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ABSTRACT

A ban on the cosmetic use ofherbicides and pesticides on turf and gardens in Halifax
Regional Municipality (HRM), except on commercial properties, was implemented in
2003. There has been little formal research on forbs (non graminoid, non~woody
angiosperms) in the temperate zone turfs ofNorth America, other than on certain
problematical weeds, so how the forb composition will change is largely unknown. It is
expected that an increase in overall abundance and number of species on turfs previously
treated with herbicide will occur. This study, conducted on 3 university campuses in
HRM addresses two questions: (i) are there distinct groupings of forb species in lawns of
the three campuses? and (ii) can differences in species composition and distribution of
individual species be related to environmental andlor management variables? Three
campuses (Mount Saint Vincent University, Saint Mary's University, and Dalhousie
Univeristy) were chosen for study because each presents a range of site conditions (e.g.
shadedlunshaded, shallow/deep soils, disturbed/undisturbed) under a single management
regime but the regimes and history ofherbicide use differ between campuses. Seventeen
sites (discrete turf areas), selected for different degrees of shading, disturbance, and
position (edge or contiguous turf) were examined on each campus. Primer E, non-metric
multivariate statistical procedures were used to examine the data for species groupings
and for the relationship of species composition at different sites to environmental factors.
Sites at edges ofturls were characterized by 3 species at which occurred exclusively or
predominantly at these sites. Differences between other (contiguous) sites were
associated mainly with differences in abundance ofglobally common species.
Multidimensional scaling analysis (MDS) revealed different patterns in the distribution of
individual species across sites, but these were not strongly related to the environmental
factors examined.
The data permitted a test ofthe proposal ofTilman et al. (1999) that dandelion
(Taraxacum officinale) abundance is determined by resource supply rates, in particular by
potassium (K) and calcium (Ca). However, there was no correlation between dandelion
and soil K or soil Ca.
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Environmental and other observations

At each site, the following observations were made concurrently with quadrat sampling:

Slope was measured with a Silva Ranger Type 15 compass using the clinometer

function.

.'

Thatch thickness was measured in millimeters with a ruler at a representative position.

Soil depth and penetrabilitv were measured on September 6 and 7 following 2 days of

rain (approximately 70 nun total). Quadrats were placed in their original positions

based on notes and photographs. Soil depth was measured by inserting a stiff

cylindrical metal probe (3nun diameter) into 5 randomly assigned squares of the

quadrat and measuring the depth ofpenetration. Penetrability (compaction) was

measured by using a Soil Test CL-700 pocket penetrometer.

Soil sampling was conducted on October 4 and 5. At each site approximately 750 mL of

soil were collected using a standard soil corer (2 em internal diameter), for tougher soils a

toothed corer (24 nun internal diameter). The cores were taken from the same areas in

which the quadrats had been placed. A minimum of5 separate cores were taken from

each site.
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Soil samples were stored at 5 0 C for two weeks then spread out on plastic sheets for rapid

air drying. Soil was passed through a 2 mm sieve to remove coarser material.

For measuring pH and EC (electrical conductivity), 50 grams ofsoil were placed into 125

mL flasks; 50 mL distilled water were added; flasks covered with parafilm, and shaken

on a New Brunswick 0-24 shaker at 400 rpm for 15 minutes. The parafilm was removed

.' and samples were allowed to stand for 10 minutes with briefagitation to aid equilibration

with the atmosphere.

pH was measured with a Fisher Acumet 13-620-97 combination electrode and a Coming

Model 610A pH meter, calibrated with pH 7 and pH 4 buffers. After the EC

measurement, I mL of0.5 M CaCb solution was added and the sample again shaken as

above and pH measured again. The electrode was placed just above the sediment.

Electrical conductivity was measured with a Hanna Instruments HI 9033 Multi-range

conductivity meter; calibrated with a 1338 IJS/cm NaCI solution (O.01M NaCI). The

electrode was placed just above the sediment.

