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Monte, Judith Ann (Dept. of Geography. Louisiana State
University. Baton Rouge, La.) The successional convergence of
vegetation from grassland and bare soil on the Piedmont of
New Jersey. William L. Hutcheson Memorial Forest Bull.
3:3-13. 1973. The rate and character of successional conver-
gence between grassland and bare soil was studied by means of
yearly sampling on permanent plots in two pairs of fields which
have similar physiographic and soil conditions but different ori-
gins. The fields had been planted in Daciylis glomerata; one

ficld of each pair was plowed, and all fields were then aban-

doned, Data were collected for seven and nine years for each
pair of fields respectively.

Analysis of the data was conducted in three parts. Dissimi- |

larity values were calculated using Bray and Curtis® Index;
Whittaker’s Dominance-Diversity curves were drawn for all
fields: and Shannon-Wiener diversity values were calculated.
The successional convergence between hay and plowed fields
has been substantiated in all aspects ol this study.

Introduction

It has been suggested that vegetational succession is
directional developing toward one climax type. The ex-
treme concept is that all successions in a climatic area,

regardless of site, are in the process of change and that |

the direction of change tends toward one climax (mcno-
climax) (Clements, 1916). Clements was concerned more
with process than with actual accomplishment of climax.
Others (Tansley, 1935) who are perhaps more realistic
and Jess inclined to academic concepts recognize that
successions of various origins on the same physiographic
- and soil situations not only demonstrate the process of
directional change but can and do develop toward rela-
tively uniform *“edaphic” climaxes. Thus, a hay field and
.a plowed field on comparable sites should ulumat:ly be
expected to show convergence 10 a similar type of vege-
tation, This study 1S an investigation of two pairs of
ficlds to determine the rate and character of successional
caonvergence of vegetation from grassland and from bare
soil.

Unique to this study is the fact that data were collect-
ed for consecutive years (seven and nine in this case, for
cach of the pairs of fields, respectively) on permanent
' Quadrats in the same fields. Thus, the data provide a
reasonably precise picture of the carly stages of old field
succession.

Papers on old field succession are numerous in the lit-
erature, taking into account three different approaches.
Most of the studies are descriptions of the vegetation in
fields of various stages of succession, some consider the
functional characteristics of the communities, and others
attempt to describe the processes of succession.

Previous to this study, only Bard (1952) had studied
old field succession on the Piedmont of New Jersey. She
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described the Hutcheson Memorial Forest, a forest over
250 years old, as approximating climax. By studying
nearby fields (within a five-mile radius) of various ages, .
she was able to investigate the major changes which take
place in the vegetation and soil during succession,

Hutcheson Memorial Forest, originally known as
Mettler’'s Woods, is a mature (over 250 years old) oak
forest (Buell, 1957) of 65 acres located just east of East
Milistone on the Piedmont in Central New Jersey. Ad-
jacent to the woods are fields totaling some 71 acres
which are part of the tract (Buell, 1957; Monk, 1958).
These fields, which were the major concern of this study,
are covered with low-growing vegetation characteristic
of farmiand in the early stages of abandonment.

The gently rolling topography of the Piedmont is un-
derlain by Triassic red shale of the Brunswick formation
(Kummel, 1940). These shales weather to soils known as
the Penn catena, which is moderately fertile, shallow,
generally well drained, loamy, and sometimes slightly
droughty (Tedrow, 1963),

According to Ugolini’s (1964) study nf the Hutcheson
Memorial Forest, there are only slight differences in soil
texture and depth between the fields chosen for this
study. and thus, the fields may be considered to have
similar soil conditions.

New Jersey has humid subtropical summers and mild
winters. The Piedmont receives 44 to 48 inches of precip-
itation annually which is distributed evenly throughout
the year. Despite this ample amount of precipitation,
periods of drought are not uncommon (Dunlap, 1959).
Severe summer droughts which occurred in 1962, 1963,
1965 and 1966 are pertinent to this study.

Methods
Selection of the Fields

Two pairs of field units on which data had been col-
fected annually were available for the study (Figure 1).
One ficld of each pair of fields was plowed just prior to
the initiation of the records and the other was left as an
orchard grass (Dactylis glomerata) meadaw, with no
further harvesting taking place.

The pair on which the longest record was available
(nine years) was designated as EI and E2, On both ficlds

- orchard grass had been planted and harvested for hay in

1961. This was the only harvest. Field unit E2 was
plowed in June of 1962, while El remained an orchard
grass {ield.

The other pair, designated C6 and C7 for which seven
years of data were available, was also planted to orchard
grass in 1961, but the ficlds were harvested for hay

William L, Hutcheson Memorial Forest Bulletin 3(1):3-13,



: .
J/ Sycamore Planting .-

Anwall Road

Z UPLAND FOREST

LOWLAND FOREST
[ ronucs

100 Maters
| T
200 Yesat

| I PSS -

Figure 1. The position of the fie!lds and the two forested areas
sampled at Hutcheson Memonal Forest.

through 1963, after which they were abandoned from ag-
ricultural use. C7 was plowed in April 1964, thus, start-
ing succession from bare soil in that field, while C6 re-
mained in orchard grass. |

Thus, the two pairs of fields have somewhat compara- -

ble histories, separated only by a two-year time span,
allowing for: (1) comparisons within pairs, i.c., between
Cé6 and C7, and between El and E2 for a consecutive
number of years (seven and nine, respectively). and (2)
for comparisons between pairs (representing a max-
imum of seven years of abandonment). |

Vegetation Measuremen!s

The area sampled in each field measured approxi-
mately 50 by 100 meters and contained 48 systematically
placed permanent quadrats. The quadrats measured 1 /2
x 2 m and were spaced eight meters apart along five lines
of ten quadrats each, except for the fifth line which con-
tained only eight quadrats.

