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- AESTRACT

This report 15 part of the continuing study of changes in the
vegetation communities on Fire Island in general and the Sunken Forest
in particular., Deta collected in the summer of 1987 indicate that

there cortinues %o be a

low level of mortality related to the
September,198% hurricare. Several partially uprooted Sassziras
albidum and fAmelenchier cansdensis trees died between ARugust., 1986

In most areas within the Sunken Forest the shrub laver

continues to show & vigorous response to the opening up of the canopy
above, The declire of the herbaceous perennial related to deer

grazing continues eventhough the woody seedling populations continue
to flourish.

T —

Dramatic charges have occurred i1in the herb layer after the firest

PSS

vear of the deer exclosure study, with cover increasing from 7.1% to

10.&6% 1n exclosed forest plots and seedling denmsity rmearly doubling.
Conmtrol plote remsined essentially constant.

In the assessmernt of the impacts of the Sunben Forest boardwal i
and associated "dirt" trails on the herbacecus laver, 1t was found
that the boardwalk itself had little negative impact compared to the

considerable negative influence of the dirt paths. Smilax

herbacecus cover 1s related to Smilan abundance.
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Results & Discussion

]

100 m Plots. The overall density of trees in the Sunken Forest
plots remained essentially unchanged between 1986 and 1987 (Figure 1,
Table 1, Qgpenﬁlxré). There were some significant changes in the
densities of species, however, during this period. Nyssa sylvatica

e e e e e T s

Caczafras albidum and Amelanchier cansadensis both decreased. The

mortality of the latter two species is related to the demize of
Rurricane-~weakened trees. fs noted in Art (1587), there were a
cubstantial mumber of Sasssfras and Amelanchier individuals that were
omly partially uprooted in September, 1985 by Hurricane Gloria. Some
of these trees survived through the 1984 growing season but succumbed
during the 1987 growing season.

Table 1. F.I.N.S. SUNKEN FOREST - TREES FLOT FOFULATION 1985
100 SQ. METER FLOTS- DATA COLLECTED IN 1987

SFECIES DENSITY §&.D. S.E. R.S.E.
(100M=2)
Ilex opacsa 7,08 b. 07 1.03 0.1%
Sassafras albidum .22 . Z.Z8 0. 87 0.17
Amel anchier canadensis g.11 G.14 1.5 0.17
MNyssa sylvatica 1.3Z2 Z.19 0,38 Q.29
Quercus velutina G.16 0,27 Q.06 O.41
Vaccimium Corymbosum Z.42 S.7% 0.99 Q.29
Fimus rigide G. 11 0. 46 0, 08 0.7%
Frunus serctine Q.42 1.12 0.19 Q. &6
Rhus copeallina ¢.11 0,22 0. 05 .51
Fyrus arbutifolia Q.37 1.38 0. 24 0. 54
Rhododendron viscosum 0. 16 0. 69 0.12 0.7S
fcer rubrum 0.74 .2 0.55 0.7%
MEAN TOTAL 26.26 12.%91 Z.21 C.08

disturbarmces wrought by Hurricane Glor:ia. Large blueberry shrubs

growing in the vicinity of gaps created Dy branch breabking &nc tree

)



TREE DENSITY (100 m2 plots)

Figure 1.
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Figure 2.
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uproocting during the hurricare have now been recruited into the tree

layver.

/
Everythough the densities of Sassefras and amelanchier decreased,

their b&sal areas‘élcng with those of llex and gzggﬁltha four dominant
tree species, all increased from 1986 to 198B7. For Nyssa this
increcse marked a return to pre-hurricane levels, while for the other
tree species the trend was & continuation of post-hurricane growth

~ 8

seen in 1986 (Figure Z % Table 2, Appendix A).

Tabhle 2.
F.oI.N.S. SUNKEN FOREST - TREES PLOT FOFULATION 1385
100 SQ. METER FLOTS- DATA COLLECTED IN 1987

SPECIES RASAL AREA c€.D. S.E. R.S.E.
(cmZ 100m-2)
Ilex opaca 1185.9 S72.77 166.832 .14
Sassafras albidum £5Z.8 &E92. 3 118.74 0.17
Amel anchier canadensis &SE. E852.91 94,82 0,14
Nyssa sylvatica 265.1 S20.88 ?1.04 0.74
Quercus velutina 146. 4 S67.27 97.28 0,66
Vaccinium corymbosum 7.6 74.6S 12.80 0. 27
Fimues rigida I6.7 159.832 27.41 0.75
Frunus serotina 12.4 7.3 &.41 C.48
Rhus copallina 1.0 Z.10 LE2 0. 52
Fyrus arbutifolia 4.2 16.12 2.77 0. &6
Rhododendrorn viscosum -, 0 B.7¢% 1.51 0. 7%
Acer rubrum Z6.0 187.10 ~h. %4 C.7%
MEAN TOTAL I0e1.2 Q0. 90 169.972 0,06

Eetweenr 19846 and 1987, the shrub layer also showed continued
positive responses to the 1983 hurricane. The denrnsities of all
species represented in the shrub layer i1ncreased, ancd the mean density
increased significantly (Table I, Figure I, Appendix &). Although the
decreased, they were more than compensated for by increased baseal
opeca, I. glsbra. and VYaccinium (Table T. Figure T.

areas of lle

Appendix A).
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Table Z. F.I.N.S5. SUNKEN FOREST - SHRUE FLOT FOFULATION 198BS
100 8Q. METER FLOTS- D&7TA COLLECTED IN 1987

SFECIES DENSITY S.D. S.E. R.S.E.
(100 m-20
ilex opsca - G.21 0.92 0,16 .99
Cazssatras albidum O, 47 1.76 0,27 oLOs
amelanchier canadensis 1.68 2.77 0. 48 1.17
Nyssa sylvatica .21 0.92 Q.16 =.99
Vaccinium corymbosum s.89 8. &8 1.49 1.01
Fyrus arbutifolia 2.32 &.44 1.10 1.91
Rhus radicans 0.21 0.92 O. 16 .29
Ilex glabra 0,67 2.7% 0.47 2.9
Gavlussacia baccata 2,22 7.22 1.24 T.14
Myrica pensylvanica 0,65 2.75 .47 ~.99
MEAN TOTAL T, 67 S .66 .97 6.7
Table 4. FLoILN.S. SUNKEN FOREST - SHRUER FPLOT FPOFULATION 198C

100 8@. METER FLOTS- DATA COLLECTED IN 1987

SFECIES BASAL AREA S.D. S.E. R.S.E.
(cmZ 100m-2)
Ilen opeca 1.03 4.50 ©0.77 .99
Szssafras albidum Z.8¢& 14,09 .42 .50
Amelanchier canadensis =0.80 I2.01 Z.49 1.06
Nyssa sylvatica 1.6% 7. 2B 1.27 .99
Yaccinium corymbosum ' 118.77 176,55 T0.28 1,07
Fyrus arbutifolia _ 12.94 41.9% 7.1%9 1.80
Rhus radicans =. 635 11.52 1.98 .99
Ilexw glabra S.58 24,22 4.17 2.99%9
Gavliussacia baccsata Z.92 8.7% 1.91 o007
MviFrice pensylwvanica 2.41 16. 50 1.840 2.59
MEAN TOTAL 47.91 &0, 09 10,71 .27

have died simce 1986 and have been replaced by emaller shrubs

recruited from the herb lavyer. 1€ rormel growth amd thinning CoIurs
over the next several years, the densi1ty of shrubs may decrease &5 T7

hzzal area of the shrub layer i1ncreases.

Ferhaps the most dramatic and significant change 1n the Sunier
Forest during the period 1967 - 1987 has been the reduction 1in
cover of the herb laver, especialiv

perernials such as Aralis nudicaulis, Smilacins stellate, Merefilslol

14



cenagense, Trientalis borealis. and Baultheris procumbens. #Ae noted
by frt (19€7), the main refugia of these herbaceous perennials 1%
uncer derse tangles of Smilax rotundifolis that provide protection

$rom deer grazing. In Chapter I of this report daete 1s presented
showing that §Qi;§{‘piays the identical role of protecting perennial
herbs in the vicinity of trails. Therefore, unless there is &

a substantial increase in perennial herbs.

While the total cover in the herb layer increased by about 1/C
from 1589 to 1987 (Table S, Figure S, Appendix RA) the populations of
most herbaceous perennials have continued to decline. Evern with the
comnstruction of deer exclosures around three of the 19 plots, the
populations of Aralia, Maianthemum, Smilacina, Trientslis. and Osounds

cinnamomea are approaching extripation in the permanent plots. The

guinguefglia, however, dramatically incressed 1n cover between 1986
and 1987. The met result was greater cover 1in the herb lavyer, but =&
reduction im scecies diversity becsuse of the declime 1n herbacecus
perennials.