Soil texture was determined by the 'texture by feel' method (Brady & Weil, 2002). A

sample of soil was moistened with distilled water and kneaded to a putty-like consistency.

Several cohesion and malleability tests were performed and the soil classified as one of

these categories: sand, loamy sand, sandy loam, silt loam, loam, sandy clay loam, silty
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clay loam, sandy clay, and silty clay. These categories were then ranked 1 to 9 according

the heaviness (Appendix 2).

Soil darkness was used as a proxy for soil organic matter, the assumption being the

darker soil the higher the organic content. Small amounts ofsoil were placed in 9 cm

diameter petri dishes and wetted. Plates were sorted according to darkness and a ranking

. assigned from l(darkest), to 51(lightest). Fifteen soil samples were analyzed for organic

matter. There was a high correlation between ranking ofsoil darkness and soil organic

matter (Appendix 3).

Fifteen soils were sent to A & L Canada Laboratories Inc. in London, Ontario for

standard soil analyses (organic matter, pH, Ca, Mg, 1(, P). These soils were selected to

include 5 levels ofdarkness with each campus represented once at each level. The soil

data are in Appendix 4.

Management information

Employees responsible for maintaining the grounds on each campus were interviewed

after the sampling process to determine information such as time since last disturbance

and last pesticide application. General information such as age, as well as maintenance

practices like mowing heights, periods between mowing, and watering practices were

also provided. MoWing heights were confirmed by visiting campuses after they were

mowed and recording grass height in centimeters with a ruler (Appendix 5).
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Statistical analyses

For each site, frequency values were calculated for the 2 quadrats combined; Le. number

ofoccurrences ofa species in 32 squares. These values were converted to percentages.

.'Statistical analyses were carried out using PRIMER v5 multivariate software. Rare

species that occurred on 2 or fewer sites were removed as advised by Clarke and

Warwick (2001).

Non-metric multidimensional scaling (MDS) ofsites and species was carried out by

constructing a similarity matrix using Bray-Curtis similarity and a square root

transfonnation, followed by perfonning the MDS analysis with 20 iterations.

Cluster analysis ofspecies was perfonned on the same similarity matrix using the group

average cluster mode and plotted dendrogram.

The ANOSIM procedure was employed using one way design and a maximum of999

pennutations to investigate the significance of the site selection variables.

The BIOENV procedure was carried out to link biotic and other data (pH, dep~ etc.).

This procedure constructs a large number of (dis)similarity matrices [using nonnalized

Euclidean distances and log (x+l) transfonnation ofthe data] for each of the possible
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combinations of the specified environmental variables and provides a Spearman rank

correlation coefficient relating these matrices with the similarity matrix for sites based on

species data (constructed using Bray-Curtis similarities as above).
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RESULTS

Seventeen sites were examined on each campus, including 3 edge sites and 14 contiguous

sites. There were 3, 5, and 4 treed sites and 9, 7, and 8 open sites (no shade) at MSVU,

SMU, and OAL respectively; others received sun only part of the day. The number of

sites classified as disturbed was 8, 9, and 6 for MSVU, SMU, and DAL respectively.

."A total of30 forb species were observed for the 51 sites and 102 quadrats, including 27,

16, and 20 species at MSVU, SMU, and OAL respectively (Table 1). Fourteen species

were found on all 3 campuses. Eight species were found only at MSVU, 1 only at SMU,

and 1 only at OAL.

For the multivariate analyses, species that occurred at only 2 or fewer sites (4% or fewer)

were excluded, following the suggestion ofClarke and Warwick (2001) to exclude rarer

species. (In their example on page 7-1, they retained only species that accounted for more

than 4% total abundance.)

Species clustering and MDS

At a similarity ofaround 12.5%, the cluster analysis dendrogram (Fig. 2) separates 3

groups. One of these includes a single species (R. acetosella). One ofthe other 2 groups

includes species that occurred exclusively (S. rubra) or predominantly (G. uliginosum, M

Matricariodes) at edge sites (Table 2) from the other species. The third group includes

the remaining 16 sPecies.



