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Introduction

One of the oldest forest plantations in North America
provided an opportunity to examine the influence of
different canopies on the floristic and structural develop-
ment of the understory vegetation. The Saginaw Forest
comprises approximately 40.5 hectares of experimental
tree plantations five km west of Ann Arbor (42°16'30”
N. Lat., 83°48° W. Long.) on moderate morainal topo-
graphy from 276 to 306 m above sea level. The site, aban-
doned as farm land in the 1890’s, was planted with selected
native and exotic tree species beginning in 1901 (School of
Natural Resources, University of Michigan, 1966). In
addition to 54 tree plantations, ranging in area from 0.05
to 1.64 ha, the property includes Third Sister Lake (4.45
ha), natural swamp (2.83 ha), and other small areas un-
suitable for plantations (Fig. 1). Except for the natural
Quercus-Carya stand outside the north boundary, non-
forested land surrounds, the Saginaw Forest. The canopy
trees were planted as seeds or seedlings between 1904 and
1938, and records of forestry treatments have been main-
tained (School of Natural Resources, University of
Michigan, 1966). The conifer plantations are showing
signs of overmaturity, whereas the hardwood stands are
maintaining relatively good growth and freedom from
disease.

* Nomenclature follows Gleason & Cronquist (1963).
** We wish to thank James Bruce, Thomas Friedlander,
Lawrence Mellichamp and Wayt Thomas for their help in
plant identifications and to Deborah Rabinowitz in critiquing
an earlier version of the manuscript. We are especially grateful
to George Estabrook who helped in many phases of the data
analysis, and Neal Oden, who wrote the computer program.

This study describes 30 forest stands, and compares the
stand data to determine the extent of influence from the
canopy on the understory synusiac. In the course of the
study, a new approach was devised for analysis of relevé
matrices ; this method gives promise of wider applicability
for analysis of stratified vegetation.

Methods

During May and June, 1974, thirty plantations were
sampled by the relevé method (Braun-Blanquet 1964,
Benninghoff 1966). 25 plantations and one natural
Quercus-Carya stand adjacent to the north end of the
Forest property (rel. 4) were sampled by 20 x 20 m plots.
In three plantations (rel. 9, 17, and 23) 15x 15 m plots
were used. In one plantation (rel. 26) a 10x 10 m plot
was used to avoid edge effect, footpath weed communities,
and openings still adjusting to canopy thinnings. At each
plot cover/abundance estimates of all vascular species
were recorded, and the height and cover of each stratum
was estimated. The cover/abundance values (adapted from
Braun-Blanquet 1932, 1964) follow the notations:
Braun-Blanquet r + 1 2 3 4 5
notation

Notation 1 2 3 4 5 6 7
used here

The 30 relevés comprise 132 vascular species in four stratal
societies (Table 1). The four strata recognized are as
follows:

1 All foliage cover above 3 m

2 Cover from 1.5t0 3 m

3 Cover from0.5to 1.5m

4 Cover at levels below 0.5 m
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Table 1. Relevé of 29 plantation stands and one natural Quercus-Carva stand in the Saginaw Forest, southeastern Michigan (P.T.O.).
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Figure 1. Map of the Saginaw Forest and list of plantations and other vegetation units.

PLANTATIONS

Species
Pinus sylvestris

Pinus nigra
Pinus Strobus

1" "
Pseudotsuga menziesii
Pinus ponderosa
Liriodendron tulipifera
Pinus Strobus
Pseudotsuga menziesii
Pinus Strobus
Pinus ponderosa
Pinus sylvestris,
P. ponderosa, P. nigra
Pinus sylvestris
Catalpa speciosa
Picea abies

" "
Pinus resinosa
Pinus sylvestris

Robinia pseudo-acacia
Carya ovata
Robinia pseudo-acacia

Ulmus
Pinus
Pinus
Pinus
Pinus
Pinus

americana

sylvestris
densiflora
sylvestris
sylvestris
dengiflora

Robinia pseudo-acacia
Picea abies
Tilia americana
Pinus ponderosa
Acer saccharum
" ”

Pinus nigra ssp. laricio

Quercus
Quercus
Quercus

carpa
Juglans
Juglans

Quercus

rubra
alba
alba, Q. macro-

nigra
nigra

alba

Pinus Strobus
Castanea dentata
Pinus Strobus
Quercus rubra, Pinus
sylvestris, P. Strobus
Quercus rubra
Juglans nigra, Pinus &
Quercus, Larix & Picea
Quercus rubra