The density of woody seedlings changed considerably betwsen 15E&

ard 1987 a2s well (Table &, Appendix A). Substantial increases 1N

population demsities of woody seedlings were concomitant with

0
]
4
0
ot
a8

increases in woody seedling cOver. Ilex cpaces had nearly &
increased by about TT0%. I+ is likely that these 1ncreases in
ceedling densities are the result of delayed germination of burried

ceede 1m the soil seed bant .



HRUB DENSITY (100 m2 plots)
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HERB COVER & LIANA DENSITY (100 m2 plots)

(3}

e1/041pUN0J
XeHuws

27
= o
O?"
= x
i881L
386l
eige)s ‘9883.
X3 s 11 1LGE L
e e o "]
iB8t
SISLUBPBUED 1986t
argousisi 5854
FEYITEITE T}
wouejewy My PN
2881
wnpiqe gad 9861
seij855€% - jsest
EERRRRE -3
88.
esedo 9861
FETH sgsl
4981¢
i884
e3gi8ls Sgel
guioBws §S861L
r——
"'"t'““).ij';;%n‘igs;
i281
synesipny g€l
BRHRNERN T |4961
i I I
T 17 1 1 [ T 1 [ |
O ®m O~ © Vg O~ O
—
1IAA0N 04



SHRUB BASAL AREA (100 m2 plots)

MEAN (x 10-1)
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100 SQ. METER FLOTS- DATA

[lex opaca

Sassafras albidum
Afmelanchier canadensis
Nyssa sylvatica
Vaccinium corymbosum
Finus rigida
Juniperus virginiana
Frumus serotina
Rhus copallina
Fyrus arbutifol
Baccharis halimifo
Rhododendrom viscoasum

Rhus radicanrs

Ilex glabra

Gavlussacia baccata
Viburnum dentatum
Fteridium aguilinum

Aralia nudicaul:is
Hypericum virginmicum
Maianthemum canadense
Myrica penmsylvanica
Osmunda cimnamomea
Farthemocissus guinguefolia
Fhragmities communis
Fluchea gurpurascens
Smilacima stellata
Sclidago sempervirens
Teucrium canadense
Trientalis boreslis
V&CCinium macrocarpon
Vitis labrusca

Smilax glauca

Smilax rotundifclia

Carex sp,.

Folygonum hydropiperoides
Erectities heracifolia
Scirpus americana

Rubus hispidus

Sphagnum spp.

Fhytolacca americana

Carer swanii

Ammophila breviligulata
Famnicum lanugincsum
Crataegus spp.

Spartina alterniflora

I. opaca 1 yr old

MEAN TOTAL

1986
COVER (%)

0,207
.38

0.40%9
0,150
0,017
0,001
OO0
0.817
o472
161
OO0
001
587
092
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0, 000
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O, 000
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F.l. SUNMEN FOREST - HERE FLOT FQOF

ULATION 198%

COLLECTED IN 1987
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Tabhlae 5, F.l. SUNVEN FOREST - HEARR FL
100 80, METER PLOTS- D&TA OO
SFECIES .
19386
DENSITY D
(M=)

Iles opsca

Sassatras albidum
Amelanchier canadensis
Nyssa sylvatica
Vaccinium corymbosum
JuUumiperus virginlang
Frunus serctine

Rhue copalline

Fyrus arbutifolia
Eaccharise halimifolia
Rhus read
Ilex

Gayvlussacia baccata
Viburnum dentatum

Mvricea pensylvanice
Farthenocissus guinguefolia

Vitis
Smila: glauc
Smilan r
Rubus
Crataegus spp.

1. opaca 1 vr old

o T P 1
MESN TOTAL 17
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O, 00
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0.03%
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.97

.17
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2. 28
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0. &4
G. 24
1.59
0. 42
I. 68
0. 0%

0.58

1.71
0. S0
0.8%
0.20
0., 0%
0O.01
0.29
0.08
.11
0.08
0.2

0,07
. &7
0.01
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Arcther mejor chanmge that was noted in the herb laver of the
100m2 plots was the survival of a small, bult probably significant,
number of Ile: opaca seedlings that were two years old (Table &). The
vast majority of hcily seedlings (96%) were from newly germineted
seeds, however the summer of 1987 marked the first time in two decades
that a substantial number (0.25 m-2) of greater than year-ocld holly
seedlings have been seen in the Sunken Forest. They undoubtedly owe
treir presence to the opening up of the canopy following Hurricane
Gilcria and the subsegquent enhancement of Folly germinetion duraing the
1984 growing Se&ason (Art, 1987). It is possible that the disturbances
aszsociated with Hurricane Gloria will eventually lead to incressed

regeneration of llex opacs

Ecosystem Study Flot (E.S.F.). The E.S.F., perhaps more thamn any

other area in the Sunken Forest, has been hard hit by the impacts of

-

hoth deer browsing and Hurricane Cior

~

a (Art, 1987:. However, there

bt

are clear signe of recovery from the hurricane disturbances sO evident

.,,
a
+
T
m
-
0
m
"
a8
q 1)
+
w
n
0
—
-

ected in the plot. Mean tree heights of

[E]
-
il

w

opace and Sassafras aibidum have returnec to pre-September. 158T0

evels and only Amelanchier canadensis stowed & decline betweesn 1986

ot

amnd 1987 (Figure &6, Table 7). Over all. the mean Ccanopy mei1ght
increzssed by 15 cm between 1984 and 1987,
The hasal ares of the E.S.F. was remarkably constant from 1586 tO

1987 (T&45 to I62T cml 100 m-2) with the gains in llex op and

iy

<

[0

Sazcafras toward pre-hurricane levels being balanced by mortality of

hurricane stressed amelanchier 1ndividuals that died during the

n
o
(1
Al
fan
o
1]

period (Figures - 9% 8). The death cf © chadbuer trees account

5
]

entire decline in toteal tree density between 1986 and 1987. A1l & of

1=



Figure 6.
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TREE BASAL AREA (e.s.p.)

Figure 7.
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TREE & SHRUB DENSITY (e.s.p.)
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Table 7. SUNKEN FOREST ECOSYSTEM STUDY FLOT 1987

TREES

193]
1
m
]
4
"y
n

Ilex opsca
Saessafras albidum
Amelanchier cansdensis

Bzasal Area
CmZ, 100m=-2

- g -
s'.'&g- e

830.91

bl e B K |
bl Le

Nyssa sylvatica 171.%90
FPrunus serotina T1.&7
Fhue radicans 4,40
Farthemnocissus guinguefolia .27
TOTAL T622.8E
SHRUERS
Ilex opaca 1.47
Segssafras albidum &.54
Amelanchier canadens 0.7Z
Vaccimium corvymbosum S5.62
Vipurnum dentatum 4.65
TOTAL 18.99
LIANGAS
Farthenocissus guinguefollia pal

2

. COVER

Ilex opsaca 0.75
Sazsafras allbidum .19
Lmelanchier canadgensis .17
Nyvesa sylvaticsa O, 03
Finuse rigide 0. 00
Frunus seroctina 1.25
Eaccharie halimifolia 0. 06
Fhus radicans 0. 06
FParthenocissus quinguefolia 1.5
Vitis labrusca Q.00
Smilax rotundifolia .87
Dryopteris spinulosa 0.56

TOTAL
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HERB LAYER COVER & SEEDLING DENSITY (e.s.p.)
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these trees

maes1ve crown damage caused by larger adjacent trees falling onto

them.

The overall

th

canopy that was di

areas times canopy damage of individual trees

imitial

about hea

extension of crowns adjacent to geaps caused by broben limbs

uprooted treess,

(Fiq

The shrub

si1tuation

imCcreases 1in shr

cdensities +fell to

however continues
disruptiorn of the

the 100 m2 lots,

cover and dermnsity

rotundifclis which has showed a sl:

cover increased.

