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Abstract: Little attention has been paid, particularly in North America, to the importance of the mosaic of
farmland habitats for the conservation of native plant species. We examined patterns in plant species richness, composition, and abundance at the scale of site, habitat (sites of a given habitat type pooled), and landscape for 10 farmland habitats (crop, hay field, pasture, old field, herbaceous fencerow, woody fencerow,
roadside, ditch, plantation, woodlot) at 121 sites in eastern Ontario, Canada. At the site level, woodlots (3–79
ha) had the highest richness of overall (average 57.6 species), woody (23.4), and herbaceous species (25.0).
Crop, herbaceous fencerow, and plantation habitats had few native species per site. Introduced species comprised 50% of herbs per site in seven habitats. Across habitats, 305 species were observed; 227 species were
herbaceous, 70% of which were native and 31% of which were weeds. Wooded fencerows had the highest species richness in total (153) and for herbs (107). Woodlots had the most woody species (56). Percent native
species was generally lower and percent weeds higher at the site level than at the habitat level. All habitats
had unique species; woodlots had the highest number of unique species ( 74). Results of the multivariate
analysis for abundant herbs revealed that woodlots and plantations were different, as were crop and ditch
habitats. The results of our landscape-level study show that plant species richness and composition varied substantially among the five landscapes studied, ranging from a row-crop monoculture landscape to a diverse
mosaic of crop and noncrop habitat landscape. The row-crop monoculture landscape had 11% of total, 4% of
native, 27% of introduced, and 27% of the weed species found in the landscape with a greater diversity of crop
and noncrop habitats. The richness of introduced and weed species was asymptotic with the addition of ditch,
hayfield, and pasture in the landscape, and native species richness increased steeply, particularly with the addition of marsh, wooded fencerow, and woodlot. Our results emphasize the importance of maintaining a diverse mosaic of habitats and of noncrop habitats in farmland for conserving herbaceous and woody native
plants.
Importancia de Hábitats Agropecuarios para la Conservación de Especies de Plantas
Resumen: Se ha puesto poca atención, especialmente en Norte América, en la importancia del mosaico de
hábitats agropecuarios para la conservación de especies de plantas nativas. Examinamos patrones de riqueza, composición y abundancia de especies, hábitat (conjunción de sitios de un determinado tipo de hábitat)
y escalas de paisaje en 10 hábitats agropecuarios (cultivo, campo de paja, pastura, campo abandonado, cercos herbáceos, cercos leñosos, orilla de camino, zanjas, plantación, bosque) en 121 sitios en el este de Ontario,
Canadá. Al nivel de sitio, el bosque (3–79) ha) tuvo la mayor riqueza total ( promedio de 57.6 especies), de
especies leñosas (23.4) y herbáceas (25.0). Los cultivos, cercos herbáceos y plantaciones tuvieron pocas especies nativas por sitio. Las especies introducidas constituyeron 50% de herbáceas por sitio en siete hábitats.
En todos los hábitats se observaron 305 especies; 227 fueron herbáceas, de las cuales el 70% fueron nativas y
el 31% fueron hierbas. Los cercos leñosos tuvieron la mayor riqueza total (153) y de hierbas (107). El bosque
tuvo la mayor cantidad de especies leñosas (56). Porcentualmente, las especies nativas generalmente fueron
menores y las hierbas mayores al comparar sitios con niveles de hábitat. Todos los hábitats tuvieron especies
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únicas; el bosque tuvo la mayor cantidad de especies únicas ( 74). Los resultados del análisis multivariado
de herbáceas abundantes indicaron que el bosque y la plantación fueron diferentes, como lo fueron el cultivo y la zanja. Los resultados de nuestro estudio a nivel de paisaje muestran que la riqueza y composición
de especies vegetales variaron significativamente en los cinco escenarios paisajísticos estudiados, desde el
paisaje de monocultivo hasta un mosaico diverso de hábitats con y sin cultivos. El paisaje con monocultivo
tuvo 11% del total, 4% de nativas, 27% de introducidas y 27% de las especies herbáceas registradas en el
paisaje con una mayor diversidad de hábitats con y sin cultivos. La riqueza de especies herbáceas e introducidas fueron asintóticas con la adición de zanja, campo de paja y pastura al paisaje, y la riqueza de especies nativas incrementó abruptamente, particularmente con la adición de ciénega, cerco leñoso y bosque.
Nuestros resultados enfatizan la importancia de mantener un mosaico diverso de hábitats y de hábitats sin
cultivos en terrenos agropecuarios para conservar plantas herbáceas y leñosas nativas.