" "

Picea abies
Quercus rubra
Pinus ponderosa

" "
Picea abies
Populus deltoides
Pinus ponderosa
Pinus resinosa
Pinus ponderosa

" "

Pseudotsuga menziesii
Picea abies

Acer negundo

Pseudotsuga menziesii
Quercus-~Carya

Acer rubrum--Salix spp.
-~Populus tremuloides
Ulmus--Acer rubrum swamps

Year Hectare:

1904
1904
1904
1904
1904
1908
1904
1908
1921
1904
1908

1906
1908
1904

1904

1923
1922

1904
1907

1927

1926
1924
1925
1906
1915
1906
1938
1906
1906
1930
1906
1906

1906
1906
1906

1906
1906
1908

1907
1907-
1909
1907
1907
1914
1908

1909
1937
1911
1912
1915
1921
1909
1912
1918
1937

Picea abies & Picea glauca

Thuja occidentalis

.10
.05
.22
.23
.15

.11

.09
.66
.30

.25
.37

.68

42
.14

.21

.31
.26

44

.76
.59
.62
.42
47

.43
.39
.89
.43
.40
.15
1.64
1.12

.26
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Fig. 2. i)endrogram from results of DIF 1, run 1, in which
presence/absence data from all four strata were employed.
Compare with Table 2a.

Relevé 18, a Pinus ponderosa plantation heavily invaded
by Acer saccharum had the fewest species, 13. Rel. 4, the
old-growth (probably original but selectively logged)
Quercus-Carya forest, and rel. 13, a Picea abies plantation,
tied for the greatest number of species, 42.

Analysis by differential tables was laborious and un-
productive. Consequently, a new numerical method
employing computer techniques was developed and used
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Fig. 4. Dendrogram from results of DIF 2, run 1, in which cover/
abundance data for species in all four strata were employed.
Compare with Table 3a.
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Fig. 3. Dendrogram from results of DIF 1, run 2, in which
presence/absence data from only the three lower strata were
employed. Compare with Table 2b.

for detecting patterns of associated species within the
table of 30 relevés. The method is composed of two algo-
rithms. The first involves the calculation of a difference
value between each pair of relevés. In the second algo-
rithm, the relevés are grouped.

Two difference measures are used in the first algorithm.
Difference measure 1 (DIF 1) is defined as the number of
species unique to each relevé divided by the number of
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Fig. 5. Dendrogram from results of DIF 2, run 2, in which cover/
abundance data for species in only the three lower strata were
employed. Compare with Table 3b.
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Table 2. Arrangement of relevés into groups and sub-groups relating to tree canopy cover types by DIF 1, based on presence/
absence data for species. 2a: the arrangement achieved by RUN 1 using data from all four strata. 2b: the arrangement achieved by
RUN 2 using data only from the lower three strata.

Table 2a

DIF 1 4 STRATA FARTHEST NEIGHBOR

No. 14 16 24 30 19| 3 29 9 17|27 28 4 26 7 15423 25(10 21420 22§ 8{11 12(13] 5 6| 1 2|18

Sub— a b c d e £ g |h i i k 1 [|[m
Group
Canopy Pine Pine Oak Pine |{|Bass-|Maple|Pine/ Spruce Pine| Pine/jl Maple

type Pine/0Oak wood/|/Wal-| Oak pruce Sprucd] /Pine

Oak Wal- | nut Pine
nut
Group A B C D E
Table 2b
DIF 1 3 STRATA FARTHEST NEIGHBOR

No. 26 4 28 27(15 30 24 16 14|17 9 3 29y12 19 11))13 21/10 8)23 25 22 200 2 17 6 5{18
Sub- c a' b i' ' [f &h e &g 1 k' m
Group

Canopy Oak Oak Pine Pine Mixed'Mixed Mixed Pine Pine Maple

type Pine Spruce Bpruce | Spruce | (Pine)

Pine/Oak

Group A B’ c' D' E

The underlined numbers indicate relevés which changed sub-group affinity from the 4-strata analysis

to the 3-strata analysis.

species present in both relevés. For two sets with 4 and B
representing the species present in each of two relevés,
DIF | is calculated:
DIF1=(AABJAUB

where the operator F is an exclusive ‘or’ and the operator
U signifies union. Consequently, DIF 1 is the one-com-
plement of the Jaccard similarity index. DIF 1 does not use
the cover/abundance values of the relevé data. Conse-
quently, this measure distinguishes only those relevés that
differ in species composition; it does not segregate relevés
on the basis of different cover values of species in common.

