5-8 yr
postburn (Table 1), this analysis was limited to the first
4 yr after the treatment, which was the period when
differences, if they existed, were greatest. We then an-
alyzed the importance of management effects for each
year by contrasting specific management effects within
the same year (Wilkinson 1990). We then used Spear-
man rank correlation to determine if territory densities
for any of these species changed over time after burn/
herbicide treatment. Because we were specifically in-
terested in learning if Grasshopper and Savannah spar-
row densities changed over time in unsprayed plots,
we used repeated measures ANOVA to compare the
first 4 yr postburn to the 5- to 8-yr postburn period.

RESULTS

EFFECTS OF BURNING AND HERBICIDE SPRAYING
ON VEGETATION PHYSIOGNOMY

Burning and herbicide spraying had profound
effects on grassland vegetation. Herbicide spray-
ing reduced forb and short shrub cover for 3—4
yr (Fig. 1). Short shrub cover was greatly re-
duced on plots that were sprayed twice and be-
gan to recover only 4—6 yr postspray. Tall shrub
cover was sharply reduced for 3 yr in plots that
were sprayed twice but then increased more rap-
idly. This appeared to be an example of ‘“‘veg-
etative release’’ common in herbicide applica-
tions in commercial forestry (Walstad and Kuch
1987). Herbicide application had a positive ef-
fect on blueberry cover for 3 yr. Thereafter,
blueberry cover declined, probably as a result of
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TABLE 2. VEGETATION MEASUREMENTS (PERCENT COVER; MEAN * SE) FOR GRASSLAND BIRDS BREEDING AT KEN-

NEBUNK, MAINE, 1984-1986

Species
Upland Sandpiper Horned Lark Vesper Sparrow

Habitat parameters Territory Nonterritory Territory Nonterritory Territory Nonterritory
N 405 233 186 449 434 204
Bare ground 23.5 (0.9) 20.6 (0.7) 32.8 (1.2)2b 27.3 (0.7) 31.8 (0.8)2b 23.9 (1.0)
Litter 29.2 (0.8)ab 33.6 (0.6) 33.4 (1.1) 31.4 (0.6) 30.9 (0.6)2 34.2 (1.0)
Graminoid (2-20 cm) 22.1 (0.8) 21.2 (0.6) 20.2 (0.9 24.1 (0.6) 21.2 (0.6)»> 32.9 (0.5)
Graminoid (>20-60 cm)  20.9 (1.0) 23.5 (0.8) 21.5 (1.2) 22.4 (0.7) 20.9 (0.7) 22.4 (1.1)
Forb (2-20 cm) 15.3 (0.9) 15.1 (0.8) 149 (1.1) 15.3 (0.7) 15.0 (0.7) 15.5 (1.1)
Forb (>20-60 cm) 25.7 (0.9) 27.8 (0.8) 25.1 (1.1) 27.7 (0.7) 25.8 (0.7) 28.2 (1.0)
Blueberry 27.2 (1.1)*  31.9 (0.8) 31.7 (1.0)2b  29.5 (0.8) 30.1 (0.8) 304 (1.1)
Shrub (2-20 cm) 154 (1.1) 17.0 (0.9) 11.6 (1.2)»b 18.5 (0.8) 16.6 (0.8 20.5 (0.8)
Shrub (>20-60 cm) 21.7 (1.0) 23.6 (0.8) 17.1 (1.1  24.9 (0.7) 20.9 (0.7) 23.5 (1.1)

2 Significant difference (P < 0.05) between territory and nonterritory.
b Significant difference (P < 0.05) in year effect.

increased competition with other plants (Fig. 1).
Increased nutrient availability and reduced com-
petition after fire appeared to benefit short and
tall forbs in unsprayed plots (Wright and Bailey
1982, Smith et al. 1988). Tall graminoids also
responded favorably to fire, but this effect was
also apparent in plots that were sprayed (Fig. 1).
Tall graminoids consisted primarily of little
bluestem, which was the only grass species not
adversely affected by spraying.

The decline in short shrubs in unsprayed plots
4 yr postburn was probably a result of succes-
sional effects; after 3 yr these shrubs grew into
the tall shrub category (Fig. 1).