Introduction
Many native plant species have been affected negatively
by agricultural land use, primarily through loss and modifications of forested and wetland habitats, use of agrochemicals (pesticides and fertilizers), grazing, and introduction of nonindigenous competitors (Eijsackers &
Quispel 1988; Bunce & Howard 1990; Freemark 1995;
Freemark & Boutin 1995; McLaughlin & Mineau 1995;
Jobin et al. 1997; Boutin & Jobin 1998). Other native
plant species have benefited from agricultural activities
concomitant with forest removal, especially those growing in more open types of landscapes or those taking advantage of anthropogenic circumstances such as trampling by livestock in pastures (de Blois & Bouchard
1995). Despite the latter, of the plant species listed by
the Committee on the Status of Endangered Wildlife in
Canada (COSEWIC 1994), agriculture is responsible for
23% of the threats to endangered species, 15% to threatened species, and 16% to vulnerable species. For all
three status categories combined, agriculture is tied
with harvesting and recreation in posing the greatest
threat—18% of total number of threats—to these plant
species in Canada. In Finland, agriculture is a major
threat to 25% of the country’s endangered species, and
forestry practices threaten 50% of these species (Hanski
& Tiainen 1988). In Britain, changes in agricultural practices have resulted in some arable weeds becoming rare
( Wilson 1991).
Little attention has been paid, particularly in North
America, to the importance of the mosaic of farmland
habitats for the conservation of native plant species. A
number of studies have documented the importance of
noncrop habitats as refuges for plant species typical of
once-dominant regional vegetation ( Bunce & Hallam
1993; Boutin et al. 1994; Morgan et al. 1995; Galatowitsch & Van der Valk 1996; Jobin et al. 1996; Boutin &
Jobin 1998). Because of the extent of loss and fragmentation of native habitats in agricultural landscapes, plant
studies have also addressed issues of species isolation
and dispersal ( Johnson 1988; Marshall & Hopkins 1990;
Verkaar 1990; van Ruremonde & Kalkhoven 1991). The
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effects of woodland loss and isolation have received particular attention (Middleton & Merriam 1983; Dunn &
Loehle 1988), most recently in relation to metapopulation dynamics (Ouborg 1993). The role of wooded
fencerows has also been examined to assess the extent
to which they provide habitat for and facilitate the dispersal of woodland plant species (Burel & Baudry 1990;
Fritz & Merriam 1993, 1994, 1996; Riffell & Gutzwiller
1996; Corbit et al. 1999). Recent interest in agricultural
set-asides in Europe ( Pain & Pienkowski 1997) has resulted in a proliferation of studies of plant-species establishment ( Poulton & Swash 1992; Rew et al. 1992) and
management regimes to reduce the contribution of
weeds while enhancing biodiversity (Smith & Macdonald 1992; Corbet 1995).
We analyzed plant-species patterns at site, habitat, and
landscape scales in the mosaic of farmland habitats typical of agricultural regions such as eastern Ontario, Canada. We hope to contribute to the development of indicators of sustainable land use, agricultural policy, and
specific management recommendations for farmers and
other landowners which will enhance plant-species conservation in agricultural landscapes. Paoletti et al. (1992)
reviewed opportunities to conserve biodiversity
through the development of sustainable food-production strategies and concluded that the objectives of both
are compatible economically. Our results supplement
those of Keddy et al. (1993).

Methods
Habitat Sampling
We mapped farmland habitats within a 400-m radius
around 45 stops along breeding-bird-survey routes near
Ottawa, Ontario, Canada. In the summers of 1992 and
1993, we sampled herbaceous and woody species at 105
sites in 10 common farmland habitats (Table 1). All sampling was done by C.J.K. Species identification and taxonomy were based on the work of Gleason (1968), Fernald (1970), and Dore and McNeill (1980), and some
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difficult species were compared with herbarium specimens at the Canadian Museum of Nature in Ottawa.
For herbaceous species, the presence and percent cover
(visual estimate to the nearest 5%) of all species were recorded in each of three 1  5 m transects at a site (total
15 m2 ). Crop species were not included except in hay
fields, because it was not possible to differentiate between planted and volunteer species. In block habitats
such as crop, woodlot, and old-field habitats, transects
were oriented along three radii of a circle whose center
was randomly located within the site. Each transect began 5 m from the center of the circle. For strip habitats
such as fencerow and ditch, transects were located randomly within a 66-m section of the site. Percent cover was
recorded only for species with 5% cover in a transect.
For these species, abundance was measured as mean percent cover (i.e., 1.7% when averaged over three
transects). Species richness was the total number of species from all three transects. We recorded additional species found at each site, but not observed in the sample,
to obtain a more complete list of species at a site. The
percentage of all species at a site that was recorded in
sample transects ranged from 61% for three woodlots to
86% for 16 wooded fencerows.
Herbaceous data for woodlots were supplemented
with data collected in 1979 from five additional woodlots (13–30 ha) in the study area ( K.E.F., unpublished
data). In 1979, species were sampled by placement of
20 pairs of 1-m2 quadrats randomly within each woodlot. For each species, percent cover was recorded in
each quadrat. For the current study, seven pairs of these
quadrats plus one of an additional pair (total 15 m2 ) were
selected for each woodlot in as close proximity to another
as possible. Abundance was determined for species with
25% cover (i.e., 25 cm2  5% of 5 m2, the minimal cover
recorded in the 1990s data) in any of the 15 quadrats. For
these species, percent cover was determined as the
mean for 15 quadrats. The percentage of all species observed at a site that was recorded in the sample quadrats
averaged 64% and was comparable to that for 1990s
data.
For sites with woody species, excluding woodlots, species of shrubs (5 m tall) and trees ( 5 m tall) and the
number of stems of each were recorded in a randomly
placed 66  5 m transect. Tree-crop species were included on the list of species for plantations, because in
some plantations they represented the only woody species. The percentage of all woody species observed at a
site that was recorded in sample transects ranged from
83% to 95% among habitats. These data were supplemented with 1980 woodlot data from 16 sites (5 of
which were also sampled for herbs in 1979) studied by
Freemark and Merriam (1986) where the presence of
tree and shrub species was recorded within eight 250m2 quadrats (approximately equivalent in area to the
1990s sampling transect). The percentage of all woody
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species observed at a site that was recorded in sample
quadrats was close to 100%. To maintain an accuracy
comparable to similar habitats sampled in the 1990s, the
species list for each woodlot sampled in 1980 and used
in this study was established as follows. The 1990s sampling efficiency at wooded fencerow sites, considered
the habitat most similar to woodlots, was 90%. For each
woodlot, the number of quadrats required to obtain 90%
of the total woody species was determined, and the species occurring in these randomly selected quadrats were
recorded.
Habitat Analysis
Plant species were classified as herbaceous, woody, native, and introduced. We defined an introduced species
as one that did not occur in our study area prior to European settlement and that arrived as a direct or indirect
result of human activity. Only 4 of 79 woody species observed were classified as introduced.
Herbaceous species were further categorized as (1) a
noxious weed, if mentioned in the Noxious Weed Act
(Anonymous 1981) or on herbicide labels in Canada; (2)
an other weed if it was repeatedly recorded as a weed in
field surveys (Alex & Switzer 1982; Frankton & Mulligan
1987; Ontario Ministry of Agriculture, Food and Rural Affairs 1995), which corresponds largely to unwanted
plants found in pastures; or (3) a non-weed. For some
species, classification was based in part on the personal
knowledge of C.B.
Species-accumulation curves, using PC-ORD (MjM Software Design 1997), were constructed separately for each
habitat for all herbs, abundant herbs (cover 1.7%), native herbs, introduced herbs, weedy herbs, and woody
species. The program subsamples the data set a maximum of 500 times and calculates the average number of
species as a function of sample size. Sampling efficiency
(%) per habitat was calculated from the observed number of species divided by the first-order jackknife estimator of the total number of species.
Mean species richness per site was tabulated for each
plant group for each habitat type. We used a randomization analysis to test for significant differences ( p  0.05)
in the average number of species per site among habitats
using Ryan’s multiple-comparison procedure.
Using cluster analysis, we examined the similarity in
species composition among habitats based on all herbaceous species, abundant herbaceous species (cover
1.7% at a site), and all herbaceous species plus woody
species. For each habitat, we measured species richness
by counting all species identified across sites. Cover for
abundant species was averaged across sites. Habitat similarity was determined by inspection of the dendogram
produced by agglomerative, unweighted pair-group mean
averaging using the Jaccard index (100 [species in both
habitat A and B]/[all species in A and/or B]).
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We used detrended correspondence analysis (DCA; ter
Braak 1987) to further examine relationships among habitats based on the composition and relative abundance of
abundant species (cover 1.7% at a site) by site. When
data from plantations were included in the DCA, a primary axis could not be extracted because the flora of
these sites was so different from other habitats. The DCA
was therefore performed on the remaining habitats only
(n  112 sites).
We conducted a multivariate analysis of variance
(MANOVA) on the DCA scores for each site with SAS,
following the procedure outlined by Scheiner (1993)
that simultaneously tests for overall effects of the independent variable ( habitats) on several dependent variables (DCA scores on axes 1, 2, and 3). Each site in the
DCA was used in the MANOVA. Because the design was
unbalanced, in that there were more sites in some habitats than others, we used the type III sums of squares for
determining the F statistic (Scheiner 1993). Both Pillai’s
trace (the most robust to deviations from assumptions of
non-normal and homoscedastic data) and Roy’s greatest
root (the most powerful) were used to determine the
significance of the differences. Level of significance ( p 
0.05) was adjusted for multiple comparisons.
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habitat) because this habitat was not present in the farmland areas sampled in the present study.
For comparison, results for native birds, which nest in
Iowa farmland, were calculated from the data of Best et
al. (1995). Habitats were represented as follows: for
crop, tilled row crop and small grains; for hay field, alfalfa and grass hay field; for ditch, grassed waterway; for
marsh, natural marsh; for plantation, shelterbelt; and for
woodlot, upland forest. Species documented or presumed to breed were tabulated for each scenario.