Table 1. Forb species and their occurrence on the 3 campuses. Species are listed in order ofdecreasing
number ofsites at which they were present

Soecles
Taraxacum officina/e Weber
Trifolium rem ns L.
Ceresfium vu gatum L.
Plantaao ma/or L.
Veronica SiiiiVfIifolia L
Prunella vii/iiaris L.
Leontodon autumnalls L.
Stellaria aremlnea L.
Mediciii:io liiiiulina L.
Polvaonum avlculare L.
Ranunculus reDens L.
HleraciumD/losalla L.
Oxalls strieta L.
Achll/ea mll/fifolium L.
Matricaria matricarlodes (Less.) Porter
Fraaaria viralnlana Duchesne
Veronica offlcinalls L.
GniiiJhallum ullalno,'mm L.
Rumex aeetosella L.
Spuraularla rubra lLJ J. & C. Presl.
Sonchus o/eraceus L.
Hleraclum caesDltosum Dumort.
TrlfoliumDfOCumbens L.
stellaria media CLJViIl.
Eaulsetum arvense L.
Eiiiihrasia americana Wettst
Ga/eoosls tetrahit CL.)
Sonchus aSDer CLlHill.
CoronoDus dlilYmus CL.) sm.
Potentilia 800.

No. sites total
46
36
32
27
26
22
21
19
15
14
12
11
10
10
8
6
6
4
3
3
2
2
2
1
1
1
1
1
1
1

No. sites DAL
16
14
11
9
9
13
8
5
2
4
2
5
1
7
2
3
o
2
2
2
o
o
o
o
o
o
o
o
o
1

No. sites SMU
14
14
8
13
6
3
7
2
8
7
8
1
1
o
5
o
o
2
o
o
o
o
o
1
o
o
o
o
o
o

No. sites MSVU
16
9
13
5

11
5
7
8
9
3
2
5
8
3
1
3
6
o
1
1
2
2
2
o
1
1
1
1
1
o

V1
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Table 2. Species at edge sites.

Species at edge sites No. edge sites MSVU edge undlst. & shade MSVU edge shade No. contiguous sites
n=7 n=1 n=1 n=42

P. aviculare 7 0 0 7
P. major 7 1 1 18
T. repens 7 0 0 29
M. matricariodas 6 0 0 2
T. officlna/a 6 1 1 38
G. uliglnosum 3 0 0 1
L autumnalis 3 0 1 17
S. robra 3 0 0 0
M./upulina 2 0 1 12
A millefolium 1 0 0 9
C. vu/gatum 1 1 1 29
F. virginiana 1 1 0 4
H. pilosalla 1 0 1 9
V. sarpy//ifo/ia 1 1 1 23
O. striata 0 1 1 8
P. vulgaris 0 1 1 20
V. officlnalis 0 1 0 5

-00
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At a similarity ofaround 23%, 6 groups are separated, including 3 with only one species.

These groups are also separated well by MDS (Fig. 3). The stress value of the MDS was

0.16 for 2 dimensions, and 0.09 for 3 dimensions. The 3 multispecies groups are labeled

A (Edge), B (T. repens and others) and C (H. pilosella and others) for subsequent

reference. A stress value of 0.16 provides a useful representation ofthe multivariate data

(fable 3).

MDS ordination of sites

Two-dimensional MDS ordination of sites (Fig. 4) has a stress value of0.20, the 3

dimensional MDS ordination has a stress value of0.14.

In Fig. 5, envelopes indicate the boundaries for presence ofall species in each ofthe 3

multispecies groups from Figs. 2 and 3. Group B enclosed group A, and overlapped

partially with group C, while there is about 50% overlap between groups A and C.

Plots of individual species abundances on sites show a spectrum ofdistributions, (Figs. 6

8; Appendix 6). Some species are widely distributed across sites (e.g. Taraxacum

officinale, Fig. 6), others occur only at a portion and are restricted to 1 region ofthe MDS

ordination.
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Figure 3. MDS ordination of the 20 species based on V-transformed frequencies and
Bray-Curtis similarities. Envelopes enclose species groups distinguished at a similarity
level of 23.5% on the cluster analysis dendrogram (Fig. 2). A, B, and C are the
multispecies groups.