PATTERNS OF HABITAT SELECTION AT
KENNEBUNK

Multivariate ANOVA revealed a major divi-
sion in the way species occupied habitat at this
site. Savannah and Grasshopper sparrows, East-
ern Meadowlarks, and Bobolinks selected sites
with greater amounts of both short and tall veg-
etation cover, particularly graminoid cover,
whereas Upland Sandpipers, Horned Larks, and
Vesper Sparrows preferred sites with generally
sparse cover (Table 2). Savannah and Grasshop-
per sparrows, Bobolinks, and Eastern Meadow-
larks all selected sites with significantly greater
amounts of graminoid cover (Table 2). These
four species also appeared to be more discrimi-
nating in their habitat requirements, or at least
territories that were occupied by these species
were described by a greater number of signifi-
cant habitat parameters (Table 2). Savannah
Sparrows selected areas with increased short
graminoid, tall graminoid, and short forb cover
and less litter, blueberry, short shrub, and tall
shrub cover (Table 2). Grasshopper Sparrows
chose habitat with increased short graminoid,
tall forb, and short shrub cover and less litter

and blueberry cover. Bobolinks chose sites with
increased tall graminoid, tall forb, and blueberry
cover and reduced tall shrub cover (Table 2).
Eastern Meadowlarks selected sites with in-
creased short graminoid and shrub cover, both
short and tall forb cover, and decreased litter and
blueberry cover.

Selection of habitat by Horned Larks and Ves-
per Sparrows was similar. Both species chose
sites with increased bare ground and reduced
short graminoid and shrub cover. Vesper Spar-
rows also selected sites with increased litter cov-
er, whereas Horned Larks were positively asso-
ciated with increased blueberry cover (Table 2).
In general, Upland Sandpipers were not highly
selective but did occupy areas with sparse litter
and blueberry cover (Table 2).

All seven species showed considerable year-
to-year variation in the habitats they occupied.
Overall, there was significant annual variation in
22 of 33 of the habitat parameters that showed
differences between used and unoccupied habi-
tat. These between-year differences ranged be-
tween 2.8 and 10.9%.

Although each species selected certain sites
that were associated with particular vegetative
characteristics, Spearman rank analysis revealed
few clear correlations between a species’ density
and any habitat parameter. None of the four spe-
cies associated with grass cover showed corre-
lations with any habitat parameters. Upland
Sandpiper densities were positively associated
with bare ground (r;, = 0.457, P < 0.005) and
were negatively associated with tall forbs (r, =
—0.531, P < 0.005) and tall shrubs (r, =
~-0.734, P < 0.001). Horned Lark densities were
negatively correlated with short graminoid cover
(r, = —0.532, P < 0.005) and tall forb (r, =
—0.466, P < 0.005) and tall shrub cover (r, =
—0.637, P < 0.005). Field Sparrow density was
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TABLE 2. EXTENDED.
Species

Savannah Sparrow Grasshopper Sparrow Bobolink Eastern Meadowlark
Territory Nonterritory Territory Nonterritory Territory Nonterritory Territory Nonterritory

283 355 319 318 261 377 121 517
22.1 (1.0) 23.2 (0.6) 23.7 (0.9) 22.4 (0.6) 21.8 (0.8) 23.5 (0.7) 24.5 (1.2) 22.4 (0.6)
28.8 (0.8)2b 33.2 (0.6) 28.6 (0.7)2° 33.7 (0.7) 30.8 (0.6) 32.8 (0.7) 26.0 (0.8)2> 33.4 (0.6)
29.3 (0.7)2b 20.9 (0.6) 24.1 (0.8)2b 20.2 (0.6) 21.8 (0.8) 21.3 (0.6) 27.1 (1.1)2b> 20.2 (0.5)
25.7 (1.0)* 21.0 (0.8) 22.6 (0.9) 20.9 (0.8) 23.4 (0.9 20.2 (0.8) 21.4 (1.0) 21.5(0.7)
16.8 (1.1)2b 14.5 (0.7) 14.6 (0.9) 15.4 (0.8) 15.8 (0.9) 14.7 (0.8) 18.3 (1.3)2b 14.4 (0.7)
27.4 (1.0) 27.1 (0.7) 28.7 (0.9)2b 26.3 (0.7) 29.5 (0.8)2> 26.3 (0.8) 31.2 (1.1)2b 26.2 (0.7)
26.7 (1.2 31.6 (0.8) 26.4 (1.02 303 (0.8) 32.6 (1.0)»b 29.2 (0.9) 26.7 (1.4 31.0 (0.7)
18.2 (1.3)2> 22.1 (0.7) 20.1 (1.2)2> 16.1 (0.9) 17.1 (1.1) 15.9 (0.9) 20.2 (1.6)2 15.5 (0.7)
19.7 (1.1)2 229 (0.7) 20.6 (0.9) 22.9 (0.8) 24.1 (0.92b 16.9 (0.8) 20.0 (1.2) 22.4 (0.7)

negatively associated with bare ground (r, =
—0.551, P < 0.005), tall graminoids (r, =
—0.467, P < 0.005), and tall forbs (r, = —0.512,
P < 0.005) and was positively associated with
litter (r, = 0.603, P < 0.005), short graminoids
(r, = 0.663, P < 0.001), and tall shrubs (r, =
0.519, P < 0.005).