Results
Sampling Efficiency
Using PC-ORD ( MjM Software Design 1997 ), we calculated that sampling efficiency for all species groups
among habitats averaged 70%. Species group means
ranged from 67% to 72% ( Table 1). Sampling different
numbers of sites among habitats resulted in similar sampling efficiencies among habitats within species groups
(difference between highest and lowest sampling efficiency within a species group was 15%; range 12–17%).
Plantations tended to be undersampled and old fields
oversampled relative to other habitats.

Landscape Scenarios
To assess effects of different habitat mosaics on species
richness, five landscape scenarios were constructed: (1)
crop, herbaceous fencerow, and herbaceous roadside;
(2) scenario 1 items plus ditch, hay field, and pasture;
(3) scenario 2 items plus old field and marsh; (4) scenario 3 items plus wooded fencerow and plantation; and
(5) scenario 4 items plus woodlot.
The scenarios were adapted from those of Best et al.
(1995) and were intended to represent a gradient ranging
from habitat mosaics on a 60-ha section characteristic of
intensively farmed areas to those associated with more
sustainable and environmentally compatible farming. All
five scenarios can be found in the Mixed Wood Ecozone
of Canada (ESWG 1996) and the Cornbelt Plains Ecoregion of the United States (Omernik 1987).
For each landscape scenario, we estimated plant richness by counting all species identified across habitats.
One site from each habitat present in the scenario was
selected at random from the current dataset. The set of
sites was used to create a species list for the scenario,
with total and native species number tabulated as well
as introduced species and weedy herbs. The simulation
was repeated 1000 times, and the average and standard
deviation of the simulated counts was tabulated. Species
lists for marsh habitats reported in other studies (Keddy
1989a, 1989b) were used to obtain an estimate of 15 native species unique to marsh (we assumed that introduced wetland species were already present in the ditch

Conservation Biology
Volume 16, No. 2, April 2002

Site Scale
Total, woody, and herbaceous plant-species richness per
site varied significantly among habitats (Table 2). Woodlots had significantly higher total species richness per
site (57.6) than all other habitats. Crop (7.5) and plantation (6.6) habitats had significantly fewer species per
site than most other habitats.
Some of the differences in total richness were attributable to the presence of woody species in five of the habitats (Table 2). Woodlots had significantly more species
per site (23.4) than the other four habitats with woody
species. Significantly fewer woody species per site were
observed for ditches (2.3), which were wooded at only
3 of 10 sites, and plantations (1.7), as one would expect
for a tree crop.
Herbaceous species also showed significant differences in richness per site among habitats (Table 2). Significantly fewer herbaceous species were found in crop
( 7.5), plantation (4.9), and herbaceous fencerow (9.2)
habitats. Woodlots had the highest species richness per
site (25.0), but only significantly more than the previous
three habitats. As one would expect, crop habitat had
the fewest abundant (i.e., cover  1.7% ) herbaceous
species (0.8) and significantly fewer than all other habitats except plantations (1.0). Old fields had more abundant herbaceous species per site (9.6) than other habitats and significantly more than the five habitats with the
fewest.
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Definition and sampling effort for farmland habitats studied in eastern Ontario, Canada.