E.S.F. than the

canopy,

& initial hurricane damage.

destruction of

1+ of that damage had been repaired,

layer
that dates from prior to the hurricarne.

b dermsity in

Surnken Forest as

however, is well omn its way

S

The expression of the percent of t

srupted by the hurricane, using the sum of

(Art, 1987) showed

Z8% of the carmcpy 1m the E.S.F. Ore vear lat

largely through growth
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G
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In 1987 hurrican disruption of the canocpv amounted

gure 7).

in the E.S.F. continues to be poorly developed

The slight

1986 were reversed by 1987, wher-

pre-hurricane levels (Figure 8. The herb laver.,

tc show & vigorous response to the hurricare

tree and shrub lavers (Ta Figure 9.
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woody tree seedlings gereral

between 1386 and 1987, with tre exception
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Armelanchier and Sassafras. These mortality features are most clearly
seen 1n those permanent plots with trees that were partially uprooted
in 1985 and in an obvibusly stressed condition during the 1986 growing
season. The losses in density of trees have in general been
compensated for by the increased diameter and crown growth of the
remaining trees, the basal area of the Sunken Forest being at least as
high as it was in 1986.

Apart from the E.3.F., the shrub layer appears to be responcirg
postively to the opening up of the tree canopy above. There is
vigorous recrulitment of young individuals into the shrub layers,
especially for species such as Vaccinium corymbosum and Gevlussac:ia
baccatsa.

The woody component of the herb layer is contirmuing to flourish

after the hurricane, with increased vigor of llex, Sassafras

borgslis heve unfortunately declined greatly over the past year. The

dominace of herbaceous perennial species in the herb layer plots res
declined from 12 species with 14.4% cover 1n 1967, to 12 species

-~y

with 2.78% cover in 19846, to 2 species with 2% cover i1in 1987.

o0
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Fores

[ -
orows

prudent management cf the Naticnal Seashore’s retur

ance o+ tme herb laver 1in gensral and hert

‘.

Urdountedly the mest significant biciogical event 1n the pas
e haes hmeern the i1ncrease 1n the population of eastern white-

from ~erc 1rn 1967 to over several hundred by 1986 (see Art,

. Field evidence collected in 1985 and 1986 stromgly suggests

the desr are directly resporsible for the drametic decline 2

CeuE

ifi

Y

zerenni s
cular inm the Sunken Forest over the past 20 vears. While th
mev have little i1mpact on most well estaclished. meture tres

undoubtedly are having an effect on the regereration of the

+

+ by differential browising of species in the herb and shrub

. It 1€ probable that the decline of shrub species suCh &S
B
177G .

Clearly deer are not the only bioclogiceal agent chamging the
ztiors 17 the Sunmben Forest and other perts of Fire Islanc.
1te heve long been present and grey squirrels were a&lso 1ntrco
the island since 19&7 (Art, 1987). It ie difficult to sedar
mpacts of deer from other Ferbivorss or sven the suligssilins
csec of canopy closure by simply examining permanent plocts 1

t.
or this reascon, 1n addition to need for Cetas relevant to the
al resourcecs.

deer evclosure experiment was iritiated 1n summer of 193c.
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Methods

In order to assess the 1mpacte of deer on as wide & diversity of

ant commurity types as possible. three sites. the Sunten Forest., the

lderness Area between Wetch Hill and Smith Foint. and the Lighthouse
ea west of KHismet, were used. These sites represent a& series of
ccescsional phases in the development of barrier 1eland vegestation

om open swals-dune scrub, to pirtch pine savannah., to holl.-

zzafras- ehadbush mari1time forest. Mari1time forest variation

ngimg from sites on the lee of the secondary dure to the margins of

1

rest swamp re also sampled.

r
mn
3
m

& total of 14 10x10m pleotes were used in thigs studyv: & were

lected 4rom the existing permanent plots in the western portion of

Fe Sunkern Forest, 4 newly constructed 100m2 plots each 1n the

mthouse and wilderness aress. In each of the locceticone. plote were

lected im matched peirs to represent similar compositicon. structure.

aoparent browsing intensity, and site conditions SO that one of the

1r could ser-ve as the experimerntal exclosed plot amd the other olot

tre control (Table 8). The desigraticn of erclosed or control

cstetus was made by random draw.

The imitial vegetational 1nvertories were conducted 1n early

August, 1986. The corners of each 10x10m plot was marked 1n the field

us

1rg 2.5° lengthe of iron bar which was peinted orange.

were numbered 1 to 4 in a counter clochriwise fashion from corner 1 10

the southeast cormer of the plot. The post i1n corner 1 was fitted

ol

th a yellow plastic cap with the plot number engraved.

[
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Flot SO
CWTJ

Flot 44
L1l

Flot 46
Lzl

Flot 48
TW13l

Flot -

o=
e o

brest height o4

by measuring basal diameters ard heightes of each

o+ 7

Deer Study Flot Characteristics

. G - e ——— T m—— o —

Flot =1 wilderness Area
fwg ] E
Flot &% Lighthouse
[L23 (100 m NE)
Flot &7 Lighthouse
[L47 (630 m E)
Flot 49 Wildermness Area
CW23
Flot 19 Sunken Feorest
Flet 20 Sunbken Forest
Flot 21 Sunken Forest

census of vegetation generally
The tree layer was inventoried

every woody stem,

" 1.0m high and determire the dersity of

Four of thess
100m2 plot amd =
layer were located by ramdom draw.
yellow plastic tent pegs placed in the SE corner of the plot.
row and column

plots are given

piots (1,2.2, %

additional plots

The

locations of herb plots

in Appendix C.

The entire shrub

(plote

T B S e o

YOung swele-dume scrub

Young swale scrub

Mature swale scrub

Fitch pine savanrah

Forest lee of the 2

Damp maritime forest

Mature maritime fcorect

followed the methode of Aart
by measuring diameters =zt
censused

layer was

individual . &~ total

lxlm herb plots were used to estimate the cover of a1l plante

woocy seedlings and liaras.

4) were located 1n the cormers o+ the

S.6.7) for sampling tre herb
herb plotes were marbed with

The

- 7 for each of the study

Immedi ately after the vegetation was samples 1m 1984, deer

exclosures were carefully constructed arcund eac-

experimental plot.

—

These exclosures were approximately 12

designeated

- -
Cx 1D metere



Providing & buffer of 1.5 meters a&round the POx10om piot inside. Tre
exclosures WEFe Constructes Using 8 pressure~treated 4y 4 Fosts that
were trimmed to g Pigh after they hag been S€t 1rmto the ground. an
8° high ferce WeE sttached to the posts HEimg galvanirecn stee] 4emc;ng

Y

with Trgw mesh, The bottom o+ the fence W&S gat S close to the

s

ground as Possible, byt &y g entry holec Were cut +p allow rabbitsg

stless to the exclosure, Locking doors were Cut inmto the fencinmg g

Each rlot was photagrapheﬂ from each of the 4 Cornere, Uusirg a
ZEmm camera wWith a Z5qm lens, The Orientatiecn of the Photograpr wee
ﬁiagomally SCross the plot, €.-G. Ffrom corner ! towarg Cormer T,with

~

the camera held at approximately 3.5 above the ground. The set of
phﬁtogfaphS from 19g7 s contaimed in Aprend;: D.

The Vegetation 1n potpm the €xclosures anmg the comtro; plote was
inventoried and photggraphed 8g&1ln in late July tpo €arly Auguet, 1
UEIng the same techriques wWith tre &dditicn trat &ll of tre shrutbe

were tagged USing oval aluminmum tags affiieq with plast:c 30:f—strz:5

and the crown diameteres Were meassured to the nesreest Centimeter .

Results 3, Discuss;aon

Full data from 198¢ and 1987 invertoriee of Eprimental ang
control plots are Corntainmed inm Appernd:i: C. Summary data for trees,
shribes amg herbs are ctontsaired in Tablee & - 16. The firct yE&ar
Chariges zre most €asi1ly geern 1p the summary Table 17 whi1ch SQgrecates
the datgs by varicue strata, comtrastzng plets 1p the Suriben Forest

with those o+f open swale Fabitats.