EFFECTS OF HABITAT MANIPULATION ON HABITAT
SELECTION PATTERNS

Herbicide use reduced densities of Savannah
and Grasshopper sparrows, Bobolinks, and East-
ern Meadowlarks, whereas Horned Lark densi-
ties increased with herbicide use (Table 3). Her-
bicide use did not affect Upland Sandpiper or
Vesper Sparrow densities (Table 3). In sprayed
plots, Savannah Sparrow and Bobolink densities
increased with time since burning and herbicide
use, whereas Upland Sandpiper and Horned
Lark densities declined with time since burning
and herbicide use.

Burn effects

Prescribed burning reduced burn-year densi-
ties for Savannah and Grasshopper sparrows,
Bobolinks, and Eastern Meadowlarks such that,

TABLE 3.
RITORY DENSITY AT KENNEBUNK, MAINE, 1984—-1991

except for Savannah Sparrows, there was no dif-
ference between unsprayed and sprayed (1 or 2
herbicide applications) treatments; all four of
these species showed similar declines on treated
plots compared to control plots (Fig. 2). This
decline persisted for only 1 yr for unsprayed
plots, however (Fig. 2). Bobolink densities were
highest in treated and control plots 1-2 yr post-
burn.

Densities of Upland Sandpipers, Horned
Larks, and Vesper Sparrows were generally
greatest in the burn year or first year thereafter
(Fig. 3). Horned Larks only occurred on burn-
year plots in unsprayed areas (Fig. 3).

Herbicide effects

In plots sprayed with herbicide, territory den-
sities were sharply reduced for the four species
that were positively associated with graminoid
cover (Fig. 2). Eastern Meadowlark densities
were consistently greater in unsprayed than in
sprayed plots (Fig. 2). Densities of Savannah
Sparrows, Grasshopper Sparrows, and Bobo-
links were also negatively affected by spraying,
at least initially (Fig. 2). Depending on the spe-

REPEATED MEASURES ANALYSIS OF VARIANCE FOR EFFECTS OF HERBICIDE USE ON GRASSLAND BIRD TER-

Herbicide effect

Species df F-ratio P Response to herbicide

Upland Sandpiper 2,6 1.579 ns?

Horned Lark 2,6 5.639 0.035 +
Vesper Sparrow 2,6 0.563 ns

Savannah Sparrow 2,6 9.451 0.014 -
Grasshopper Sparrow 2,6 10.809 0.003 -
Bobolink 2,6 9.454 0.014 -
Eastern Meadowlark 2,6 28.013 0.001 -

2 Nonsignificant (P > 0.05).
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Bare Ground

Cover (%)

a 2 Sprays
s 1 Spray
0 No Sprays

Years Post-Burn

FIGURE 1. Mean cover values (percent) of nine habitat variables measured at Kennebunk, Maine, 1984-1991.
Depending on the number of applications, herbicide spray reduced cover of short gramineid, short and tall forbs,
and short and tall shrubs for 2—6 yr. Letters and bars represent mean cover values of significant habitat variables
associated with four species that preferred extensive graminoid cover (Savannah Sparrow [S], -Grasshopper
Sparrow [G], Eastern Meadowlark [M], and Bobolink [B]) and three species that preferred sparser cover (Upland
Sandpiper [U], Horned Lark [L], and Vesper Sparrow [V]).
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cies and number of herbicide applications, these
effects persisted for 2-6 yr (Fig. 2).

Eastern Meadowlark densities appeared to be
negatively affected by herbicide-induced reduc-
tions in short graminoid and short and tall forb
cover and increases. in blueberry cover (Fig. 1).
Increased litter and decreased tall forb cover in
years 5—-8 did not seem to affect meadowlark
densities, even though the birds selected habitat
with reduced litter and greater tall forb cover
(Fig. 1). This suggests that this species was tol-
erant of changes in these two parameters but that
herbicide-induced reduction in short.graminoid
cover, coupled with increased blueberry cover,
effectively limited habitat use by meadowlarks.