Habitat

Code

Definition

Crop

C

Ditch

D

Hay field

F

fields of row crops (soybean, corn, oats,
barley) and perennial crops (alfalfa, clover);
actively managed by various practices
permanent or intermittent watercourses
within or between fields; typically 10 m
wide; may contain woody species
fields dominated by grasses and forbs;
no woody species; periodically mown
for forage but are otherwise unmanaged
narrow, grassy strips between fields, usually
with fencelines; no woody species;
not obviously managed
early-successional stages after land
abandonment consisting of grasses, forbs,
scattered shrubs, and small saplings
fields with evidence of grazing by
livestock, typically cattle
blocks of trees planted in more than three
closely spaced rows for harvest;
typically planted with a single species
of conifer
verge along gravel and secondary paved
roads; no woody species or ditch;
typically bounded by a fenceline and fields
closed-canopy woodland ranging from 3 to 79
ha; minimal evidence of grazing or
logging
continuous to scattered tree and shrub cover
between fields, usually with a fenceline;
mixture of deciduous and coniferous
woody species; not obviously managed

Herbaceous
fencerow

HF

Old field

OF

Pasture

P

Plantation

PL

Roadside

R

Woodlot

W

Wooded
fencerow

WF

No. sites sampled
(% sampling efficiency a)
17
(71,68,66,72,72,—)
10
(72,64,71,74,70,63)
10
(70,68,68,75,72,—)
10
(70,76,65,72,70,—)
10
(74,73,70,75,78,75)
10
(68,68,63,72,70,—)
9
(62,61,59,65,66,59)
10
(69,61,68,70,72,—)
19b
(72,62,73,69,62,88)
16
(69,67,66,75,73,74)

a
Percent efficiency is 100 (species observed/estimated total species). Numbers are for all herbs, abundant herbs, native herbs, introduced herbs,
weedy herbs, and woody species, respectively. Dash (—) indicates that no woody species were recorded for that habitat.
b
Total woodlots sampled, 19: 8 for herbaceous species (5 in 1979, 3 in 1992–1993), 16 for woody species (all in 1979).

Woodlots had significantly more native herbs per site
(20.4) than any other habitat; crop (2.1), plantation
(1.6), and herbaceous fencerow (2.5) habitats had significantly fewer native species than most other habitats
( Table 2). Woodlots had the fewest introduced herbs
per site (2.8), significantly fewer than five other habitats. Introduced species comprised 50% or more of all
herbaceous species per site in 7 of 10 habitats; woodlots
had a significantly lower percentage of introduced species than all other habitats. The proportion of native to
introduced species varied from a high of 7.3 in woodlots
to a low of 0.4 in crop and herbaceous fencerows.
Habitats varied both in number of herbaceous weeds
present and in percentage of weedy flora (Table 2). The
average number of weed species per site ranged from
2.4 (woodlots) to 12.0 (old fields). Except for woodlots
and ditches, the herbaceous flora per site was over 50%
weed species. The proportion of weedy to native herbs
(species not mutually exclusive) was highest for herbaceous fencerow (2.8) and crop (2.7) habitats and lowest
for woodlots (0.1) and ditches (0.6).

The percentage of noxious weeds (Table 2) was highest
in crop habitat (59.3%) and significantly lower in woodlots (6.3%). Other less important weeds were more numerous in herbaceous hedgerows (36.1%). Again, woodlots contained a lower proportion of other weeds than any
other habitat (1.9%). The quotient of weeds to native species was highest for noxious weeds in crop habitats (2.1)
and other weeds in herbaceous hedgerows (1.2) and lowest for both types of weeds in woodlots (0.1 and 0, respectively).

Habitat Scale
A total of 305 plant species was found in the 10 farmland
habitats sampled: 79 woody species (94% native) and 226
herbaceous species (66% native), of which 109 herbaceous species were abundant somewhere (i.e., cover
1.7% at a site). Of the herbaceous species, 31% were agricultural weeds (13% noxious, 18% other) comprised of
32% native and 68% introduced species.
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Mean species richness per site (SE) for 10 farmland habitats in eastern Ontario, Canada.*
Crop

Total no. species
No. woody species

7.50.9
a
No. abundant herbs
0.80.3
(1.7% cover)
a
No. native herbs
2.10.2
a
Native herbs (%)
32.24.3
a
No. introduced herbs 4.90.8
ab
Introduced herbs (%) 60.63.7
cd
Ratio of native
to introduced herbs
0.4
All weeds
no. of species
5.70.7
ab
weed herbs (%)
74.33.9
cd
weeds total (%)
74.33.9
de
no. native weeds
1.80.2
ab
no. weeds
introduced
3.90.7
abc
Noxious weeds
no. of species
4.40.5
ab

weeds total (%)
no. native weeds
no. introduced
weeds
Other weeds
no. of species
weed herbs (%)
weeds total (%)
no. native weeds
no. introduced
weeds
Ratios
total weeds:total
native herbs
noxious weeds:total
native herbs
other weeds:total
native herbs