MDS Species

Stress: 0.16!

W



Table 3. Interpretation ofstress values (Clarke & Warwick, 2001).

Stress Interpretation

<0.05 Excellent representation with no prospect of misinterpretation.

<0.1
Good ordination, no real prospect of a misleading Interpretation; 3 or higher
dimensional solutions will not add any additional information about the overall
structure.
Still gives a potentially useful 2-dimensional picture, though for values at the

< 0.2
upper end of this range too much reliance should not be placed on the detail
of the plot; a cross check of any conclusions should be made against those
Itemative technique.
Points are too close to being arbltraily placed in the 2-dimenslonal ordination

0.2 - 0.3
space. Values in this range should therefore treated with a great deal of
skepticism and certainly discarded in the upper half of this range, especially
for a small to moderate number of points.
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Figure 8. Occurrence of Trifolium repens and Hieracium pilosella. The envelope with a 
solid border encloses all sites at which T. repens occurred. All sites it did not 
occur lie outside this border. The envelope with a broken border encloses all sites 
at which H pilosella occurred; it was present only at the individually circled sites. 
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Significance of site selection variables for forb composition

The ANOSIM procedure was used to assess the significance ofthe site selection

variables (or factors) i.e. campus, position, exposure, disturbance) on the forb

composition ofthe different sites. Each factor was examined separately (Table 4).

These tests give a global statistic for all comparisons and pairwise statistics where more

than 1 comparison was involved. An R-value of 1 indicates no overlap ofsites for the

variable under consideration; a value of0 indicates complete overlap. Probability values

indicate the likelihood of the differences arising by chance.

In regard to campuses (Fig. 9), pairwise R-values are 0.25 or below indicating a high

level ofoverlap, but the differences are significant (Table 4), i.e. there are differences in

the composition ofthe forb ensemble over all pairs ofcampuses. SMU and DAL have

the most overlap; MSVU and SMU the least

The R-value for position (R=O.284), is the highest recorded for site selection variables.

Seven of the edge sites are completely separated from contiguous sites on the 2

dimensional MDS (Fig. 10). The other two sites are separated from these seven, and are

not separated from other sites. Five ofthe first mentioned 7 edge sites are disturbed and

under full sun exposure; the other sites (nos. 7, 19) are disturbed sites under afternoon

sun. The other 2 sites that do not occur with the first seven in the MDS plots were both at

MSVU and both occurred on north sides ofbuildings (heavily shaded); one was disturbed

(no. 36) and one undisturbed (no. 38). These latter two sites do not include the species
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that occurred exclusively or predominantly at edge sites (Table 2). When these 2 MSVU

edge sites are removed (Position2 in Table 4), there is a substantially higher position R

value for position (R =0.393).

Exposure to sun was classified as open (0 in Fig. 11) morning sun (A in Fig. 11),

afternoon sun (P in Fig. 11), on the north side ofa building or tree line (N in Fig. 11) and

·-under trees (T in Fig. 11). The global R-value for exposure was very low (0.044) and non

significant. Higher pairwise R values for P versus T exposure (R =0.155, P =0.014),

and 0 versus T exposure (R =0.161, P =0.044) were significant. When the Nand T

classes are combined Le. the 2 most heavily shaded situations, and compared with the

others combined (0, A, P) the R-value is 0.110 (P = 0.019) (Fig 12).

For disturbance, there was a low but significant R-value (R = 0.102, P = 0.008). The 2

dimensional MDS plot (Fig. 13) has a region ofmostly disturbed sites which correspond

to the edge sites; Le. most of the difference between disturbed and undisturbed sites is

probably associated with the peculiarities ofthe edge sites.