Data were collected during late July through early
August for seven and nine successive years for the C and
E field, respectively, except for 1966 when data for [ields
C6 and El were not recorded. Percent Cover of each
" species per quadrat was visually determined and record-
ed. The cover often totaled more than 100% due to over-

-

lap of the foliage of the species and particularly as a
result of layering in the herbaceous community.

In addition to the above procedures, the vegetation on
two areas in the forest, designated D1 and B3 on the map
(Figure 1), was sampled using a quadrat system similar
to the one used in sampling the fields. Cover data were
recorded for the summer of 1970 only. The data included
cover values for all layers of the forest. This was done
following the same procedures as used in the field
studies. |

We sampled field E2 twice on the same day in the
summer of 1970. For the second sampling the quadrats
were arranged so that they were halfway between the
original quadrats and perpendicular to them. Cover data
were recorded as previously,

By sampling the forest in two places and by sampling
a field twice with two different sets of quadrats, { hoped
to obtain information with which I could better interpret
the meaniag of the Dissimilarity Indices which were cal-
culated to compare the fields. The forest data would tell
me something about how different two parts could be of
a natural community which have had a long period of
time to develop relatively free of human disturbance.
The duplicate field sampling was to give me some basis
for knowing the degree of difference that could result
from the replicate sampling of the same field with the
same number of quadrats (48). - - |

Nomenclature follows Gray’s Manual of Botany (Fer-
nald, 1950) except for the Compositae, in which it fol-
lows Gleason and Cronquist (1963).

I wish 10 express appreciation to Dr. T. G. Siccama
for his helpful advice on some aspects of the paper and to
Dr. J. A. Small and Drs. M. F. and H. F. Buell for use of
data collected on the fields. -

Vegetation Analyses |

Mean cover values derived from the data were used in
the following three ways:

1. To compare the fields, dissimilarity values were
calculated using the formula employed by Bray and
Curtis (1957). This formula is a mathematical expres-
ston which attempts to show the similarity or dissimi-
larity between stands by taking into consideration the
quantitative values of the species (in this instance, mean
cover values) which the stands have in common and di-
viding that by the sum of the quantitative values of all
the species for ecach of the stands. The actual formula for
the Index of Dissimilarity is:

) 2w
C=3+b

iD=100-C

-

where: w = the sum of the quantitative values of the
species shared by the stands; a = the sum of all values of
the species for the first stand; b = the sum of all values
of the species for the second stand. -

2. Natural communities are mixtures of species which’
arc unequally successful (Whittaker, 1965). In a given



community, one or a few species, the dominants, over-
shadow all others and may strongly affect the environ-
ment of the other species. The community also includes
species which are of intermediate abundance or rare, and
it is the number of these species which primarily deter-
mines the community’s diversity. Taking this approach
to the expression of diversity, Whittaker's Dominance-
Diversity Curves were constructed from the field data,
By using some imporiance value, such as productivity,
biomass. basal area, cover (mean cover was used in this
study), etc., for the species, and plotting them against a
species sequence, we get a curve which forms a continu-
ous progression from dominants through intermediates
to insignificant species. It was on this basis that Whit-

taker {1965) developed the family of curves for the plant

communities in the Great Smoky Mountains. He found
that the communities of the greatest diversity had sig-
moid curves which fit the logarithmic series of Fisher,
Carbet, and Williams (1943).

3. Finally, Shannon-Wiener Diversity Indices (Cox,
1967) were calculated for each of the fields in an effort to

 express mathematically that which the Whittaker

Curves attempt to indicate graphically. The Shannon-
~ ‘Wiener Index gives a much better representation of the

~ diversity of the fields because it attempts to describe the
average degree of uncertainty of occurrence of a particu-
lar species at a certain point. This uncertainty increases
both as Species Richness (the number of species) n-
creases and as Evenness (the equal distribution of indi-
viduals among the species) increases. The formula used
for calculating diversity is:

H = 3.321960;_!.;;1‘4 - —g,l'Eﬂilﬂgmni)

where: N = total number of individuals of all species.
n; = number of individuals of the i'P species.
To measure the Evenness of a field, we take the ratio of
the observed diversity to the maximum diversity possible
for the same number of species (Piclou, 1969). The for-
mula for Evenness is:
. . -
3 = Hmax
where: H' = diversity; H' max = Log,S: S = the
number of species in the field. . .

Results

The trend toward convergence between plowed and
hay fields was substantiated in this study on the basis of
Dissimilarity Values, Whittaker Dominance-Diversity
Curves. and Shannon-Wiener Diversity Indices. These
three sets of calculations all indicated an increasing simi-
larity between the two different types of fields.