Herbaceous
Woody
Hay field fencerow Old field Pasture Plantation Roadside Woodlot fencerow

7.50.9 22.93.0 21.53.0
a
cd
cd
2.31.1
a

No. herbaceous
species

weed herbs (%)

Ditch

20.62.4
c
6.61.3
cd
12.61.5
e
62.73.7
b
7.01.1
abc
33.23.7
b
1.8
8.01.3
bc
39.44.0
b
36.44.3
bc
2.90.6
bc

9.21.4 31.33.3 17.12.1
ab
d
c
7.01.3
b

6.63.3
a
1.70.7
a

15.92.1 57.63.2 28.92.4
bc
e
d
23.41.4 9.91.4
c
b

21.53.0
9.21.4 24.32.5 17.12.1 4.92.6 15.92.1 25.03.1 19.01.6
c
ab
c
bc
a
bc
c
c
7.01.0
4.10.8
9.60.8 6.00.5 1.00.8
6.40.7 3.60.9 4.50.5
cd
bc
d
cd
ab
cd
bc
c
8.11.7
2.50.6 11.51.5 5.41.5 1.60.9
6.41.4 20.41.8 7.90.9
cde
ab
de
bc
a
bcd
f
cde
36.63.7 25.32.2 47.34.0 28.24.5 32.30.9 39.55.2 84.33.6 41.93.0
a
a
ab
a
a
a
c
a
11.41.4
6.30.8 11.21.3 11.10.9 3.21.8 8.71.2 2.80.9 9.61.0
c
abc
c
c
a
bc
a
bc
54.13.8 71.02.8 46.23.7 68.74.9 64.90.5 55.65.8 9.32.3 50.73.5
cd
d
bc
d
cd
cd
a
cd
0.7

0.4

1.0

0.5

0.5

0.7

11.61.5
6.90.9 12.00.9 9.21.0 2.91.5 9.11.5
c
bc
c
bc
a
bc
55.23.2 77.83.9 50.83.2 56.24.0 59.315.3 56.76.5
bcd
d
bc
bcd
bcd
bcd
55.23.2 77.83.9 40.23.5 56.24.0 30.70.7 56.76.5
cd
e
bc
cde
ab
cde
3.90.6
2.00.5
5.20.4 1.80.3 0.60.3 3.00.6
bc
ab
c
ab
a
bc

0.8

2.40.7 9.50.9
a
bc
8.21.7 51.33.4
a
bc
5.71.0 34.73.2
a
b
0.50.2 3.40.5
a
bc

5.10.8 7.71.0
abc
c

4.90.5
abc

6.80.7 7.40.8
c
c

2.31.2
ab

6.11.1
bc

1.90.6
a

6.10.7
bc

4.00.6 4.80.7
ab
b

4.00.7
ab

4.60.5 4.70.4
b
b

1.60.7
a

4.21.0
ab

1.90.5
a

4.20.4
ab

59.34.3 21.53.1 23.02.4 41.83.9 19.11.6 29.93.3 36.29.0 24.93.3
e
bc
bcd
de
b
bcd
cde
bcd
59.34.3 19.93.2 23.02.4 41.83.9 15.11.5 29.93.3 19.06.6 24.93.3
e
abc
bc
de
ab
cd
abc
bc
1.80.2 1.40.3 1.70.3
1.60.3
1.50.3 0.90.2 0.30.2 2.00.4
c
bc
bc
bc
bc
abc
a
c
2.50.4 2.60.5 3.10.6
ab
ab
ab
1.40.4
ab
15.02.9
b
15.02.9
abc
0.00.0
a

7.3

4.01.0
bcd
17.93.9
bc
16.53.8
abc
1.50.4
cd

2.40.5
ab

3.10.4 3.80.2
ab
b

1.20.5
a

2.20.7
ab

6.80.9
2.90.3
7.40.5 4.50.8 1.30.9 4.90.7
d
bc
d
bcd
ab
cd
32.23.2 36.15.2 31.72.1 26.33.5 23.18.6 31.84.4
bc
c
bc
bc
bc
bc
32.23.2 36.15.2 25.12.2 26.33.5 11.85.0 31.84.4
de
e
bcde
cde
ab
de
2.20.6
0.40.2
3.70.3 0.90.3 0.20.2 1.00.3
de
abc
e
bcd
abc
bcd