Table © FPI.N.S. DEER sTUDY - TREE DENSITY (100m-2)
‘SFECIES DENSITY g.p. S.E. R.c.E,

1986 DATA -CONTROLS

o

Ilew Opaca S.71 7.2 1.2% 0,27
Sassafras albidum 1.25 1.7¢ 0. 29 G.2T
Amelaﬁchzer Canadengice 6.14 10,14 1.7 0.8
Quercue velutinma 0.14 .= 0. 064 .45
Vaccinium Corymbosum .47 6.4 i1.10 0,45
Fimus rigida 0. 86 £.27 0.2% 0. 45
Juniperyus virginiana 0.14 0.z8 0. 04 0. 45
Rhus Copalling .14 0,.z8 0. 06 0. 45
FPyrus arbutifolig .14 0.8 0. 06 0,485
Bhododendron viscosun 1.00 2, 45 0.45 0, a=
TOTAL MEAN 18.00 2332 3.15 ¢.o=
1987 DATA - conTRoLs
llex opaca S.71 7.2 1.2% 0.2z
Sassafrac albidum 1.2 1.70 0. 29 0.2z
Amelanchi er Canadensis S.4z2 7.91 1.26 0.25
Buercus veluting 0.14 0.38 C. 06 Q.45
Vaccinmium Corymbosum 1.71 4,54 C.78 0.4%
Finus rigida 0. 86 2.27 0. Z5 G.as
Juniperus virginiana 1.29 .40 0.8 0. 45
Fruous Serotins U.14 £:.28 U.06 ©.42
MEAN TOoOTAL 15.57 17.580 200 0,18
1986 DATA - EXCLOSURES
Ilex opacs I.57 8.5 1.47 D.41
Sessafrac albidum 1.71 2.2 .40 0.74
Amelanch:er Canadensisg 7.00 12,12 2. 08 .z
Nvssea sylvatica 0. 86 1.86 G, T2 G.z7
Vaccinmium Corymbosum 2.00 .61 0.&7
Firus rigida .71 1.2¢ 0. 26
Juniperyus Virginiana 0,14 0.8 0.06
Friumus gerotinag C.4z 1,17 0.19 0. 45
Fyrus arbut:ifolia 0. 29 0,76 0,13 0. 45
Gcer rubrupm =:00 =.29 0:%1 0:38%
MEAN TOTAL 18.71 2Z.65 4. 06 0,27
1987 DATA - EXCLOSURES
Ilex Opaca .29 B8.24& 1.42 0,47
Sassafras albidum 1.87 1.99 0,74 0,22
Amelanch: er Canadensis 7.86& 12,17 2.28 0.9
Nyssa sylvatica .86 1.86 0,72 0.7
Vaccinium Corymbosum 1.8¢6 4.10 Q.70 0,28
Firus rigids .71 1.50 0.2 0,76
Juniperus virginiana O.14 0.I8 0,06 0,45
Frunus serotina Q.47 1.1Z 0.19 O.45
Fyrus arbutifolia .14 0,78 O, 04 0,25
fcer rubrum =00 .29 .91 0.4
MEAN TOTAL 18.85 23723 4,00 0.21



Table 10,

SFECIES

F.I.N.S. DEFR sTupy

1986 pDaTA - CONTROLS

e -3

1987 DATA - [
Iles: Cpaca

Ilex

-

Chaca

Quercue vel

Vac:xmzum -

véssafras albidum

Ameiamchzer Canedensg: g

utina
Orymbosum

Finus rigida
Juniperye Yirginianmg

Rhus cCopall
Fyrus a&rbut

ina
ifolia

Rhodcdendrom Yiscosum

Sassafras &
Amelanch:er
Duercus vel
Vaccimium [
Finus rigid
Jurniperue

- 31l

1bidum
Canadens; g
uting
Srymbosum

a

irginiana

1984 paTta ~EXCLOSURES

Ilex opaca
Sassafrac a
émelanchzer
Nyssa svlva
Vaccinmium c
Finus rigid
Juniperus
Friumus serg
Fyrus arbut

Bcer rubrum
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Canadens: g
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&

irginiana
tirma

ifolia

1987 DATe - EXCLOSURES

-

Ilex Opaca

Sassafrace albidum
Amelanchxer
Nyssa svlvatics
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Camadensig

Srymbosum

Finus rigidea
Juniperus Virginiana

Frunus serpo

tina

Fyrus arbutifolia
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Table 11, F.I.N.S. DEER ETUDY - SHRUE DENSITY Per 100mZ (,0ima)
SFECIES DENSITY S.D. S.E. R.S.E.
1786 DATA - CcONnTROLS
Ilex opaca Q.29 0.49 0. 08 0.29
Afmelanchi er Canadens: s C.5 1.81 C.26 0.4%
Vaccinium Corymbosum 19.14 44,16 7.57 . &0
Juniperus Yirginiana 1.86 4,10 0.70 0O.38
Frimus seroting 0. 14 0.z8 0. 06 0,45
Rhus Copallina 0,14 0.2 0.0& 0. 45
Fyrus arbutifolia 4.42 11.28 1.9z 0.44
Rhodeodendron viscosum 1.14 2,02 G, 82 0. 45
Ilex glabra 14,14 36,11 6.19 0.44
Myrica Be0sylvanica .14 .28 0.06 ©:.48
MEAN TOTAL 42.00 FE. 48 16,43 0O,.Z=9
1987 DaTA - gggzgggg
Iler ocpaca 0,14 Q.78 0.0 0,45
Amelanch: er Canadensi g G.E7 1,81 0,268 0.45
Veccimium Corymbosum 16.71 29,44 &.77 0,40
Juniperyus ViFrginiana 2.14 4.41 C.76 U. 25
Rhus Copallina C.14 0.28 0. 06 0.45
Fyrus arbutifolia .86 .77 1.68 C.47
Rhododendror viscosum 1.29 J. 480 0,885 0,45
Fhus redicans 0.4 0.79 D01z C.T1
Ilex glabra F.71 <4.40 4.19 0.4
Quercus Cotcinea 0,14 G.Z8 0. 06 0. 45
Myrice BE€Dsylvanice ©.29 0. 49 Q.08 .29
MEGN TOTAL 38.857 79.50 13,62 T0.TB
1986 DATA - ExXCLOSURES
Ilex ocpaca 0,14 0.Z8 0.0 C. 45
Amel arichier Canadenesi s Z.5 4.72 0. &1 0.71
Vaccinium corymbosum 17.2 7. 68 .78 0,27
Juniperus Yirginianma 0,2 D.7& 0.13 0. 45
Fyrus arbutifolias .00 4.7 O.81 .27
Rhus radicans 0.57 1.5 0.2 C.4a5
Ilex glabra C.47 1,13 G.19 C.4as
Myrica Pensylvanica C.71 1.89 0. I2 .45
Acer rubrum C.14 0,28 0. 04 C.a5
Lyohis mariana .14 ©.28 C.06 ©.45
MEAN TOTAL 22.29 39.z9 &.75 G.Z7
1987 DaTa - EXCLOSURES
Amelanchier Canadensisg 1.86 Z.18 0,85 c.2
Vaccinium Corymbosum 16.86 I7.z7 .41 0.8
Firmus rigida O.14 0.Z8 0,06 0,45
Juriperus virginiana 0.71 0,95 O.16& .2z
Rhus Copallina 0,14 0.Z8 O, 0& 0,45
Fyrus arbut:ifolia J.43 5.47 0.4 0.27
Rhododendron viscosum 0.47 1.17 .19 0,48
Rhus radicans 1.47 .36 C.E8 0,40
Ilex glabra G, 487 1.13 0.19 0. as
Myrica pensylvanica 0,71 1.89 0,2 0.4%
Lyonia mar:ana .29 .76 0. 12 Q.42
MEAN TOTAL 26.4% S.&s 7.8 0. 3o

rJ
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SFECIES

1986 DATA - CONTROLS

IHex opsca ~—°F
Amelanch: er Canadensisg
Vaccimium Corymbosum
Juniperus VIFgimi ana
Frunus serotina

Rhus Copallinma

Fyrus arbutifolia
Rheﬁ&dendreﬂ viscosum
Ilex glabra

UYCice pensylvanica

= s e 2 S

MEAN TOTaAL

Ilex opaca

Amel anchier Canadensisg
Vaccinmium Corvmbosum
Juriperus virginiana
Rhus Copallima

Fvrus aroutifoli s
Rhododendron viscosum
Rlus radicars

Ilex glabra

Quercus Coccinrnee
Myrics B&Osylvanics
MEAN TOTaL

1986 DATA - EXCLOSURES

Ilex opacea

Amel anchier Canadensis
Vaccinium Corymbosum
Juniperus virginiana
Fyrus arbutifolia

Rrlus redicans

Ilex glabra

Mvrica Pensylvanica
Afocer rubrum

ST e anSlS

—— e S ot e

Rmelanchier Canadensig
Vaccinium Ccorymbosum
Firmus rigida

Juniperus virginiana
Fhus Copallina

Fyrus arbutifolia
Rhododendron viscosum
Rhus radicanes

Ilex glabra

Table 17, F.I.N.S, DEER sTUDY - SHRUE BASAL
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Table 13 F.I.N.S. DEER STUDY - sSHRUE HEIGHT {meters)

SFECIES HEIGHT S.D. S.E. R.S.E,

1986 DATA - CONTROLS

Ilex opaca 1.8%8 2.2 [ 0,47
Amelanchier Canadensis 4.40 2.20 G.I8 “o.Za
Vaccinium corymbosum 1.41 0.0 .05 4.84
Juniperus Yirginiana 1.524 0.61 (U SV .88
Frunus serotina T.20 0,00 GO0 Q.00
Rhus copallinma 1.80 0. 00 0. 00 Q.00
Fvrus arbutifolia 1.51 1.12 .19 R
Rhododendron viscosum 4.49 1.5 Q.27 0. 49