Figure 2 (using Dissimilarity Indices) shows the con-
vergence which is occurring between the hay and plowed
fields. Fields C6 (hay) and C7 (plowed) were 86% dif-
{crent (assuming we can refer to the coeflicient of Dis-
similarity as expressing a percentage difference between

Age of Flelds

communities) after the first year of abandonment. After
seven years they were only 38% different. Fields E1 (hay)
and E2 (plowed) were 96% different the first year, 63%
different the seventh year, and 38% different by the ninth

year.
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Figure 2. The convergence hetween hay and plowed ficlds, ex-
pressed as decreasing dissimilarity values through time. The
dashed lines represent projections of convergence into the fu-
ture, with 3% dissimilarity marked as the time when the hay
and plowed ficlds may be considered to be essentially alike. i.e.,
8 years after abandonment in the C fields and 11 years alter
abandonment in the E ficlds. /

The significance of these values is best understood
when we consider that; (1) when two “*similar™ areas of

. the forest were compared, they were found to be 31% dif-

ferent: and (2) when the same field was sampled twice, a
16% difference was found representing the difference due
to sample error alone. Table 1 lists the plants and cover
percentages found in both the first and second samplings
of field E£2 1970. The differences between these two show
how close the two samples estimate each species (the
greater the difference in mean cover, the more variation
in sampling). | |

Tables 2 and 3 show the dominant species by year for
each field. thus reflecting the annual successional
changes in field composition. In field C6, Dactylis glo-
merata maintained dominance until 1969 when
Agropyron repens replaced it as the leading dominant
with a mean cover of 48%. Other important species in-
cluded Oxalis stricta, Chrysanthemum leucanthemum,
Solanum carolinense, and Aster pilosus. The first two
years of abandonment found field C7 with a dominance
of Ambrosia artemisiifolia. By the third year Agropyron
repens was the leading dominant with a mean cover of
42%, increasing to 81% in 1968, and decreasing to 27%
but still holding dominance in 1970. Convolvulus sepium
was also quite abundant in 1968-1970.

Dactylis glomerata actvally increased its coverage and
thus dominance in field Ei from 1962 to 1967. In 1967 it
covered 76% of the field, but decreased to 22% in 1968
and to less than 7% after that. E2 was covered with Digi-
taria sanguinalis (38% mean cover) the {irst year. Runtex
acetosella. Linaria vulgaris, Aster vimineus, and
Hieracium pratense made up the leading dominants dur-
ing the following years. The interesting point here is that



Table 1. The list of pltants resulting from two successive sam-
plings designated field E2(1) and E2(2), respectively. 1970, show-
ing the mean cover for eaach plant in each tield and the amount ol
cover which they have in common. The difference between mean

cover is also given.

e . . e
shlrie—

Mean cover Msan covar
Field Field Difter-
Species E2{1} E2{2) Shared ence
Abutilon theophrasH —_— 0.22 — 0.22
Acalypha gracilens 0002 ~— —  0.002
Acalypha rhomboidea . 0.16 0.18 0.16 0.02
Acer nequndo 0.27 0.31 0.27 0.04
Achillea millefoliurn 6.54 4.81 481 1.73
Allium vineale - 0.16 0.12 0.12 0.04
Ambrosia arternisiilolia — 0.02 —  0.02
Apocynum cannabinum 0.52 0.20 0.20 0.32
Aslar ericoides 3.90 3.54 3.54 0.36
Aster pifosus 17.90 21.14 17.90 3.24
Aster simplex 0.2 0.67 0.2 047
Aster vimineus 3.68 5.58 3.68 1.90
Barbarea vulgaris 0.10 0.16 0.10 0.06
Centaurea dubia - 2.81 0.18  0.18 2.63
Cerastium vulgatum — 0.16 -—  0.16
Chrysanthemum
leucanthemum 2.56 1.68 1.68 0.88
Cirsium ervense 0.02 —_ -—  0.02
Cirsiurmn discolor 0.14 0.02 0.02 0.12
Convolvulus sepium 2.87 2.81 2.81 0.06
Cornus HNorida - 0.002 — 0.002
Cyperaceas . — 0002 -  0.002
Dactylis giomerata | 0.45 0.79 0.45 0.34
Daucus carota | 8.85 7.45 6§85 0.60
Dianthus armaria 0.52 0.27 0.27 0.25
Erechitites hieraciolia —_ . 0002 — 0.002
Erigeron annuus | 0.87 114 087 0.27
Fragaria virginiana 4.93 4.47 447 0.46
Hieracium florentinum 4.66 1.27  1.27 3.39
Hieracium pratense - 26,14 27,33 26.14 1.19
Juniperus virginiana 0.56 0.08 0.08 0.48
Lactuca canadansis 0.04 —_ —— 0.04
Lepidium campestre —_— 0.14 — 0.14
Linaria vulgaris 0.85 0.91 0.85 0.08
Lobelia inflata 0.10 0.02 0.02 0.08
Lonicera faponica 11.43 7.41 7.41 4.02
Lychnis alba - 0.43 0.10 0.10 0.33
Oenothera biennis 1.43  1.45 1.43 0.02
Oxalis stricta 0.52 0.70 0.52 0.18
Penstemon hirsutus 0.04 -— — 0.04
Physalis subgiabrata 0.04 0.02 0.02 0.02
Plantago lanceolata 2.89 2.52 252 037
Plaatago rugelii ' 037 020 0.20 0.17
Poa compressa | 0.10 —_ - 0.10
Poa pratensis .. 4,08 8.20 408 4.12 :
Polygonum convolvilus — 0.002 — 0.002 -
Potantilla canadansis 1.97 —_ —— 1.97
Potentilia recta 025 022 022 0.03
_Prunus serotina 006  — —  0.06
Pyrus malus —_ 0.41 -  0.41
Raphanus raphanistrum — 0.02 e 0.02
Rhus glabra | 0.60 2.60 0.60 2.00
Rhus radicans 0.14 0.39 0.14 0.2%
Rosa multiliora 2.81 0.25 0.25 2.56
Rubus allegheniensis - 0.02 -—  0.02
Rubus flagalleris 0.08 0.10 0.08 0.02
ARumaex acetoselia 0.93 1.06 083 013
Solanum carolinense 1.06 1.58 1.06 0.52
Solidago graminitolia 0.43 0.39 0.39 0.04
Solidago juncea 1.20 1.43 1.20 0.23
Solidago nemoralis - 0.93 1.54 0.3 0.61
Taraxacum olficinale 0.06 0.08 0.06 0.02
Trifolium hybridumm 0.04 0.12 0.04 0.08
Trifoliurn pratense 0.002 006 0.002 0.058
Verbascum blattaria - 0.35 0.45 0.35 0.10
Vicia villosa 2.18 0.62 0.62 1.586