Savannah and Grasshopper sparrows dis-
played a similar pattern: As a result of herbicide
spray, especially two applications, densities
were reduced to levels that were similar to, or
lower than, those found in unsprayed burn-year
plots (Fig. 2). In sprayed plots, it took Savannah
Sparrow densities 2—3 yr to recover to control-
plot levels (Fig. 2). It took Grasshopper Sparrow
densities 5 yr to recover to control-plot levels
after spraying (Fig. 2). The number of herbicide
applications (1-2) did not seem to affect the du-
ration of this recovery period, though Grasshop-
per Sparrow densities were initially greater in
plots that had been sprayed only once (Fig. 2).
For both species, herbicide-induced decreases in
short graminoid and short shrub cover apparent-
ly limited the amount of available habitat for 2
yr postspray. An increase in litter- coupled with
decreases in tall forb and short shrub cover ap-
peared to affect Grasshopper Sparrows more
than 4 yr postspray.

Bobolink densities in plots that were sprayed
twice did not recover to control-plot densities
until 5 yr after treatment (Fig. 2). The near ab-
sence of tall forbs and tall shrubs in these plots
appeared to have a negative effect on Bobolinks
for 4 yr (Fig. 2). The steady decline in tall gra-
minoids and tall forbs (years 4—8) appeared to
have a negative effect on Bobolink densities in
unsprayed plots (Fig. 2).

Horned Larks occurred only in plots that were
burned or burned and sprayed, or in production-
year plots that had been recently sprayed; they
never occurred in unsprayed production-year

-

FIGURE 2. Mean nesting densities of four species
that were positively associated with graminoid cover
were adversely affected by herbicide spray at Kenne-
bunk, Maine, 1984—-1991. Eastern Meadowlark densi-
ties had not recovered 6 yr after spraying. Depending
on the number of herbicide applications, Grasshopper
Sparrow, Savannah Sparrow, and Bobolink densities
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were reduced for 2-5 yr. “A” indicates difference (P
< 0.05) between unsprayed and single-spray plots;
“B” indicates difference between unsprayed plots and
plots sprayed twice; “C” indicates difference between
plots sprayed once versus twice. Irrespective of her-
bicide treatment (0, 1, or 2 applications), densities on
burn-year plots differed (P < 0.05) from those on con-
trol plots (unsprayed 1 yr postburn). Standard errors
(not shown) were less than 0.2 territories per 10 ha for
all significant differences.
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FIGURE 3. Mean nesting densities of four species

that were not adversely affected by herbicide use at
Kennebunk, Maine, 1984—1991. Burning and spraying
benefited Horned Larks; they occurred only in plots
that had been recently burned or burned and sprayed.
Field Sparrows did not nest in recently burned or
sprayed plots but started to occupy territories 3 yr post-
burn. “A’” indicates difference (P < 0.05) between un-
sprayed and single-spray plots; “B” indicates differ-
ence between unsprayed plots and plots sprayed twice;
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plots (Fig. 3). Not surprisingly, extensive bare
ground and reduced graminoid cover provided
preferred habitat for Horned Larks (Table 2).
Upland Sandpipers and Vesper Sparrows were
unaffected by spraying (Fig. 3).

Successional effects

Savannah and Grasshopper sparrow densities
in unsprayed plots declined notably 4-5 yr post-
burn (Fig. 2). Grasshopper Sparrow densities in
unsprayed plots were greater in the first 4 yr
than in the latter 4 yr of the study (F = 4.871;
df = 1, 3; P = 0.031); Savannah Sparrow den-
sities displayed a similar pattern (F = 3.289; df
= 1, 3; P = 0.074). Both species appeared to be
adversely affected by the combination of in-
creased litter and short graminoid cover and di-
minished short shrub cover 5-8 yr postfire (Fig.
D).

Upland Sandpiper, Horned Lark, and Vesper
Sparrow densities generally declined as the time
since the most recent fire increased (Fig. 3). In
unsprayed areas, densities for all three species
declined with time since the most recent burn
(Upland Sandpiper: r, = 0.255, P = 0.003;
Horned Lark: r, = 0.230, P = 0.004; Vesper
Sparrow: r, = 0.193, P = 0.01). It was likely
that increased litter coupled with reductions in
bare ground and increased tall shrub cover re-
duced habitat suitability for Upland Sandpipers
(Fig. 1). The reduction in bare ground and in-
creased litter cover and short graminoid cover
appeared to reduce habitat suitability for Vesper
Sparrows (Figs. 1 and 3).