Ilex glabra

b
o~
~0
3]
[
B

1)
LR}
o

Myrics BE€Tsylvanica i.20 0.00 Q.00 ©
MEAN TOTAL 1.65 1.62 0.28 o
1987 DATA - CONTROLS

Ilex opaca 1.90 O, 00 CL 00 0,00
Amelanch er Canadensis 4.15 =07 0. 36 .74
Vaccirmium carymbosum 1.4 0.2 0,05 b 06
Juniperus virginiana 1.31 G. 64 O.11 1.09
Rhus copallina G110 Q.00 0. 00 O, Q0
Fyrus arbutifolia 1.47 .11 .19 .49
Rhododerdron viscosum 4,20 1.41 0,24 0.5
Rhus radicans 1,20 1.10 0,19 0,47
Ilex glabra 1.44 0.2 0,08 2.I2
Duercus coccimea 1.70 Co GO 0,00 ey
fvrics pensvlvanics 1.08 1.29 €:.82 (.47
MEAN 1.56 1.53 0.2 Q.00

Ilev opace 1.7 Q.00 D, 00 DL

Amelarichier Canadensics 2.57 IR O, 07 1.07

Vaccinmium corvmbosum 1.66 .28 0,06 4,74

Juniperus Virginiana 1.8% 1.1¢ G129

Fyrus arbutifolia 2.44 i.22 0.21

Rhus radicars 1,15 C. S8 G, 0%

Iler glabrs <. 07 1.1% D.Z0

Myrica pensylvanica 1.14 G.S1 0,09

Acer rubeuom &.00 Q.00 0,00

LYCnis mariana .10 .00 2.00

ME &N 1.99 1.94 0,7

1987 DATA - EXCLOSURES

Amel anchier Canadersis .87 1.5 .28 0,39

Vaccinmium corymbosum 1.5 G.ZE CLGs S, 70

Finus rigida 1.40 Q.00 G000 Q0

Juniperus virginiana 1.24 1.10 0,19 Go70

Rhus copallina 1.00 0,00 O, 00 GO0

Fyrus arbutifolia 1.99 1.06 .18 =.1

Rhododerdrorn viscosum 4.00 2.71 Q.40 GL. 70

Rhus radicans 1.17 0. S0 0,09 [

Ilex glabra 2,20 1.27 0,22 QLT

Myrica persylvanica 1.16 0.E2 0,09 0.Z¢

LYonis mariara 1.05 .74 Yo 13 0.24
1.74 1.69 G. 29 0,01

ME RN

t)
By



Table 14, F.I.N.S. DEER STUDY - HERE LAYER DENSITY per meter

SPECIES DENEITY S.D. S.E. R.S.E.
1986 DATA - CONTROLS
Ilex opaca . 1.000 1.2628 0.2T37 0,22
Sessafras albigdum 1.24% 2.1487 0. 7685 O, IO
Amel anchi: er Canadensig 4.617 Z.987¢9 1.07469 G, oo
Vaccimium Corvmbosum C.871 l.449g 0.Z4gs G.44
Frunus serotina 0.980 1.5981 0.2743 0.z
Rhus Copallinma 0.184 0.24%% 0,.0418 0,07
Fyrus arbutifolia 0.776 1.1184 0.1918 0.2%5
Rhododendron viscosum 0.020 0.0%40 0. 00SzT 0.45
Rhus radicans 8.827 1I.31009 2.28zrs8 D.06
Ilex glabra 0.I27 G.56T7 0,0987 LT
Geylussacia baccata Q.479 0. 7848 0. 1Z49 0.7
Fosa carclima 1.47¢ 2.7118 0,465 0.7
Viburoum dentatum 0,041 0. 1080 0.018% 0,45
Myrica Fernsylvarnicsa Z.2B8 2.813¢4 C.487% 0.20
Farthehocissus quinguefolia 0. 449 0,344 0,059 0,17
Trientalis bBoreal:s 0,041 0. 1080 G,018% G.4a8
Smilay glauca 0,694 1.5917 0,270 0,79
Smilax rotundifolia 1.6%94 2.2012 0.794¢ G.2Z
Rubus hispidue 2,672 4.79%54 0,822 0. 71
Lyonia marianms 0,061 0. 1620 0.0278 0,458
Rubus allegheriensic 0.4%0 1.1747 0,201% G.41
Frumnus maritima 0.408 1.073¢ G.1852 .45
MEAN 2%.247 &6.4580 1.107s G, 04
1987 DATA -CONTROLS

Ilex opacs 1.6%4 <8306 0.4168 0.2%
Saszafras albidum 1.204 1.9827 0.Z400 0.8
Amelanchier Canadensis 4,657 &. 2654 1.0782 0,27
Vaccinium Corvmbosum C.816 2,097 G, TEST 0.4z
Juniperus virginmiana 0,041 0. 1080 0.0185 ¢,4s
Frunus serptine 1.102 1.6%%g 0.291% O, 2¢&
Rhus copallinma 0. 147 0.1844 0. 0716 0.22
Fyrus arbutifelia 0.%18 1.8878 0.2Z22 0.Z8
Fhododendron VY1sCcosum O.020 0.0540 0.0097 0,45
Rhus radicans 8.918 1%,z883 2.6791 C.T0
Ilex glabra 0. 408 0.7167 0,122 C.20
Gaylussacia baccata 0.788 0.75%91 0.1Z02 0.74
Rosa carolina 1.2724 2.4548 C.4210 0,24
Myrica pensylvanica 1.877 2.0277 0.74783 0,19
Farthenocissus quinguetolia 0,582 0.8288 0.1439 0.24
Vitis labrusca GO.020 0.0840 0. 0093 0.4%
Smilax glauca 0,041 0. 0697 C.0120 0.79
Emilax rotundifolia 2.5851 TO1BT0 0.2407 0,71
Rubus hispidue Z.67T 4.2171 0.7404 0.2
Rubus allegheniencis 0,449 0.897& 0,1529 O.7a
Frunus maritime D.490 1.2989 Q.20oro 0,45
MEAN TOTaL 0. 184 8.8120 1.5112 0.08

-y



able 14, F.I.N.S. DEER STUDY - HERE LAYER DENSITY per meter
Comtinued)

™~

SFECIES DENSITY S.D. S.E. R.S.E.
1986 DATA - EXCLOSURES

Ilex opaca 0,167 0.2738 0.0478 0.2
Cassafras albidum 0.347 0O.7847 Q. 1280 0,27
Amelanchier caradensis 2.&637 3.6718 0. 6297 .24
Nyssa sylvatica 0.4%9¢ 0.9719 0,16&7 C.Z4
Vaccinium corymbosum 0,020 0.0540 0.0097 C.45
Juniperus virginiana G, 020 0.0830 0. 0087 C.45
Prunus serotira 0.245 00,3784 0. 0644 0.26
Rhus copellina 0,041 00,1080 0.0185 0,45
Fyrus arbutifol:a 0. S8 0,775 Q0. 1748 0,27
Baccrar:s Falimifolia 0,061 G, 1620 O.0278 0. 45
Rhus radicans ?.122 10,9241 1.8782 0,21
Gaylussacia baccata O.T&7 0.627 0.1076 0.29
Rosa caroclina 0. 247 0. &794 G.1165 .74
Viburmum dentatum 0. 082 0.21&60 G.0ZI70 .45
Myricea persylvanmica 2. 16T 2.451% 00,4204 0.19
Parthenccissus gquinguefoclia 0,147 C.Z194 0. 0848 0.Z8
Smilax glauca 0,204 0.3I299 0, 0926 0,45
Smilax rotundifolia 1.204 2.1058 O.,I2611 0. Z0
Rubus hispidus 0,776 1.2747 0,.2289 0. 320
Rubus allegheriens:e 0,167 O.4720 0,074 0. 4%
Rosa rugosa Q. 020 0.0840 0. 009% 0. 45
Prumus maritima .288 0.8027 G, 1Z77 .76
MEAN TOTAL 19.881 ?.5727 1.6419 0, G8