Significance of other environmental variables

The possible significance ofthe eight site variables that were measured after selecting

sites (rather than being used to select sites) were investigated using the BIOENV

procedure (Clarke & Warwick, 2001). A combination of5 individual variables produced

the highest correlation coefficient (0.307). Three variables (soil depth, penetrability, and
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Figure 13. Site classification by disturbance superimposed on the 2-dimensional MDS
for sites. D =sites that are distur~U =sites that are undisturbed. A solid border
encloses all sites that are disturbed, a broken border all those that are undisturbed.
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pH) gave an R-value of0.289. Examination ofthe bubble plots for each ofthose

variables do not show any clear trends of gradients in the values (Appendix 7).

Dandelion

Tilman et al.(1999) produced a variety ofevidence to suggest dandelion abundance is

controlled by potassium and lime (calcium). Dandelion was the most abundant forb on

our sites. There was no correlation however, ofdandelion with soil K or soil Ca (Fig.

14).

46



Figure 14. Relationship ofdandelion frequency to soil potassium (K) and soil calcium
(Ca).
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DISCUSSION

The two questions I wished to address were:

(i) Are there distinct groupings offorb species in lawns ofthe three campuses?

(ii) Can differences in species composition and distribution of individual species

be related to environmental and/or management variables?

Species groups

Both the MDS and cluster analysis ofspecies clearly identify a group of3 species that

occurred exclusively or predominantly at edge sites and separated those from all other

species at a similarity level of 12.5%.

Three multispecies groups were evident at a similarity level of23.5% in the cluster

analysis diagram. On the MDS plots ofsi~ envelops ofthese 3 groups distinguish

them from each other, but with some overlap. Bubble plots of individual species show

clear patterns ofoccurrence on the 2-dimensional MDS ofsites. Thus the 2-dimensional

MDS representation ofsites corresponds to real differences in species composition across

sites.

The edge sites, excluding the 2 MSVU university sites that occurred in the shade, are

characterized by a fairly distinct group of4 species (M. matricariodes, G. uliginosum,

and S. rubra). These species are all annuals or short-lived perennials (USDA). Also

occurring on the edge sites are 3 species Cr. repens, T. officinale, R. repens) that are

shared with the contiguous sites and are typically perennials. However at the edge sites,
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most do not survive the winter and thus must be dependant on persistent seed banks (T.

repens, P. major) or annual colonization (T. ojficinale). The edge sites are a very harsh

habitat due to heavy salting, high foot traffic, and sun exposure and therefore a high level

ofspecies selection probably occurs.

Except for edge versus other sites, there were not well defined groups ofspecies. Rather

individual species exhibit different patterns ofdistribution across the sites, and variation

between the sets ofspecies (e.g. treed versus open sites, different campuses) are more

related to differences in abundances ofglobally common species than to differences in

occurrence ofparticular species (Table 5, Appendix 8).

Some points of interest:

• T. rePens is ranked in the top seven ofall groupings (Table 5) except for MSVU.

This could be related to the high fertilizer use ofMSVU and low fertilizer use on

the other 2 campuses (Appendix 5). T. repens is a legume and will be inhibited

by high fertilizer (VanDommelen, 2003).

• T. ojficinale is abundant at all sites except on the edge sites.

• P. major is common except for areas where H pilosella and ~ serpyllifolia are

common i.e. P. major and H pilosellaIV. serpyllifolia are mutually exclusive to

some extent



Edge
4
7
1

2
3
5

6

Open Treed
1 5
2 1
5 3
6 2
7 4
3

4
6

7

MSW SMU OAL
1 1

1 4 2
2

2 5 4
3 7 5
4 3

5
6
3

7
7 6

Table S. Seven most abundant species in different sets ofsites, based on average quadrat frequencies. T. offi =T. officinale, P. majo = P. major, T. repe = T. repens
H. DUO =H pi/osella. V. se~ =Yo SeTP. i1l/olia.