Totals 122.22 117.62 .100.09

whereas these hay and plowed fields contained almost
completely different dominant species during the first
vears of succession, by 1970 the C fields shared four out
of the five most abundant specigs, representing over 80%
mean cover, and the E fields shared five out of the eight
most abundant species, representing over 60% mean
cover. Visual inspection of the overall appearance of the
fields at this point in time showed the E fields to look
very much alike, and the same was true of the C fields.
However, the C and E fields appeared quite distinct
from each other.

Regression analysis of the dissimilarity values, com-
paring C6 with C7 and E1 with E2, shows that the C and
E fields are changing at different rates (figure 3), the rate
of convergence between hay and plowed ficlds being fas-
ter in the C fields than in the E helds. Using 31% as an
estimate of dissimilarity that one might expect between
two areas with the same history, the fields would assume

Table 2. The dominant species of fields C8 and C7. The shared
species are shown in bold {ace type. .

- Cé (Hay) . C7 (Plowed)
Mean . " Wean o =

Yeoar cover Species covar Specles
1964 87 Dactylis glomerata 54 Ambrosia

9 Agropyron repens - artemisiitolia

5 Piantago rugelii - 31 Raphanus

5 Oxalis stricta raphanistrum

3 Barbarea vuigaris 1t Chenopodium album

10 Plantago rugalii
i Acalypha rhomboidea

1965 47 Dactylis glormerata 80 Ambrosia
10 Agropyron rapens arternisiilolia
4 Raphanusraghanistrum 22 Barbarea vulgaris
2 Rumex acelosella 14 Plantago rugelii
- 2 Chrysanthemumileuc. - S Oxalis siricta

5 Agropyronrapens

1968 | | 42 Agropyron repens
| 18 Barbaresa vulgaris
12 Plantago rugelii |
10 Dactylis giomerata
® Lychnis alba

1967 87 Dactylls glomerata 47 Agropyron repens

5 Agropyronrepens - 26 Dactylis glomerata
S Lotus corniculatus 11 Erigeron annuus
8 Chrysanthemum leuc. 8 Oxalis siricta
4 Rumex acelosella 8 Plantago rugelii
1968 39 Daclylis glomerata 81 Agropyron repens
13 Agropyron repens 14 Convolvulus seplum
11 Oxalis stricta & Oxalis stricta
8 Raphanusraphanistrum 5 Linaria vulgaris
7 Rumaex acetosella 4 Solanum carolinense
1969 48 Agropyron repens 61 Agropyron rspans
15 Chrysanthemum lauc, 24 Convolvulus sepium
8 Oxalis stricta 1t Mieraciurn pratense
8 Rumex acetoselia 10 Oxalis stricta
S Barbarea vuilgaris 7 Solanum carolinense
1970 50 Agropyronrapens 27 Agropyron repsns
13 Solanum carolinense 18 Convoivulus sepium
11 Aster pllosus 17 Aster pllosus
- 9 Rumex acelosella 10 Solanum carolinense
8 Convolvulus sepium 8 Mieracium pratense




likeness in 8 and 11 years after abandonment, respec-
tively.

Table 4 shows the amount of change (expressed in dis-
similarity values) which has taken place in each field
from its first year of abandonment to the last year of

Table 3. The dominant species of fields E1 and E2. The shared
species are shown in bold fase type.