Difference DIF 2 is designed to incorporate presence/
absence and cover/abundance data into the inter-plot
difference values. For two plots with a total of i species,
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the relation is:
|4, B]
DIF2 =21

M| Tp1R

1l
—

EN
+
=

where A4, is the cover/abundance value for the ith species
in plot 4 and M is the total number of 'species in the sample.
DIF 2 is a variation of the Czekanowski (1909, 1932)
index. In DIF 2 the difference values always range between
0 and 1 for any two plots while the difference values for
the Czekanowski index can be any positive number.

Both DIF 1 and DIF 2 supply difference values between
every pair of plots. These difference values can be generated
by analyzing any stratum individually or by analyzing any



combination of strata simultaneously. When two or more
strata are analyzed, only the species present in these strata
are considered. If a species is present in two or more strata,
the highest cover/abundance value is used in the calcu-
lation of DIF 2. All difference values between plots,
regardless of the number of strata in the analyses, range
between 0 and 1. A difference value of 0 means that two
plots have exactly the same species and, in the case of
DIF 2, they have exactly the same cover/abundance values
as well. A difference value of 1 means that the two have no
species in common.

After the appropriate distance values are calculated, the
relevés are clustered into hierarchical groups by the
‘farthest neighbor’ (also known as the complete linkage)

combinatorial method of Lance & Williams (1967).
Sneath & Sokal (1973) have presented a critical discussion
of this and related agglomerative procedures. Other
combinatorial methods including the nearest neighbor
(single linkage) and weighted mean were tried but rejected
because of their effects on the distance between groups of
relevés. The farthest neighbor method was chosen because
it dilates the distance between groups of relevés. Dilating
the distance is desirable with the data because: (1) the
subgroups that arose naturally in the agglomeration were
more clearly displayed, .nd (2) the groups aggregated
around $pecies significant to the structure of the com-
munity. Even though sample locations were chosen care-
fully within each plantation, all effect of the edges, foot-

Table 3. Arrangement of relevés into groups and sub-groups relating to tree canopy cover types by DIF 2, based on cover/
abundance data for species. 3a: the arrangement achieved by RUN 1 using data from all four strata. 3b: the arrangement achieved
by RUN 2 using data only from the lower three strata. Little change in the groups and sub-groups takes place when the tree canopy
stratum is omitted from the calculations, indicating consistency or coherence between the tree canopy and the understory strata

when analyzed for cover/abundance.

Table 3a
DIF 2 4 STRATA FARTHEST NEIGHBCR
No. 3293014 16 17 7 1519 1(27 28 4 26 22 24 20 8] 6 9|18[111 12 13 2 5{10 23 21 25
Sub- a b c d e £
Group
Canopy Pine Oak Pine Maple Spruce Mixed
type Oak/Pine (Pine) Hardwoods
Group A B C D E
Table 3b
DIF 2 BOTTOM 3 STRATA FARTHEST NEIGHBOR
No. 14 16 22 15 17 3 29 19 30 1{18 |8 ©9 |27 28 4 26 20 2410 23 21 255 6 7 11 12 13 2
Sub- a' d c' b' f e'
Group
Canopy Pine Maple Pin Oak Mixed Spruce
type Pine/0Oak (Pine) Hardwoods (Pine)
Group A’ C B’ E D'

The underlined numbers indicate relevés which changed sub-group affinity from the 4-strata analysis

to the 3-strata analysis.
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paths, and cuttings could not be avoided. But by employing
a space dilating technique, relevés sharing characteristic
disturbance species with a member of a given group were
prevented from joining. The other combinatorial methods,
which are not space dilating, often clustered relevés on the
basis of disturbance species.

Both DIF 1 and DIF 2 were employed twice in the
analyses. Run 1 of DIF | and run 1 of DIF 2 used the
relevés from all 30 plots and all four strata. In run 2 of
DIF 1 and run 2 of DIF 2, the canopy data were omitted
from the analysis. All four sets of difference values were
subsequently analysed by the farthest neighbor method
and phenograms were generated (figures 2-5).