All T. offl P. malo T.reD8 H."Ro V. seID
T. feDens 1 1 1 1 4 4
T. offldnale 2 2 2 2 3 1
P. maier 3 5 3 3
C.wlaatum 4 3 4 4 1 2
V. serpyllifolia 5 4 5 5 6 3
S. gramine. 6 6 6 6
H. "lIoselle 2 7
P. vulaarls 7 7 5 6
M.IUDulina 5
L autumnaUs 7 7 7
P. avIculare
M. matricariodes
S. rubra
A. mlllefollum
R recens
O.strIcta
G. ullaonosum

u.-
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• The treed sites are distinguished from open sites mainly by lower abundances in

T. repens, S. graminea, M. lupulina, and a greater abundance ofL. autumnalis and

R. repens.

Site/environmental factors

Position (edge vs. contiguous) was clearly identified as an important environmental factor

influencing species composition ofsites.

A priori it was expected that exposure, disturbance and campus (management history)

would be important influences on species composition. The ANOSIM procedure

confirms influence ofsome ofthese factors. Position has the strongest influence as

discussed above.

None of the other environmental variables (ph, Ee, depth, penetrability, slope, age,

texture, darkness) by themselves had a strong influence and even in combination, the

BIOENV correlation was not high (Table 6).

Conclusion

In conclusion, the multivariate analysis seems to have been very effective in representing

differences in species composition over different sites but except for the edge versus

other sites, the driving forces were not readily discemable.



Table 6. Speannan correlations for the relationship ofthe site similarity matrix with Euclidean distance
matrices ofenvironmental variables.

A

B

Variable R-valuefor
1 variable

Depth 0.168
Penetrability 0.185
Slope 0.131
Age 0.116
pH 0.153
Electrical Conductivity (EC) 0.188
Texture 0.008
Darkness 0.026

No. of variables Variables giving highest R-value R-value
1 PenetrabilItY 0.185
2 Depth, pH 0.249
3 Penetrabllit¥. Depth. H 0.289
4 PenetrabllUY. Depth, H. Slope 0.298
5 PenetrabilUY. Depth, H, Slope, EC 0.307
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Although not planned as part of the original study, the data allowed a test of the Tilman

proposal that potassium and calcium are the critical resources for dandelion (Taraxacum

officinale) (Tilman et al. 1999). Overall, this species was the most common species in

this study. Examination ofthe relationship ofquadrat frequencies ofdandelion at

different sites with soil calcium and potassium showed no evidence ofdependence of

dandelion frequency on soil Ca or soil K.



Appendix 1. Site selection classification and site locations.
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Under Campus D = Dalhousie, S = Saint Mary's, M = Mount Saint Vincent's
Under Edge/Contiguous E = edge, C = contiguous
Under Disturbance D = disturbed, U = undisturbed
Under Expc>sue O = O >en, N = North side or a ouiiding or tree line, f1 = pm sun, A = am suri, T = treed area

Sites Campus Location Edge/Contiguous Disturbance l ^ ' i ' M ' H - l
1 D A&A East C D 0
2 D AA East Path bisecting disturbed area E D 0
3 D Across from soccer pitch by chair C U 0
4 D AA East across fr. Chem and bench C U 0
5 D AA North btw building and path C U N
6 D AA North btw wall and path c U P
7 D AA North pathway E D P
8 D AAWest c D P
9 D LSC North by Biology door in trees c U T
10 D LSC Blower c U 0
11 D Next to East side of Tennis court c U 0
12 D Tree area adjacent oxford street (OCEA) c U T
13 S Psych West, tree area c D T
14 S Psych West btw building and path c U P
15 S AAE btw rosehips and path E D 0
16 S Rosehip enclosure c U 0
17 S Btw NRCC and OCEA, tree area c U T
18 S Blower McN E c U 0
19 S Burke Building West path E D P
20 S Burke Building West tree area c D T
21 S Burke Building North c U 0
22 S Across from Gorsebrook Lng entrance c U 0
23 S Side of parking lot closest Inglis and Robie c U N
24 S Side of parking lot closest Inglis and Tower c U T
25 S McN E btw stairs & library c U A
26 S Across from McN E stairs, shaded trees c D T
27 I S - M c N M a i n , b y b u i l d i n g | c U P