1987 DATA - EXCLOSURES

Ilex opaca 0.&ZT 0.9507 0.1&£Z0 .26
Sassafras albidum C. 677 0.9784 0.1&78 0,25
Amel anchier carnagercsis 4.8164 7.111Z2 1.2196 0.2
Nyssa sylvaticsa 0.810 0.9824 0. 1685 S ——
Vaccimium corymbosum Q. 1673 0,208 0.0499 0,71
Juniperus virginiana 0. 020 CL0E48C C.00%Z 0,45
Frunus seroctirmas 0,657 0. 7908 €, 17548 0,21
Rhus copallinma O.081 0.1080 0.018% 0,45
Fyrus arbutifolia 0,449 D.5620 0.09&64 0.21
Rhus radicans &6.267 &.7627 1.1600 G, 18
Gaylussac:ia baccats 0,227 . 6101 0. 1046 0,70
Rosa caralina G.Z47 0.9179 O.187 0,45
Gaultheria procumbenrs 0,020 G, 0540 O, 0097 O, 45
Myrica persylvanica 1.3267 1.6860 0.28%1 .21
Farthenocissus guinqguefolia G, 490 0,5599 0.0926 0.19
Emilax glauca 0. Z06 0,5620 0.0%9&4 0.21
Smilax rotundifolia Z.288 4.0051 0. 6875 Q.20
Rubus hispidus 0,571 1.0178 0.1728 O.Z0
Rubus allegheniensis 0.210 1,349% 0.271% 0,45
Rosa rugosa 0.204 0.5I%% 0.0928 0.4%
Frumus maritima 0,147 0.71%4 0. 0848 0. 78
MEGN TOTAL 22,000 10,5621 1.8114 0,08



Teble 1S. F.I.N.S. DEER STUDY - HERE COVER (%)

SPECIES COVER S.D. S.E. FR.S.E,
19846 pATA - gggzgggg

Ilex opacsa 0.087 0.11%5 0.019 0.I%5
Sassafras albidum 0,477 0.74% 0.127 0,29
Amel archier Canadensis 0.382 0.379 0.065 0,17
Vaccimium corymbosum 4.7%96 11.771 2.018 0,47
Frunus serotina 0,273 0. 684 0.112 0.0
Rhus copallina 0.618 1.2132 J. 228 0.36
Fyrus arbutifolia 0.77& 1.074 0.184 .24
Rhododendron viscosum G002 0,008 0.000 G, 45
Rhue radicans 11.608 17.897 S.069 0,26
Ilex glabra O.18& G. 228 0.058 .21
Caylussacia baccata Z2.449 S.129 0.879 0.Zs
Rosa carolina 2.490 4,26 0.7Z21 0 0.29
Viburnum denmtsatum L0481 0,108 0.018 0,45
Fteridium aguilinum G, 020 0,084 C.009 .45
Myrica penmsylvarica 9.061 F.183 1.369 0,17
Fartherocissus guinguefolia 0,206 0,970 C.1859 0,32
Emilacirma stellata 0,022 .08 Q.310 0,45
Trientalis borealis 0,022 0,082 0.00% 0,41
Smilax glauca 0,027 C.0s8 0.009 0.37
Smilax rotuncdifolia 0. 067 0.078 0.012 0,20
Carex sp. C.0Z4 0,088 0.010 0,41
Vaccinium oxycoccus 0.290 0,698 0.119 0,71
Sclidago odora 0,002 0,008 0.000  0.4%
Rubus hispidus 6.929 12,280 2,106 0LZO
Andropogon virginmicus 0.614 1.625 Q.27 0.4%
Agrostis hyemalis C. 061 0. 162 0.027 0.48
Carex swamii G.Z10 1.74%2 0.271 0.4=
Juncus canadensis 0,020 0,054 0.009 (.45
Lyonia mariana 0,041 0.108 Q.018 0,45
Fanicum virgstum C.28& 0.678 G.109  0,Z8
Juncus gerardi 0,061 CG.112 0.01%9 0,z
Ammophila brevil ligulata 1.020 1.420 0,287 0.24
Famicum lanuginocsum 0.841 2.212 O.279 0.4%5
Sclidage tenuifolia 0.52E ©.84a7 G.145  0.27
Rume: acetosella ¢, 184 0.IZ7 0.087 0.21
Rubus allegheniersis Z.44% 6.170 1.088 0.4
Achellia millefolia 0.104 0.27% 0.047 0,45
Folygormella arctulata 0.027 0.070 0.012  0.45%
Cyperus rotumdus 0,124 0.72% 0.08&6 0.45
Leechia maritima O, 167 G.272 0.0&7 0.7
Eupatorium hyssopifolium Q. 020G 0.054 0,009 0, 4%
Spartina patens 0.271 0.B868 0.148 0.4%5
Frunus maritima Z.980 10,82 1.808 .45
Hudsonia tcocmentoss 0.427 1,122 0.1%94 0,458
MEAN ST.092 41,55 7127 0013
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Table 1S5. F.I.N.S. DEER STUDY - HEREB COVER (%)
{Comtinued]

SFECIES i COVER S.D. S.E. R.S.E.
1987 DATA -CONTROLS

Ilex opaca 0.086 ©. 120 0.022 0.26
Sassafras albidum 0,280 ©.486 G.0BZ 0.0
Amelanchier camadensis 0. 384 CG.2%92 C.067 0.18
Vaccinium corymbosum Z.641 9.&07 1.647 0,45
Juniperus virginiana Q.041 0.108 0.018 0.45
Frunus serctina C.&42 1.282 C.21%9 0.Z24
Rhus copellina 0,496 0,840 G.144 0,29
Fyrus arbutifolia 2.267 S.804 0,298 G.44
Rhododendron viscosum G 007D 0,00g CQ.000 0,48
Rhus radicans 12.271 <1.031 2.60&6 0,29
Ilex glabra 0,227 O, 480 0,082 0,I4
Gaylussacia baccata 1.571 . 087 0.329 06.24
Rosa carolinea 1.571 I.184 0,546 0.7%
Fteridium aguilinum 0.061 0,162 0,027 ©.4%
Myrica pensylvanica 6.887 7.057 1.210 0.18
Farthenocissus guinguefclia 0.598 C.&20 0,106 0.1
Smilacina stellata 0. 002 0,008 0.000 0.4
Trientalis borealis 0,122 G.324 0.08E 0.4%
Vaccinium macrocarpon Q0. 371 0.4638 0.10%9 .29
Vitis labrusca 0,002 L O0E 0.000 0,45
Smiriax glauca 0,004 0.007 0,001 ©.29
Emilax rotundifolia 0. 990 2.217 0.27% 0,78
Solidago cdora 0. 002 0,008 0,000 0,48
Rubus hispidus 74590 12.682 <.17%  0.29
Cyperus esculentus 0. 102 0.270 0.0486 0.4%
Andropogon virginicus 0,767 0.971 O.166 0.4%
Fgrostis hyemal:is 0,002 0. 00% 0,000 0,45
Carer swani 1,65 4,710 Q.77%  0.,4%
Farmicum virgetum 0,892 1.284 0,277 G.4a0
Juncus gerardi: 1.020 1.8699 0.291 0.Z%
Ammophile breviligulata ©0.514 0,658 G.112 0.22
Famicum lanuginosum 0.371 0.970 0.1&66 0.4
Solidago tenuifolia 0,616 1,010 0.172 0.8
FRumex acetosella 0,102 0.270 0.048&6 0,45
Rubus allegheniersis 2.000 4,270 0,725 0.2
Aochellia millefolis 0,147 G.I78 0.0&64 0O.45%5
Folygeonellae arctulata 0,027 0.0S8 0,008 0,77
Leechia maritima 0,247 0.4T1 0.077  0.71
Carex si1licea 0,020 0,054 0.00%9 0,45
Drosera rotundifclia 0.020 0.054 0.009 ©0.4%
Eupatorium hyssopifolium 0,041 0.108 0.018 0,45
Fanmnicum sp. 0,020 0.054 0.00%9 0.4%
Frunus maritima Z.612 9.55 1.629 0.4%
Hudsonia tomentosa 0.776 2.051 0,281 0.4%
Cledoria rangerifera O, 002 0. 005 G000 0,35
MEAN 52.221 42.584 7.207 0.14
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SFECIES

56 DATA —EXCLOSURES
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xlex opaca

Sassafras albidum
Amelanchier canadensis
Nyssa svyvlvatica
Vaccinium corymbosum
Juniperus virginiana
Frunus seroctina

Fhus copallina

Fyrus arbut:ifolia
Ezccharis halimifolia
Rrus radicans
Gavlussacia baccata
Rosa carolina

Viburnum derntatum
Hypericum vairginicum
Myrica pensylvanicea
Osmurmde cinmnamomea
Farthenocissus guinguefolia
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Smilax rotundifolia
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Vacoinium OxyCoooous
Rubue hispidus

Cyperus esculentus
Andropogon virglinicus
Carey swanii

Juncus canadcensis
vyOnla marlana

SMi1Ioum Vs?’\:‘::v.,um
thﬁchcs ora capitellata
Juncus gerardil
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Farmicum lanuginosum
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Rubues allegheniensis
Rosa rugosa
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Cyperus roctundus
Leechia maritima
Mentha™

Spartina patens
Farmicum sp.