Field Sparrows did not occur on recently
burned or sprayed plots but occurred in low den-
sities on plots 3 yr postburn; they increased
steadily thereafter (r, = 0.243, P = 0.002; Fig.
3). Densities were greater in sprayed plots 4—6
yr postspray than in unsprayed plots. This ap-
peared to reflect the increased tall shrub cover,
which this species prefers, in these plots (Evans
1978; Figs. 1 and 3).

DISCUSSION
HABITAT SELECTION BY GRASSLAND BIRDS

Grasshopper and Savannah sparrows, Bobo-
links, and Eastern Meadowlarks all had similar
cover values for significant, occupied habitat pa-
rameters. On average, these cover values were
quite different from those for Upland Sandpip-

«—

“C” indicates difference between plots sprayed once
versus twice. Standard errors (not shown) were less
than 0.02 territories per 10 ha for all significant dif-
ferences.
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ers, Horned Larks, and Vesper Sparrows (Table
2). Interestingly, the habitat for each species was
defined by a unique set of significant vegetation
parameters rather than any notably different
measures of a shared habitat variable.

Although certain habitat parameters were
closely associated with a species’ occupancy of
this site, there was significant between-year var-
iation (3-10%) in cover values for more than
half of these parameters. Wiens (1973) found
similar variability for Grasshopper and Savan-
nah sparrows in Wisconsin, suggesting flexibil-
ity in the habitat-selection process—an ‘‘opti-
mality plateau’ rather than a ‘‘single optimum
expression of habitat selection” (Wiens 1985:
244).

The breadth and configuration of an ‘““opti-
mality plateau,” however, may depend on the
scale or resolution of the study (Wiens 1981). In
our study, density was used to infer coarse-grain
patterns of “‘acceptable” or ‘‘adequate” breed-
ing habitat but not to make fine-grain distinc-
tions of high-, medium-, or low-quality habitats
(Van Horne 1983). Previous research at Kenne-
bunk determined that there was less variability
in vegetation cover values for highly successful
territories compared with territories in general
for three breeding Emberizid sparrows (Vickery
et al. 1992a). Thus, a plateau that appears to be
a flat tableland at a general level of resolution
may in fact be more patchy and three-dimen-
sional when examined at a finer scale.

EFFECTS OF BURNING AND HERBICIDE SPRAYING

Use of prescribed burns and herbicides had
profound effects on vegetation physiognomy at
Kennebunk, and these changes in turn affected
patterns of territory occupancy by grassland
birds.

Although prescribed burning reduced densi-
ties of nesting Grasshopper and Savannah spar-
rows, Bobolinks, and Eastern Meadowlarks, this
effect was temporary and persisted for only 1 yr.
Thus, for most species, burning appeared to be
a key disturbance factor that led to high densities
of these species over the subsequent 2—4 yr. The
general pattern at Kennebunk was similar to the
response to fire by the same species in North
Dakota; populations were depressed immediate-
ly after burning but had highest densities 2-5 yr
postfire and then gradually declined (Cody 1985,
Johnson 1997). High burn frequency was also
essential in creating and maintaining breeding
habitat for Horned Larks. This disturbance, how-
ever, precluded Field Sparrows from establishing
territories at Kennebunk; the species was not
present until the latter years of our study (1987~
1991) when active management had ceased and
successional effects were apparent.
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Herbicide spraying had a more prolonged ef-
fect on reducing population densities for Grass-
hopper and Savannah sparrows, Bobolinks, and
Eastern Meadowlarks. Except for Eastern Mead-
owlarks, which had not recovered in 6 yr, there
was a general pattern of recovery that took 2—6
yr depending on the number of herbicide appli-
cations. These results follow the same general
pattern found in forest systems sprayed with her-
bicide; avian declines are usually short-term (see
Lautenschlager 1991 for review).

There is a notable difference, however, be-
tween the use of herbicides in forestry and in
blueberry agriculture. In forest conifer-release
programs, herbicides are usually applied only
once (Lautenschlager 1991), whereas they are
usually applied biennially on commercial low-
bush blueberry fields. Furthermore, many blue-
berry fields have been sprayed four or more times
in the past decade. More than 90% of Maine’s
commercial blueberry fields have been sprayed
with herbicide (D. Yarborough, pers. comm.),
whereas less than 10% of Maine’s forests have
been sprayed (R. A. Lautenschlager, pers.
comm.). Persistent biennial use of herbicides
would presumably lead to permanent depression
of breeding populations for at least five of the
bird species we examined. Such declines are
likely to have profound effects on populations
of these species, several of which are rare or
regionally threatened grassland birds (Vickery
1992, Vickery et al. 1994).
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