On
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\0
0- OAl sites (/14) SMU sites (/14)

loccur lQF1 ~QF2 ~ loccur IQF1 IQF2 I
T. repens 11 64.73 82.39 T. repens 11 54.91 69.89
T. offlc/na/e 14 40.85 40.85 P. major 10 37.28 52.19
L autumna/Is 12 32.81 38.28 S.gram/nea 7 27.45 54.89
C. vu/gatum 10 28.57 40.00 T. offlc/na/e 11 23.88 30.40
'/. serpyllffolla 8 21.39 37.44 C. vu/gatum 8 22.10 38.67
M./upu/lna 5 20.98 58.75 It repens 8 21.21 37.11
A. mlllefollum 6 14.06 32.81 '/. serpyllffolla 6 10.04 23.44
H.pl/osella 4 13.84 48.44 P. vu/gatum 7 9.60 19.20
P. major 6 11.38 26.56 P. av/culare 4 8.04 28.13
P. vu/gatum 8 10.27 17.97 M./upullna 1 2.01 28.13
R. repens 2 7.81 54.69 L autumna/Is 2 1.12 7.81
It aC8tosella 2 7.14 50.00 M. matrlCllriodes 2 1.12 7.81
S.gram/nea 2 4.69 32.81 H. pI/ose/la 1 0.67 9.38
F, vlrglnlana 2 2.68 18.75 Ostrlcta 1 0.45 6.25
P, avlcu/aT8 1 2.23 31.25 G. ullgomosum 1 0.22 3.13
Ostrlcta 1 0.22 3.13 A. mlliefollum 0 0.00 0.00
G. ullgomosum a 0.00 0.00 F. vlrglnlana a 0.00 0.00
M. matrlcarlodes a 0.00 0.00 It acetosel/a 0 0.00 0.00
S. rubra a 0.00 0.00 S. rubra 0 0.00 0.00
'/. offlclna//s a 0.00 0.00 \t. off/c/nalls 0 0.00 0.00

",



l'
0- MSVU sites (/16) Edge sites (n)

IOccur IQF1 IQF2 I IOccur ~QF1 IQF2 I
T. offlclna/e 16 48.63 51.88 P. major 7 70.54 70.54
C. vulgatum 13 31.64 38.94 P. avlculare 7 48.66 48.66
~ serpyllffolla 11 27.54 40.06 M. matrlcarlodes 6 45.54 53.13
S. gramlnea 9 23.05 40.97 T. repens 7 41.96 41.96
P. vulgatum 7 21.29 48.66 S. rubra 3 25.00 58.33
T. repens 7 20.90 47.77 G. ullgomosum 3 21.43 50.00
Ostrlcta 8 18.75 37.50 T. offlclna/e 6 16.96 19.79
F. vlrglnlana 3 14.06 75.00 M.lupul/na 2 7.14 25.00
M.lupullna 7 11.91 27.23 L. autumnalls 3 6.25 14.58
P. major 4 7.42 29.69 A. mlliefolium 1 1.79 12.50
H. pllosella 5 6.84 21.88 F. vlrglnlana 1 1.79 12.50
A. miliefolium 3 5.08 27.08 C. vulgatum 1 0.89 6.25
V. offlc/nalls 6 4.88 13.02 H. pllosella 1 0.89 6.25
L. autumnalls 4 3.32 13.28 ~ serpyllffolla 1 0.89 6.25
R. "pens 2 1.37 10.94 S. gramlnea 1 0.45 3.13
P. avlculare 2 0.39 3.13 Ostr/cta 0 0.00 0.00
R. acetose/1a 1 0.20 3.13 P. vu/gatum 0 0.00 0.00
G. ullgomosum 0 0.00 0.00 R. repens 0 0.00 0.00
M. matrlcarlodes 0 0.00 0.00 R. acetose/la 0 0.00 0.00
S. rubra 0 0.00 0.00 V. officina/Is 0 0.00 0.00

".
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