1.40.4 2.50.6 4.60.5
abc
abcd
d

2.50.2
abcd

3.70.4 3.60.7
cd
bcd

6.31.6 22.42.0
a
bc
4.80.7 15.41.8
a
abc
0.50.2 1.80.2
ab
c
1.40.5
a

2.40.4
ab

0.50.3 5.30.6
a
cd
1.91.0 28.92.9
a
bc
0.90.6 19.32.0
a
bcd
0.00.0 1.60.4
ab
cd

1.10.7
ab

3.90.6
d

0.50.3
a

3.70.5
bcd

2.7

0.6

1.4

2.8

1.0

1.7

1.8

1.4

0.1

1.2

2.1

0.3

0.6

1.6

0.4

0.9

1.0

0.7

0.1

0.5

0.7

0.3

0.8

1.2

0.7

0.8

0.8

0.8

0.0

0.7

*Habitats that are significantly different (randomnization test; Ryan’s multiple-comparison procedure; p 0.05) are followed by different letters.
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Trends observed for species richness per site ( Table
2) were similar to those for species richness by habitat
( Fig. 1a), except that wooded fencerow rather than
woodlot had the highest richness in total (143), largely
because of more herbaceous species, especially abundant ones. Plantations had the fewest herbaceous (28)
and woody species (10) ( Fig. 1a). Woodlots had the
most woody species (57 ). Among habitats with herbaceous species only, the highest richness was observed in
grass hay fields (77).
Patterns in native—or conversely, introduced—species at the site scale (Table 2) were different from those
at the habitat scale ( Fig. 1b). Native rather than introduced species comprised about 50% or more of all herbaceous species present in 7 of 10 habitats. Percent native species was highest in woodlots (87%) and ditches
( 70%) and lowest in crop (28% ), herbaceous fencerow
(30% ), and plantation (36% ) habitats. In contrast, the
pattern in the percentage of herbaceous weedy species
was generally similar at both the site and habitat scales
(Table 2; Fig. 1b). The percentage of weeds was highest
in crop (73%) and lowest in woodlot (17%) habitats.
Of 226 herbaceous species observed, 97 (43% ) were
unique to a habitat ( Fig. 2). All habitats except planta-

Farmland Plant Conservation

405

tions had unique herbaceous species (Fig. 3). The highest numbers of unique herbaceous species were in
woodlots (48), ditches (13), and wooded fencerows
(10). The most widespread herbaceous species were Equisetum arvense (10 habitats, native, weedy), Taraxacum officinale (10, introduced, weedy), Agropyron
repens (9, native, weedy), Asclepias syriaca (9, native,
weedy), Phleum pratense (9, introduced, non-weedy),
and Vicia cracca (9, introduced, weedy).
Of 109 abundant herbaceous species observed, 60
were unique to a habitat ( Fig. 2), although some may
have occurred in other habitats with cover of 1.7% at a
site. All habitats had unique abundant species ( Fig. 3).
Woodlots and ditches each had 15 unique abundant herbaceous species, two to three times more than most
other habitats. The most widespread abundant herbaceous species were Agropyron repens (8 habitats, native, weedy), Poa pratensis (8, native, weedy), Bromus
inermis ( 7, introduced, non-weedy), Fragaria virginiana (7, native, non-weedy), Phleum pratense (7, introduced, non-weedy), and Vicia cracca ( 7, introduced,
weedy).
Of 79 woody species observed, 37 were unique to a
habitat (Fig. 2). All five habitats with woody species had

Figure 1. Patterns in plant species
richness among farmland habitats
in eastern Ontario, Canada, based
on (a) total numbers of species
pooled across all sites (b) percentage of total herbaceous species that
are native or weedy (n, native species as percentage of total; we, weed
species only as percentage of total
sites). See Table 1 sampling effort.
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Figure 2. Number of habitats in
which a species was found for all
sites with herbaceous species
(black), abundant herbaceous species (cover 1.7% at a site; white),
and woody species (oblique lines),
based on data pooled across sites.
See Table 1 for definitions of habitat types and sampling effort.

unique species (Fig. 3). Woodlots had the most (26), followed by wooded fencerows (7). The most widespread
woody species were Prunus virginiana (5 habitats, native), Rhamnus cathartica (4, introduced), Quercus
macrocarpa (4, native), Ulmus spp. (4, native), Rubus
idaeus (4, native), Parthenocissus vitacea (4, native),
Cornus stolonifera (4, native), Fraxinus pennsylvanica
(4, native), and Crataegus spp. (4, native).
Cluster analyses for all species (Fig. 4a) and all herbaceous species ( Fig. 4b) indicated that woodlots and
plantations were distinct from each other and all other
habitats. Crop and herbaceous fencerow were clustered
together and separated from other habitats. Hay fields
and pastures clustered together as the most similar habitats. Wooded fencerows and old fields also clustered together. Ditches and roadsides were clustered with the
previous four habitats, although the pattern differed
among all species and all herbaceous species. Patterns in
habitat similarity were somewhat different for abundant

herbaceous species. Woodlots and plantations were
again distinct clusters, but so was crop habitat (Fig. 4c).
Statistical analyses of DCA scores also identified woodlot
and crop as distinct habitats (Fig. 5); plantation was excluded to make the DCA tractable. Ditch was also distinct in the DCA.
Landscape Scenarios
Under intensive agriculture, 72% of all plant species
across habitat sites were introduced or weedy (scenario
1, Fig. 6). Relative to the most complex landscape mosaic (scenario 5), scenario 1 had 11% of all species, 4%
of native species, 27% of introduced species, and 27% of
weedy species. In scenario 2, 40% of all species, 26%
of native species, 70% of introduced species, and 74% of
weedy species were represented relative to scenario 5.
The richness of introduced and weedy species increased
just perceptibly beyond scenario 2. In contrast, native

Figure 3. Numbers of species
unique to a habitat, based on data
pooled across sites for all herbaceous species ( black), abundant herbaceous species (cover 1.7% at a
site; white), and woody species (oblique lines). See Table 1 for sampling
effort.
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Figure 4. Similarities among farmland habitats in
eastern Ontario, Canada, based on percent plant species shared between habitats for (a) all herbaceous
and woody species, (b) all herbaceous species, and (c)
abundant herbaceous species (cover 1.7% at a site).

(and therefore total) species richness increased substantially across subsequent scenarios, with the addition of
noncrop habitats such as old field, marsh, wooded
fencerow, and especially woodlot.
For comparison, we also plotted species accumulation
for native nesting birds ( Fig. 6). Scenario 1 provided
nesting habitat for 16% of the 115 species in scenario 5.
Scenario 1 had 4% of the 95 native plant species in scenario 5. By using scenario 5 as the baseline, we can assess the relative conservation benefit of diversifying agricultural landscape mosaics for both plants and birds.
Between scenarios 1 and 2 (i.e., with the addition of
ditches, hay fields, and pastures), plant species richness
increased 22% and bird species richness increased 7%.
With the addition of old fields and marshes between scenarios 2 and 3, plant and bird species richness increased
similarly at 27% and 29%, respectively. With the addition
of wooded fencerow and plantation/shelterbelt (or

planted hedgerow) at scenario 4, plant species richness
increased 11% and bird species richness increased 24%.
Between scenarios 4 and 5, plant and bird species richness increased 36% and 24%, respectively, indicating
that woodlots had a substantial number of unique species of both taxa (but particularly plants) compared with
the other farmland habitats included in the scenarios.