Plwsinl larity Valuas

E1 (Hay) E2 (Plowed)
Mean o ‘Mean
Year cover Species cover Speacles
1962 55 Dactylis glomerata 88 Digitaria sanguinalis
20 Plantago rugelif 14 Mollugo verticillata
13 Piantago lanceolsta § Porlulaca oleracea
8 Erigeron annuus 4 Cyperus sp.
2 Dauycus carota 2 Rumex acetosella
1963 53 Dactylis glomerata 18 Rumex acelossila
12 Plantago rugelil 10 Chenopodium album
T Aster ericoides 10 Amibrosia
8 Erigeronannuus arlemisiifolia
2 Poapratensis - 8. Barbarea vulgaris
7 Convolvulus sepium
1964 72 Dactylis glomerata 40 Rumex acetosella
30 Daucus carots 13 Convolvulus sepium
8 Plantago rugelil 11 Linaria vulgaris
4 Rumex acetosella 11 Ambrosia

artermnisiifolia

4 Aster ericoides
| 11 Trifolium hybridum

1865 67 Dactlylis glomerata 17 Rumaex acelosella
3 Chrysantehmum louc. 14 Linaria vuigaris
3 Rumex acetosella 11 Erigeron annuus
2 Aster ericoides 4 Convoivuius sepium
2 Linaria vuigaris 4 Lychnis alba
1968 | ’ 18 Linaria vulgaris
_ o 10 Vicia vitlosa
\ 8 Daucus carota
* 8 Lychnis aiba
T Rumex acetosella
1987 76 Dactylis glomerata 19 Aster vimineus
. Y3 Aster ericoides 19 Ambrosia
7 Linaria vulgaris - artemisiifolia
7 Poa pratensis 15 Convolvulus sepium
5 Rumex acetloselisa 11 Aster pHosus
' ' 11 Erigeron annuus
1968 22 Daclylis giomerata 19 Aster vimineus
18 Oenothera hiennie 8 Osnothera blennis
11 Linaria vulgaris 8 Chrysanthermnum lauc.
8 Poacompressa 8 Hieracium pratanse
4 Rumex acetloselia 8 Erigaron annuus
1969 23 Linaria vulgaris 23 Hieracium pratense
14 Qenothera bienals 15 Aster vimineus
12 Rumex acelosella 10 Asterpilosus
12 Chrysanthemum leuc. 8 Chrysanthemum lsuc.
7 Poapratensis 8§ Oenothera biennis
1870 13 Aster ericoides 26 Hisraclum praiense
1) Poa praiensis 18 Aster pilosus
9 Lonicers japonica - 11 Lonicera japonica
8 Daucus carotls | 7 Daucus carota
8 Potentilla canadensis 7 Achillea millefolium
6 Fragaria virginiana 5 Fragaria virginiana
6 Solidago junceas 5 Hieracium Norentinum
& Hieracium pratense 4 Poapralensis
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Figure 3. Regression analysis showing the rate of convergence
of the C and E fields. The extension of these lines shows the C

fields to become alike in 12 years and the E fields in 16 years,

sampling. Values are also given for the E (1968) fields.
The change has been great in all of the fields, but in all
cases the plowed fields show the greatest charge, Also, it
1S interesting to note that the C fields show the most sim-
ilar amount of change (their values are closer to each

- other), whereas the E fields differ extensively from each

other.

It follows that a comparison between C6 and El (both .
hay fields) and a comparison between C7 and E2 (both
plowed fields) need not necessarily be expected to yield
low dissimilarity values at the same age. Results for the
first and seventh years are given in Table 5. The one-
year-old plowed fields were very different from each
other (92% dissimilar), and even after seven years they
were still 54% different, Even the hay fields, which with
an almost complete dominance of Dactylis glomerata we
would expect to have very low dissimilarity values, were
42% different at age one and 79% different at age seven.
If these values seem surprising, we must remember that
although the data represent the same age fields, they rep-
resent different chronological dates.

An extremely important factor influencing the first
year's successional vegetation of the plowed fields was, |
believe, the amount of precipitation received by these

Table 4. Dissimilarity values showing the degree of change oc-
curring within each field by comparing tha first and last year of
each field, plus the first and seventh year of the E fields.

Years being Number of years

Fields compared since abandonment Dissimilarily
C6 (plowed) 1964-1370 R 78
C7 {(hay) 1964-1970 7 - 835
£1 (hay) 1962-1568 7 &89
E2 (plowed) 1962-1968 7 97
EY (hay) 1962-1970 9 81
1962-1970 | 9 97

€2 (plowed)




Table 5. Dissimilarity values comparing two plowed helds of the
same age and two hay fields of the same age.

bl o — a . —— E—rE WT T —

i R I . eyl

Fields being Dissimilarity
compared Field year Age of fields value
C7-E2 1964-19562 | 1 92
{plowed) '
1970-1968 7 54
C6-Et 1964-1962 1 42
{hay) . .
1970-1968 7 79

newly abandoned fields. As indicated earlier, 1962, the
year in which the E fields were abandoned, was a fairly
dry year, whereas 1964, the year in which the C fields
were abandoned, was a moderately wet year, This influ-
ence can be seen, for example, in the distribution of Digi-
taria  sanguinalis, Ambrosia artemisiifolia, and
Raphanus raphanistrum for those years. In field E2
(1962), Digitaria sanguinalis had a mean cover of 88%,
but dropped to 0% in E2 (1964) and to 3% in C7 (1964).
~ Likewise, Ambrosia artemisiifolia and Raphanus ra-
phanistrum were very abundant in 1964, but scarce in
1962, Thus, the success of particular species may be
dependent upon their water requirements,