Frunus maritima
Hudsoni s tomentosa
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Table 15. F.I.N.S. DEEFR STUDY - HERE COVER (%)
[(Comntinued]

SFECIES - COVER S.D. S.E. FR.S.E.

Ilex opacs Q. 022 0. 022 C.008  0.75
Sassafras albidum 0.478 0.722 0.124 0,26
amelanchier canedensis 0. 242 0.34% 0.0 0.24
Nyssa sylvatica 0,206 0,597 0.102 0.7=
Vaccinium corymbosum 1.127 2.9&7 0.309 0,45
Juniperus virginiana Q.308 1.079 0,18 0,45
Frunuse sesrotina . 084 0.127 0,021 0.26
Rhus copallina O, 102 0270 O.046 0,45
Fyrus arbutifolia Q.57 0,626 Go107  0.T0
Fhruse radicans 13,487 12,292 2.128  0.20
Gaylusssacia baccate Q0. 449 G.8Z74 0,147 0O.Z2
Rosa caroclinma 0. 227 ©.867 C. 148 0.4%5
Viburnum dentatum 0, T06 0,809 0. 1328 0,45
Fteridium aqguilinum O.041 0,108 0.018 0.4%
Caultheria procumbens O, 1072 Q.270 0,048 ©O,45
Hypericum virginicum 0,102 0.270 L0486 0,48
Myrica pensylvanica =.594 S5.499 47 0.17
Osmunda cinmnamomes G, 147 0.278 C.064 .45
Farthenocissus quinguefclia 0,592 0.788 0,122 ©.2T
Trientalie borealis 0,612 1.102 0,189 0,71
Smilax glauca 0.694 1.75 0.272 0.74
Smilan rotuncifoclia 1.88¢6 4,712 0.808 (.47
Carer sp. 0,002 O, 005 Q.000 0,45
Folygonum hydropipercides 1.6Z7 4,719 G.740 (.45
Vaccimnium oxycoccus 0.084 0.22 0.038 0.45%5
Scirpus americana G, 002 G, 0058 0,000 0,45
Sclidago odora 0,020 0,084 0,008 0,45
Rubus hispidus 1.041 1.7298 0,20 O.70
Cvperus esculertus ©.122 0.266 Q.04% 0.7
Sphagnum spp. 0,041 ©.108 ©.018 0,495
ANOropogon Virginicus Z. 247 4.058 0.69% C.TO
Agrostis hyemalis 0. 082 0.216 0037 0,45
Care:x swanmii 1.810 I.749 0.647 0. 47
Famicum virgatum 2.3247 6£.022 1.022 0.44
Rhynchospora capitellata 0, 408 1.079 0.18%  0.4%
Juricus gerardii 0. 490 0.708 ©0.121 ©.2%
Ammophila breviligulate 4.859 11.62%9 1.596 ©.41
Famnicum lanuginosum G.410 0.740 0.126 0,71
Solidago ternuifolia 1.571 1.916 Q. 221 0,21
Rume:: acetcsella G, 4829 0.947 0.162 .28
Fubus allegheniensis 2.34% 6.2048 1.064 0,495
Rocsa rugosa 0.082 0.216 0.0Z7 0.4%
Folygonella arctulatsa 0. 027 G.05T 0,009 0,7
Cvperus roturmdus 0,022 0,089 0,010  O.4%
Leechia maritimea 0. 187 0.269 0,046 0.2

Mertha O, G20 0,054 0.008 0,45
Eupatorium hyssopifolium 0. 041 0,108 0.018  ©.4t%

q
C



Spartina patens
Fanicum sp.

Frumus maritima
Hudson:a tomentosa

MEGN TOTAL

0.084
0,371
z.878
1.041

S0, 06T

0.22
1,402
9.248

2.782

I97.8%90

0,078
O, 240
1.&607
G472

&.841



Table 1é&. F.I.N.S. DEER STUDY - LIANA DENSITY (m-1)

SFECIES DENSITY s.D. S.E. R.S.E.
19846 DATA - CONTROLSE

Rhus radicans 0. 041 0. 1080 00,0188 0.4%
Farthenoccissus guinguefolia 0.122 0. 22480 0. 088 0. 4%
Smilax glauca 0.184 0.37% 0. 0&44 S
Smilax rotundifolia 0.%59 1.8772 O, 2708 0. 28

TOTAL MEAN 1.3¢6 1.781Z G, ZOEE G. 23

1987 DaTA — CONTROLS

Rhus radicans Q. 020 O, 0540 O, 00%T 1. 4g
Smilax glauce G.041 O, 1080 O, 0185 0,45
Smilax rotundifolia 0.85t 0.9419 0. 1615 0. 29
MEAN TOTAL 0.612 1.0489 0.1700 0,29
1986 DATA - EXCLOSURES
Rhus radicans Q.0Z20 O, 0840 Q. 0097 0,48
Farthernocissue guinguefclia 0.020 G. 0240 0. 0052 0,45
Smilan glauca 0.306 0.5972 O.1024 Q.25
Smilax rotuncifolia 1.288 2.7%979 0. 4798 .75
MEAN TOTAL 1.7Z285 Z.7724 0,718 O, 77
1987 DATA - EXCLOSURES
Smilan glaucs 0,102 0. 1890 O.0277 0.27
Smilan rotuncdifolia Q. 267 0., 6487 O.1112 G. 0
MEAN TOTAL 0. 469 0.7410 0.1271% 0,27

=4
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Teble 17

FIRE ISLAND DEER IMPACTS

TREES

DENSITY
FOREST
OPEN
MEAN

BASAL AREA
FOREST
OPEN
MEAN

SHRUBS

DENSITY
FOREST
OPEN
MEAN

BASAL AREA
FOREST
CPEN
MEAN

HEIGHT
FOREST
OPEN
MEAN

HERBS

DENSITY
FOREST
OPEN
MEAN

COVER
FOREST
Trientalis
OPEN

&8 & AE

CONTROL
(Deer)

1886

1987

18986

EXCLOSURES
(No Deer)

1987



A was erpected. there 1s re}atz;ely little evidence +or
differences 1n the Fhanges in the tree layer between the control and
the exclosure picté in a period as short as 12 momths(Tables S. 10,
177 . The reduction of tree density in the control plots 1n the Sunken
Forest are undoubtedly related to residual hurricane mortelity rather
than in impact of deer. All of the habitats and trestments showed

imcresses in basal area between 1986 and 1987, indicating net growth.

regardless of the presence or absence ot deesr browsing.

There were some unexpected changes inm the shrub layer cover the

!

2. 12 170 The cernsity

[

first secson of the experiment (Tables 1 k

of shrubs in the control plots amd those 1n the Surken Forest

decreased, while shrub density in exclosed plote in open habitsats
irmcreased. There were imcreases in the basal areas of all groups of
shrubs ercept for the exclosed plots in the Sunken Forest. Most

cetriking ie the decrease inm shrub height in all the plots except the

(8]

Forest controls. The decreases ir height do not appear to be simply

+ & < ; - - P P - L b o g o
ar artifact of the recruitment of yvounger, small shrubse +rom the herbo

T
T -

ayer since they are coupled with decreases 1n shrub density. Now ths

fo—

h

mdividual shrubs have been given ident:ficaticn rumbers, we will be

ot

able to follow the changes in height of i1ndividual stems to determine
the mature of these fluctions 1n height 1 they continue 1n the
future.