Discussion
The flora of farmland habitats characteristic of agricultural regions such as eastern Ontario consist of an assemblage of plant species diverse in life history, habitat
specificity, origin, and weed status. The conservation
implications of maintaining or losing a particular patch
of habitat in an agricultural landscape can be assessed in
part by examining its plant species richness per unit
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Figure 5. Similarities among farmland habitats in eastern Ontario, based on a detrended correspondence analysis (DCA) of percent cover for abundant (cover 1.7%
at a site) herbaceous plant species per site. Mean scores
shown for each habitat (15% cumulative variance explained by first three axes). Plantation was excluded for
tractability. Habitats with statistically similar DCA
scores are enclosed in ovals (multivariate analysis of
variance: df 3, 45; Pillai’s trace  1.901, df 24, 225, p 
0.05; Roy’s greatest root  7.388, df 8,75, p  0.05; significance of pair-wise contrasts p  0.0014 ([0.05/36]).
See Table 1 for definition of habitat codes.

area (i.e., site scale). In the present study, woodlots had
the greatest plant-species conservation potential per
unit area, with about twice as many total and native
plant species per site as old fields, wooded fencerows,
ditches, and hay fields. For herbaceous species, woodlots, wooded fencerows, old fields, ditches, and hay
fields were comparable in conservation potential per
site in the present study. Although old fields and woodlots contained the same number of herbaceous plant
species per site, old fields had twice as many abundant
(cover 1.7%) herbaceous species. Habitats typical of
intensively farmed landscapes (crop, herbaceous
fencerow, roadside) and shelterbelts or planted hedgerows (when similar to plantation) had only 12–20% of
the total number of native herbaceous species per site
than other habitats. In a similar study of agricultural habitats in the United Kingdom, Bunce and Hallam (1993)
found that strip-cover habitats contain more plant species per unit area than open habitats. For habitats comparable to those in our study, they reported the greatest
mean total number of species in wooded fencerows
(47), followed by pasture (42), ditch (37), and crop (23)
habitats.
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At the habitat scale, woody fencerows, woodlots,
ditches, and old fields had the highest native and total
species richness. Wooded fencerows also had the highest herbaceous species richness (107 species), followed
by ditches (93), woodlots (89), hay fields (88), and old
fields (85). In Quebec, Canada, Boutin et al. (1994)
found the greatest herbaceous-species richness in
ditches (144 species), followed by old fields (120),
wooded fencerows (110), and woodlots (102). Both
studies indicate the importance of these noncrop habitats for the conservation of herbaceous plant species.
Differences in habitat rank most likely reflect differences
in sampling regimes (particularly fewer sites sampled in
the present study) rather than greater within-habitat
variation in Quebec.
A further component of conservation potential is complementarity in species composition among habitats. All
habitats had unique plant species. Woodlots were the
most significant in this regard, with 53% of the 139 species observed in only one habitat. Habitats typical of
farmed landscapes (wooded fencerow, ditch) had almost five times fewer unique species than woodlots,
whereas habitats characteristic of the most intensely
farmed landscapes (crop, herbaceous fencerow, roadside) contributed 10%. Results were similar for herbaceous species alone: woodlots again had the most (48%
of 103 species), followed by ditches (14% ), wooded
fencerows (11% ), and old fields (6% ). In contrast, the
relative contributions to unique species numbers for
habitats in Quebec (Boutin et al. 1994) were 36% of 106
species for ditches, 24% for old fields, 19% for woodlots,
and 9% for wooded fencerows. In the present study,
13% of herbaceous species unique to a habitat were contributed by crop or hay-field habitats. Unlike woodlots,
plantations had no unique herbaceous species.
Both cluster analysis and DCA indicated that woodlots
and plantations were distinct from each other and all
other habitats. Crop and ditch were also distinct in regard to abundant herbaceous species. Crop habitat was
similar to herbaceous fencerow for all species and herbaceous species. Six habitats (roadside, wooded
fencerow, old field, hay field, herbaceous fencerow, and
pasture) were grouped together in various ways depending on the method of analysis and plant data set. Similarly, Jobin et al. (1996) found that woodlots differ considerably in their dominant plant assemblages from
wooded hedgerows, old fields, and ditches, but that
woodland-edge plant composition overlaps with all four
habitats. A clear articulation of conservation priorities is
required to differentiate among habitats.
Within a given habitat, both management regime and
environmental characteristics determine the potential
contribution to plant species conservation. For example,
Losvik (1993) found in fields that the total number of
species and the number of traditional species are negatively correlated with fertilizer amounts, whereas the
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Figure 6. Mean (with SD bars) of
plant species richness for agricultural landscape scenarios (60 ha)
with increasing habitat complexity. Scenario 1 includes crop, herbaceous fencerow, and herbaceous roadside habitats; scenario 2
includes scenario 1 items plus
ditch, hay-field, and pasture habitats; scenario 3 includes scenario 2
items plus old field and marsh habitats; scenario 4 includes scenario
3 items plus wooded fencerow and
plantation habitats; scenario 5 includes scenario 4 items plus woodlot habitat. Richness of nesting-bird
species (calculated by Best et al.
1995) is included for comparison.