There were also several other factors involved here.
Ugolini (1964) indicated minor differences in soil be-
tween the fields, implying soil differences as probable
casuses for only slight changes in vcgctatiun. No doubt,
plant competition, germination requirements, and time
of plowing were 1mportant also. (E2 was plowed in June
1962; C7 was plowed in April 1964.) And Wales (1969)
describes what he calls “edge-effect.”” In this case, the
north facing side of the forest acts as a barrier to winter
winds, resulting in snow accumulation and, thus, greater
soil moisture there. Also, the proximity of the fields to
the forest provides for seed dispersal of forest species
* from the forest to the field. This phenomenon can be
scen in the C fields, where such forest representative
species as Acer rubrum, Cornus florida, and
Parthenocissus quinguefolia were found.,

If we next turn our attention to expressions of diver-
sity, we see first that the construction of,Dominance-
Diversity curves (Whittaker, 1965) shows increasing di-
versity in each ficld, as the curves, through successive
yecars, approach the sigmoid shape (Fisher et al. 1943).
They also show a decrease in single species dominance
with time (Figures 4, 5, 6, and 7).

When the 1964 Dominance-Diversity curves of Cé and
C7 are compared, clear differences can be observed be-
tween them. The same is true for the 1962 curves of
fields E1 and E2. However, comparisons between C6
and C7 (1970) curves show striking similarity. This is
true of E1 and E2, for both 1968 and 1570 curves (Fig-
ures 4, 5, 6, and 7). The simildrity of the curves supports
the hypothesis of increasing similarity between hay and
plowed fields.

Figure 8 shows the convergence of Species Richaess
(the number of species in each field) between the hay and
plowed helds. In 1970 the total number of species for C6

| FIELD C6

Figure 4. Whittaker’s Dominance-Diversity curves for field C6
(hay). *Species sequence™ refers to the sequence of cover values
for the species occurring each year resulting in the curves.
Numbers at base of each curve show the numbers of species oc-
curnng In the samplmg that year.

i g

Figure 5. Whittaker's Dummanc:—[)m:rsn} curves for field C7
(plowed). For explanation see fig. 4.

F igure 6. Whittaker's Dominance-Diversity Curves for field EI.
(hay) For :xplanatmn see fig. 4.

N

Figure 7. Whittaker’s Dominance-Diversity Curves t'ur field E2.
(plowed). For explanation see fig. 4. OIS



and C7 and for E! and E2 were almost equal. The gener-
al trend was toward an increase in species number with
the plowed fields (with one exception) always having the
greater number of species. |
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Figure 8. The convergence of Species Richness (the total
number of species per field per vear) between the hay (Cé6, EI)
and plowed {C7, E2) fields. Since C6 was not sampled the third
year and El the fifth year, the curves at these poinis are not
comparable with the others.
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Figure 9. Diversity values for the C and E fields, showing the
convergence of the hay (C6, El) and plowed (C7, E2) ficlds
through time. '

Shannon-Wiener Diversity Indices were calculated for
all four fields, the two forest areas, and the E2 (1970)
second sampling. These are shown in Table 6. The signil-
icance of the diversity values is best understood when we
consider that two “*similar™ areas of the {orest had diver-
sity values of 3.272 and 3.066, a difference of 0.21, and
that two samplings of the same field yielded diversity
values of 3.918 and 3.757, a difference 0f 0.16.

The overall trend was toward greater diversity with
field age, confirming results found previously with the

Table 6. Shannon-Wiener Diversity Values.

forest forast

hay plowed hay plowed E2

Year C86 C7 E1 E2 (2nd) (D1} {(B3)
1962 2.352 1.874

1963 2.458 3.966

1964 1.588 3.212 2425 3.837

1965 1.973 2671 1.551 3.694

1966 — 3.518 — 4.103

1967 1.781 3.628 2.541 4.365

1968 3.478 2578 3.694 4.255

1969 3.638 3.608 4.431 4.402

1970 3.991 4.020 4.495 3918 3.757 3.272 3.068
4

Convergance

W

— Fileld C7
— e Plald Cb6

Diversity Values
- ~

n 4 ”
g ¢ 8
e r 4 Convergence
> 3 /
/
oy -
g -
n 2 P
. S
vt — Fleld E2
Q3]

- Field E1

Field Aga

Figure 10, Evenness values for the € and E {ields, showing the
large increase in Evenness in the hay ficlds, four to five vears
after abandonment. -



Whittaker curves and Species Richness. The plowed
ficlds generally had the higher diversity values.