Frotogrephic evidence clearly indicates that the shrubs in en-
closed plots in the Forest are responding peositively to being free

from deer browsing pressures, Amelanchiers SEE25I08E
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As was expected the grestest changes in the first year of the
experiment were seen in the herbaceous layer (Tables 14, 15, 17, The
density of woody seedlings remainmed relatively comstant im the control
plots, both in the forest and in cpen haebiltats. In the forest
exclosures, mean seedling density nearly doubled $rom 14.2 to 25.9 m-2
in the first growing season., The seedling density im exclosed open
plots, however, had a slight decrease (27.6 to 19.1 m-2) which
accompanied their concomitant increese 1n herbacecus cover from &&6.0%
to 79.7%. The herbaceous cover in the forest exclosures increased by
about hal%, trom 7.1% to 10.&6%. The relative increase (Z&6T%) of
Trientalis boreslis an herbaceous perennial in forest exclosures was
impressive. It 1s probable that 1+ there had been residual populations
cf Aralia, Smilscina, and Maianthemum that they would have likewise
increased. Nom—exclosed, control plots, on the other hand e:ther
remained at the same level of cover or decre=zsed. Trientaslis had been

presert 1n forest control plots in 1986 but was not seen 1n 1987,

Conmclusion

While & simgle year is too short & time period for massive
dif44erences between control and exclosed plots to develop, there are
clear indicatiorms that the differences &re likely to be drametic 1n
the irtermediate future. While some of the changes. such as tree and
shrub mortality i1in the Sunken Forest plots, are probably residual

effecte of Hurricane Gloria, other changes, such as the flourishing of

.
-

n

the herb laver and ernhanced extension growth of woody plante 1n fore
e closures give & clear 1ndication that deer play & primary role 1m

limiting the growth of plants 1n the loweet ctrata in the Forest.



entrances, remcving the lateral bayside connector 1n favor of & more
interior route, and most recently (Summer, autumn 1987) removing most
=+ the bcar&walizngﬁsouth of the sast secondary dunme cut 1m favor of &
new leeward route which will keep pedestrian tratfic evern further away
from the windward face and crest of the seconcdary dune.

Thie study was undertaken in August, 1987. in order to determine

the impacte of the boardwalk and the residual relict trails that are

pericdically used by visitors whco wander cff the boardwalbks. The

"

=
old trails are also used by deer as they move through the forest.
Regardless of their use by deer or hRumans, the "dirt" trails represent
cites of chronic disturbance where light 1s more abundant, plant
competition 1s reduced. but the hazards of being trampled are

omnipresent.

The object of the study was to determine how the vegetation

varied with proximity to the boardwall and to the cld "dirt" tra:
clandestinely used by some visitors. Lfter a reconniasiance of the

~

Surben Forest boardwall with Naturalist/Ranger Eeth Fulsom, 1

h

recidual trails were selected for analysis (Figure 147 .

A 10m tramsect was then laid down the center of the trai1l s 1t
left the boardwalk and plots were l=1d out pupendiculer to the trai.
st 0. 2. 5. and 10m from the boardwalt (Figure 1). Where the trail

1
-
«

bent at an engle, the center lire cf trhe trail was used as the prim

I
n

aris for the distance from the boardwalt and the secondary & 135 W&

'™
[

bept &t right angles to the trail anm order to assess the var:is
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secondeary a<es. plots were laid ocut at the tra:il center line. &t (.9
and at 2.0 meters on erther side of the center lime. Where one of the
plots fell 1n & seéondary "dirt’ trail., the date collected 1n 1t weas
grouped with the plot at the center of the primary treil for araslysis
o+ variation of vegetation with trail distance.

A& total of 20 0.25m2 plots (0,.Sx0.Sm) were used for each resicdual
trai1l grid. The positicon of plots alomng the boardwalbk were marbed
with aluminum circular tags and the 2, S. and 10 meter secondary
transects were marked with plastic tent pegs or wooden stabes.

The cover of herbaceous vegetatiocn (1.0 m) and the density of

woody sesdlings was recorded for each plot i1in the resulting grid.

1]

fdditionally, the denmsity of various lianacs was recorded and the

—t

degree to which Smilax covered over the plot was given & ranmbing.

developed a "Smilax abundance" rating for each plot based on &

combination of Smilas: demisty amd draping by steme rooted ocutside the

plot:
Emilan Abundance Deresity {(m-2) oOr
Rating Amount of Draping
O O
1 1-8
= F-12
= 12-16
4 1& - loose tangle
S Maseive teangle

Irn the presentation of data in Appencix E and Figure 18. Smiler
l=la

shundance classes 7 and 4 have been combined tecause there were I ©

fewer cf the 240 plots 1rn each of those claeses.
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Figure 14
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Results anmd Discussion

Tabular date from this study is contained in Appencis E. The
impacts of the boerdwalk and treils. however 18 most clearly seern 1n
Figures 16, 17, and (8. In these figures the mean values for seedling
density or hert layer cover for &ll 240 plots are given ag grey bands
indicating the ranges of standard errcrs.

The data suggest that the boardwalb 1tself (other than providing

Py

t

a local enviromnment of increased illuminaticn) does not have much of
an advercse effect on the herbaceous layer (Figure 1&). Typically,
there is either equal seedling density adjeacent to the boardwallk and
10m distart, or, as in the case of Sacssafras decreasing seedling
dernsity with increasing distance. Herbaceous cover patterns showed no
stastically significant relationship relative to the boardwall,
although I have roted i1n parts of the Surnben Forest. where deer apresar
to avolid the bocardwalh, there are sections of boardwalh with haigh

herbsceous perennial cover (Art, 1987).

-
a
m

I}

ot
L
rt

r21ls emmineting from the boardwslb, howsver. heve 2a

distinctly different pattern. It 15 not really

),

surprising to find
that little grows in the middle of & trai1l. but the 1mpacts cf & traal
appear to be visible several meters distart from 1ts center (Figure

170, Eoth the totel seedling density &and herbaceous cover show a

sigrnificant pattermn of incressing value with 1mcreasing distance frofr
the trai1l center line. Most 1nmdividual species show the same trends
(Appendi: EJ. It 1s libely that 1f the secondary transects had Deen
e tended for more than T meters eilther si1de of the trz1l centsr line
that even higher dermsity and cover values would have been founc.

fe motec 1m Chapters 1| and 2 of tras report and 1n Art, 1787,

i
m
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Figure 17.
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Figure 18.
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tangles of Smilax represent important refugia for herb layer plants.
Undoubtedly the distribution patterns of lianas makes & contribution
to the dxstrzbutioﬁ‘patterns evident in Figure 17, in that generally
trailes avord high density of Smilar and 14 lianmas were growing 1n the
trail they would likely be killed by trampling.

The response of seedling dermsity and herbaceocus cover to

increasing smila: abundance sehow consistent, but different patterns.

Irn general woody seedlindg densities inmcrease with i1ncreasing Zmilas

-

from class O to 2 or I and then decresse as the Smilax abundarnce
increases further. A possible explaination of this pattern 1s that
browsing 18 reduced as Smilax density incresses through the lower
abundance classes, but then provides increased competition anc dense
shading with further increases in its abundance. This hypothesis 18
based on the‘balance between protection from herbivores on one hand
and the rmneed for relatively high light levels for seedling growth and
ectablishment.

The pettern evident for the more shade tclerant herbaceous
perenniale 1s different 1n that there appears to be little 1~ the wav
cf reduction of cover with increases in Smiler abundance (Figure 18).

1r fact the shape of the curves suggest that species such &as ~ralle

—t
<
Il
0

nudicaulise and Maianthemum canadercis respond expeonentiel

1ncreacsing density of Smilax.

Conclusions

While it is difficult to clearly separate the rcles of ceer &and

i
i

people in maintainming "dirt" traile 1n the Surmiern Forest, th:is

demoretrates that the trails do have & substartial negetive 1mpact onm

the vigor and diversity of the herbacecus laver. Thise 18 pé&r

-



true for sections of trail thst are free from abundant Smilap lianas
that provide the herb layer protection from both human feet and the
mowuthe of deer.

The boardwalk within the Sunken Forest., on the other hanc &ppears
toc mave little adverse effect on the vegetation. 1§ anything. it
plays & bereficial role of reducing erosion, chanmeling traffic on a

durable confined surface, ard where it is fitted with railings. hLEeEpRs

people from wandering across the landscape.

MANAGEMENT IMFLICATIONS

These studies suggest:

1. The Sunken Forest may have berefitted from the level of
disturbance gererated by Hurricane Gloria crossing the Ieland 1n
September, 1985, although 1t 1s toc early to kno@ 1¥ many of the
recently germinated seedlinge will become established as matur
individuals. Hurricane disturbarnces probably play & vital role 1in the
natural regeneration of maritime forests.

Z. Havimg only & single year s data from the deer enclosur
experiment 1t 18 toc early to measure great changes 1N the tree anc
cshrub layers on Fire lelard. The herb layer 1s more sersitive &and
doee clearly show that ever in & periocc &s short as 12 months,
significant 1ncreases imn the herb lavyer have resulted from the
1mcalized exclusion of deer.

it is inde=sd unfortunate that the populations of herbaceous

perernials 1n +me Sunken Forest are not more evenly distributed &nc

5 fj*

L

il

present 1m &ll of the deer study plots. 1+ they were. the respons

the herb layer to protection from deer browsing
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