number of widespread species shows no relationship. In
pastures, Bengtsson-Lindsjö et al. (1991) found that the
total number of species depends on soil type and moisture, and that fertilization reduces by half the number of
species present. Further work is needed to assess and
predict the effects of management practices on nativeplant species richness in noncrop habitats (Freemark &
Boutin 1995; Jobin et al. 1997; Kleijn & Snoeijing 1997;
cf. Boutin & Jobin 1998).
The conservation value of different landscapes is related to the diversity of habitats, their spatial configuration, and their complementarity in species composition
among habitats (Kiester et al. 1996; Freemark et al.
2001). Landscapes under intensive agriculture are typically characterized by relatively few habitats (scenario
1), which in this study had relatively few plant species,
many of which were common to several habitat types.
The conservation value of agricultural landscapes increases somewhat with greater crop diversity (scenario
2) but more so with the addition of noncrop habitats,
particularly marsh (scenario 3), wooded fencerow (scenario 4), and woodland (scenario 5). Birds show similar
patterns (Arnold 1983; Boutin et al. 1994; Best et al.
1995). Comparable information on the importance of
other habitats (e.g., native grasslands) and for other
groups of organisms (e.g., mammals, herptiles, invertebrates) should also be gathered to better inform decisions relating to landscape design for species conservation in our region and similar regions (Hulse et al. 2000;
Santelmann et al. 2001). In the United Kingdom for ex-

ample, Woiwod and Stewart (1990) report that unimproved pasture supports the greatest percentage (51%)
of the 55 species of butterfly resident in the United
Kingdom, whereas only 4% are supported by crop plants
and none are found in improved pasture.
In assessing agricultural landscapes for conservation, it is
important to determine whether species are native or introduced and, for agriculture, whether they are of agronomic
concern. Conservation attention should focus on native
species. In eastern Ontario, native species composed a significantly larger portion (93% on average) of the flora of
woodlots (3–79 ha) than of all other habitats sampled. In
Quebec about 72% of the species reported in woodlots
(up to 2 ha) were native (Boutin et al. 1994). This difference may reflect an effect of woodlot size on native species richness and establishment of introduced species.
About 50% or more of plant species in wooded
fencerows and ditches are native to eastern Ontario (this
study) and Quebec (Boutin et al. 1994). Habitats typical
of intensively farmed landscapes (e.g., herbaceous
fencerow, roadside, crop) supported few native species
(3–8 species, 6–18% of total species richness). Old
fields, pastures, and hay fields had an intermediate number of native species (10–12 species, or 32–50% of total
species richness). In addition to representing refuges for
plant species typical of the historically dominant habitat,
noncrop habitats may also have rare native plant species
(Holroyd et al. 1991; Wilson 1991; Boutin et al. 1994).
It has been argued that noncrop habitats are undesirable in an agricultural landscape because they are reser-
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voirs for weeds (cf. Best 1983). This perception is not
well supported by our results. Only one noncrop habitat
(old field) had a significantly higher number of weed
species than crop habitat. Wooded fencerows and
woodlots had significantly lower percentages of weeds
than crop habitat. In addition, an intensively farmed
landscape (scenario 1) had a significant proportion
(63%) of the total potential weed flora. The addition of
noncrop habitats in scenarios 2–5 contributed relatively
little (e.g., ditch, 10%; woodlot, 3%; wooded fencerow,
2%) to weed species richness. In a related investigation
of the seedbank and aboveground vegetation of fields
and their adjacent wooded hedgerows in southern Ontario, a clear separation was observed between both
habitats. Although the soil seedbank in hedgerows contained many species of weedy propensity, the aboveground vegetation was primarily nonweedy. This undoubtedly indicates that seeds may be unable to
germinate and grow under the shaded conditions created by trees and shrubs in hedgerows (Boutin, unpublished data). In addition to habitat types, agricultural
management will also influence the potential contribution of the weed flora to a landscape. Practices that enhance the establishment and reproduction of native species and discourage weeds (or introduced species)
should be investigated and encouraged. In some areas,
noncrop habitat management is guided by the desire to
maintain rare arable weeds ( Wilson 1991).
We have provided an overview of the importance of
different habitats and habitat mosaics to plant species in
agricultural landscapes as a basis for developing agricultural policy and land-use guidelines (mitigation, restoration, enhancement) that will promote conservation at
the field and landscape scales (cf. Hulse et al. 2000; Santelmann et al. 2001). The underlying implication is that
the quality of noncrop habitats should be preserved
through, for example, creation of buffer strips to avert
drift of agrochemicals from cropfields, limits on aerial
spraying of pesticides, prevention of intrusion and trampling of wooded habitats by livestock, or other management practices that reconcile and favor wildlife in agroecosystems. Wildlife can be beneficial to agriculture by
reducing or maintaining pests at acceptable and economically viable levels (Chiverton & Sotherton 1991;
Hausammann 1996; Kirk et al. 1996).
We did not consider in detail the species composition
and structural diversity that is naturally very different
among the study habitats. Assuredly, woodlots and, to a
lesser extent, wooded hedgerows, contribute more forest herb species to the agroecosystem than other habitats, whereas wetlands contain more species adapted to
open and wet conditions ( Jobin et al. 1996).
Because the ability of habitats to contribute to plantspecies conservation varies among agricultural regions,
reflecting differences in the ecology, intensity of agricultural land use, and management history of noncrop habi-
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tats, there is a need to conduct similar analyses in other
regions (Hulse et al 2000; Santelmann et al. 2001). This
information should be used for developing indicators of
habitat and landscape value for the conservation of native
plant species ( Peterken 1974; Swink & Wilhelm 1994;
McRae 1995). This in turn could be used to establish, and
revise through adaptive management (Grumbine 1994),
strategies for sustainable agricultural land use.
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