Diversity values for plowed and hay fields varied wide-
ly from each other during the first few years of succes-
sion, but converged to similar values in the last two years
of study (Figure 9). Except for E2 (1962). the plowed
fields maintained high diversity for most of the vears
with a range of 2.6 to 4.4, whereas the hay fields had a
wider range of 1.6 to 4.5 indicating a greater amount of
change. This great amount of change or large increase in
diversity in the hay fields can be seen in Figure 9. It oc-
curred in the C fields between four to five years after
abandonment. and in the E fields between six to eight
years after abandonment. | found that this change in
diversity was due to Evenness rather than Species
Richness. Figure 10 shows Evenness plotted against fietd
age. The similarity of the Evenness graphs to the diver-
sity graphs in Figure 9 indicates that diversity in these
ficlds is best explained by Evenness rather than Species
Richness. At the time of increase of diversity, increase in
Species Richness was very small; the C fields increased
by five species and E fields by 11 species.

Apparently the high dominance concentration of hay
during the first four to five years of succession plays an
important pazt in the development of vegetation on hay
fields. Beckwith (1954) suggests that this is the time
when a hay field starts to deterioriate, thus creating
openings in the vegetation where the existing species
might then muitiply. |

Discussion

The results of this study lend weight to the concept
that successions in an area on comparable sites converge
to a similar type of vegetation and that in' New Jersey
the rate of convergence is rapid. This is certainly true of
two fields such as a hay field and a field starting out with
bare soil. Such fields with similar physiographic and soil
conditions may become essentially alike after as little as
8 to 11 years after abandonment.

The similarity in slopes (Figure 3), yet differences in
dissimilarity values between the C and E fields, suggest-
. ed that perhaps some other factors than those already
considered were at work here (The slopes are not signifi-
cantly different at the .05 level.) Beckwlth (1954) states

that

hay lands differ sharply from cultivated ... lands since by
the time they are abandoned they have already been occupied
by a heavy growth of perennial plants. Sometimes the growth
has persisted for many years under annual mowing of hay.
Nevertheless, during the years that crops are cul from hay
ficlds various woody plants and other perennials are es-
tablished that only become conspicuous after abandonment.
For this reason it is necessary to begin the study of succes-
sional trends on these lands with the last year of plowing in-
stead of the year of actual abandonment.

This idea suggests that the C6 (1964) field, which was .

planted in 1961 and harvested through 1963, but not
abandoned until 1964, may represent a field which is
older than one year and perhaps as old as.three years.

r' bisainilarity Yalues

Table 7. A comparison, using dissimilarity vatues, betwean Held
C6 (1964) and one-, two-, and three-year-gld hay fields of field
E1.

- — .

R e T T T e T ——

Fleld comparisons Dissimilarity
C6 {(1964) with: values
€1 (1962) 42
E1({1963) 39
E1({1964) 27

With this in mind, I decided to compare (using dissim-
ilarity values) field Cé (1964) to various age El fields to
see whether field C6 most resembled a one-, two-, or
three-year-old hay field which had not been subject to
mowing. The results showed C6 (1964) to be most like
El (1964) — a three-year-old unmowed hay field (Table
7).

Thus, the data for the C fields in Figure 3 may actual-
ly represent a comparison between a hay and plowed
ficld in which the hay field is two years older than the
plowed ficld at each point along the graph. This would
account for the faster rate of convergence and the
smaller dissimilarity values found in the C fields as op-
posed to the E fields.

To test this idea further, | rmalculated dissimilarity
values for the E fields by making the E fields comparable
on an age basis to the C fields. That is, using the E field
data, |1 compared its three-year-old hay field to its one-
year-old plowed field, etc. The values were then graphed,
a regression line was drawn through the data, and the
line was compared to the C field regression line (Figure

11). I found that the slopes were not significantly dif-

ferent (P > .50), suggesting similar rates of succession
between both pairs of fields, but the dissimilarity values
were significantly higher in the E fields (using th: F test,

P < .05).
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Figure 11. A comparison between the C and E ficlds in which
the E [ield data have been made comparable to the C fields, The

“slopes are not significantly different at the .05 level; the dissimi-

larity values are significantly highee (.05 level) for the E fields.



Referring back to Figure 3, it would seem that the dis-
similarity values calculated for the C fields may indeed
represent a comparison between a hay and plowed field
in which the hay field is two years older than the plowed
ficld. If this is so, then the regression line drawn through
these values does not represent a completely valid pic-
ture of the rate and character of successional conver-
gence between hay and plowed fieids at Hutcheson Me-
morial Forest. I therefore suggest instead that it is the E
fields’ data which represent the best estimate of succes-
sional convergence. Following this assumption, a 95%
Confidence Interval for 8 (the true slope} was drawn

around the E ficlds’ regression line. If read at 31% dis-

stmilarity, this interval ought to tefl us the time period in
which we might expect a hay and plowed field, on the
‘average, o converge to similar vegetation 95% of the
‘time. Figure 12 shows this to be expected within a mini-
mum of 10 years and a maximum of 14 yecars after the
time of last plowing.

Assuming that C6 (1964) r:pr:sents a three-year-old
hay field, we might then go back and look at the fi igures
and tables which have been derived in the results portion

Table 8. Dissimilarity values comparing the two hay fields.
Comparisons were made on years since abandonment and years
since last plawmg {fields C6 and E1).