Results and discussion

Saginaw Forest is composed of small stands of native and
exotic species of canopy trees; the exotic species, the
mixtures of exotic and native species, and even the native
species in pure, evenly spaced stands provide canopies
that would not occur naturally. This property provides a
special opportunity to study the effects of the canopy on
the structure and composition of the understory because
such factors as macroclimate, vector availability, dispersal
agents, soils, and topography differ relatively little be-
tween plots.

In the DIF 1 analyses, small, relatively stable subgroups
are formed (Figs. 2, 3, tables 2a, b); however, the relation-
ships among them change from run 1 to run 2 when the
canopy species are removed. While the subgroups them-
selves represent floristically similar clusters of relevés, the
larger groups (separated by double lines in Tables 2a, b)
that are formed are uninterpretable phytosociologically.
The total rearrangement of subgroups between the two
RUNs suggests that presence/absence data alone do not
sufficiently show the relationships (if any exist) between
groups of plots.

The DIF 2 analyses (Figs. 4, 5, Tables 3a, b) reveal the
advantages of incorporating the relevé cover/abundance
values. Although the canopy species are much more
heavily weighted in DIF 2 (DIF 1 weighs a solid Quercus
canopy and a single rare herb equally), their removal in
run 2 causes little rearrangement of the relevés. Large
stable groups of plots are maintained from run 1 to run 2.
These groups are composed of relevés which have similar
or identical canopies. The DIF 2 analysis, therefore,
indicates that the understory development is not un-
patterned. Similar canopies have similar understories.
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However, the differences between the groups of relevés
are not due, in a large part, to different species composi-
tions in the understory, but to different relative abundance
values for species.

It is not surprising that the DIF 1 analyses are in-
conclusive. Because Saginaw Forest is small, most of the
species present have had ample opportunity to disperse
throughout the forest area. The various forms of distur-
bance, such as foot paths, stand thinning, and edge effect,
would tend to favor the propagation of certain species
throughout the forest. Also, there is probably some mixing
of the litter that creates islands of favorable sites in other-
wise inhospitable plantations. These phenomena would
tend to equalize the species composition of all the plots
without markedly altering relative abundances.

Many environmental factors are acting in the deter-
mination of the structure of the understory in each plot.
Among these are certainly water and light availability,
soil type and nutrient content, allelochemic interactions,
microtopography, and animal predation (Moir 1966,
Anderson et al. 1969, Rice 1974, Christensen & Muller
1975, Lodhi 1976, Bratton 1976). This study does not
undertake to determine the actual pathways of the influ-
ence of the canopy on the understory, but only to note
their effects as shown by changes in species composition.

The complete matrix of relevés (Table 1) has the columns
ordered in keeping with Table 3a (DIF 2, bottom 3 strata),
and the rows of species are generally in the sequence of
canopy tree species occupying the canopy layer (stratum 1)
or occurring in four layers, shrub and tree species occurring
in strata 2 to 4, and herbaceous species in stratum 4.
Mosses and lichens were not included in the relevés.

Numerical methods for analyzing phytosociological data
matrices have appeared with increasing frequency in the
past decade (see review by van der Maarel 1974, and
Westhoff & van der Maarel 1978) but as far as we know,
none of the published methods is capable of analysing
strata or examining the influence of the canopy composi-
tion on understory vegetation.

Summary

During May and June, 1974, relevés were obtained from
30 plantation stands in the Saginaw Forest in south-
eastern Michigan. The canopy trees in these plantations
were planted between 1904 and 1938. The understory has
developed naturally over the years. The forest plantations
offer opportunities for study of the effects of the canopy



on the structure and species composition of the under-

story.

A new numerical method of data structuring was used,
which is based on the detection patterns of associated
species within the table of 30 relevés from Saginaw Forest
plantations. The method employs two difference measures.
DIF 1 uses presence/absence data and DIF 2 the cover/
abundance values obtained from the relevés. Both dif-
ference measures supply distance values for every pair of
relevés. The least dissimilar relevés are then grouped
together by the farthest neighbor agglomerative algorithm
of Lance & Williams (1967).

The DIF 1 analysis was inconclusive, but the DIF 2
analysis gave coherent results. It has shown that relevés
with similar canopies have similar understories. The
differences in understories among the relevés are due less
to species composition than to the relative abundances of
the species.
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