DissimBarity

‘Yaars since
Fields abandonment values
C6 {1964)-E1 {1562) 1 42
C6 (1965)-E1 (1963) 2 38
C8 (1966)-E1 {1964) 3 _—
C6 (1967)-E1 {1965) 4 24
C6 (1968)-E1 (1968) 5 —
C6 (1969)-E1 (1967) 6 81
C6 (1970)-E1 {1968) 7 79
~ Years since
1ast plowing -
C6 (1964)-E1 {1964) 3 27
€6 (1965)-E1 (1965) 4 32
- 6 (1966)-E1 {1966) 5 -_—
C6 (1967)-E1 (1967) 6 26
C8 (1968)-E1 (1968) 7 60
C6 (1969)-E1 (1959) 8 65
9 86

of this paper to see if our mt:rprctatlnn of the results |

would change:
1. Figure 2. The older age of field C6 would explain

the faster rate of convergence in the C fields as opposed

to the E ficlds.
2. Tables 2 and 3. iIn this case, C6 (1964) would be

- _compared to E1 (1964), C6 (1965) to E1 (1965), etc. An

mttrestmg point here is the amount of Dactylis glomera-
fa in the hay fields, which shows the same trend in both
fields of a decrease and then an increase, and finally a
loss of dominance in 1968,

"~ 3. Table 4. In this table, C6 (1964-1970) would actu-
ally represent a three-year-old hay field being compared

to a nine-year-old hay field, in which case we would ex-

- pect the dissimilarity value to be smaller than that of a
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Figure 12. The 95% Confidence Interval for A (true slope),

drawn around the E fields’ regression line and read at 1% dis-

similarity, shows the time period when we would expect conver-

gence to similar vegetation in a hay and-plowed field, i.e., be-
tween 10 and 14 years after the time of last plowing.

1

C6 (1970)-E1 {1970)

comparison between a one-year-oid and a nine-year-old
field. We find this to be true. Field C6 changed only
78%, while E1 changed 81%.

4. Table 5. The C6 and E1 dissimilarity values were
recalculated. Table 8 shows that the fields started out
much more alike (27% dissimilarity), and that they re-
mained alike for a few years (about four to five years),
after which time, according to Beckwith (1954), hay
fields deteriorate and as a resuit openings are created for
the establishment of many wild plants, both annuals or
biennials and perennials. After seven years they had be-
come 66% different, which may reflect microclimate,
s0ii, plant competition, and other such differences be-

tween the fields.

5. Figure 8. Figure 13 shows the results from Fig ure 8
with the line for field C6 redrawn. Figure 13(B) shuws
field C6 to be following field E1’s pattern in the number
of species per year. The number of species increased
greatly after seven years in both hay fields. It appears
that in.the next two years field C7 may converge with C6
as did E2 with El in 1970 (Figure 13(A)). -

6. Figure 9. Figure 14 shows the results from Figure 9
with the data from ficld C6 redrawn. Figure 14(B) shows
a similar pattern between the diversity lines of C6 and
El, especially between six to nine years after the last
plowing. It appears that the C6 and C7 fields might con-
verge at eight or nine years, after the last plowing (Fig-
ure 14{A)).

1. Figure 10. Figure 15 shows the data frnm the
Evenness graphs, with the C6 data redrawn and com-
pared to field EL. The greatest increase in Evenness oc-
curred between six to seven years after the last plowing
in both the fields. This time period is slightly greater
than that suggested by Beckwith for the deterioration of
a hay field. Thus, the above data secem to indicate that
the C6 ficld had actually been undergoing succession
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Figure 13, Species Richness (the number of species per ficld).
C6 has been redrawn so that the data start from the time since
last plowing rather than since abandonment. Graph A shows C6
(hay) compared to C7 (plowed): Graph B shows C6 compared

to E| (hay). '
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Figure 15. Evenness values for the C and E hay ficlds, with the
data from field C6 redrawa, so that the data start from the time
of last plowing rather than since abandonment.
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Figure 14, Diversity values for the C and E fields, with field C6
redrawn so that the data start from the time since the last plow-
ing rather than since abandonment. Graph A shows C6 (hay)
compared to C7 (plowed). Graph B shows C6 compared to El

(hay).

: ‘during the years of hay harvesting, aﬁd that it may be

considered three years old at the start of the sampling.
This fac: has helped to explain the faster convergence
found between the C fields. In conclusion, we are led to
rely on the E field data as the best estimate of succes-

- sional convergence between a hay ficld and a plowed

field on the Piedmont of New Jersey.

Based on the findings of this study, what then are the
characteristics of vegetational change which we might
anticipate in old abandoned ficlds? The increasing con-
vergence of these fields through the years has been sub-
stantiated in all aspects of this study. One is tempted to
conclude that, in genceral, old fields, regardless of origin,
will show convergence during succession. Thus, we prob-
ably are safe in predicting decreasing dissimilarity values



between fields which occupy similar locations, as succes-
ston progresses. Our data lead us to expect the number
of spectes to increase in a field, and to become compara-
bie in felds of the same age after a relatively few years.
It is perhaps safe to anticipate that diversity will increase
with succession up to a certain point, and regardless of
origin will be comparable from field to field. However,
as our forest data suggest, a decline in diversity may be
anticipated in later successional stages. Although the
species may vary from site to site, we would expect to
find only one or two species in the young fields with high
dominance, followed by increased evenness or a sharing
of dominance by several specics as the succession pro-

ceeds.
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