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The impact of mast years on seedling recruitment following
canopy thinning and deer fencing in contrasting northeastern

U.S. coastal forests1

Marc D. Abrams2

307 Forest Resources Building, Department of Ecosystem Science and Management, Penn State University,
University Park, PA 16802

ABRAMS, M. D. (307 Forest Resources Building, Department of Ecosystem Science and Management,
Penn State University, University Park, PA 16802). The impact of mast years on seedling recruitment
following canopy thinning and deer fencing in contrasting northeastern U.S. coastal forests. J. Torrey Bot.
Soc. 140: 379–390. 2013.—This five-year study (2007–2011) investigated the impacts of canopy thinning, deer
fencing, acorn production, and deer density on tree seedling recruitment in contrasting Quercus-Carya
forests to explore the fate of mast and non-mast seedlings in different understory environments. It was
conducted at the Mashomack Preserve on Shelter Island near the eastern end of Long Island, NY where tree
regeneration in mature forests is very sparse due to extremely high deer (Odocoilus virginianus) populations.
Forest thinning increased seedling density (mainly Q. alba L., C. glabra (Mill.) Sweet, Acer rubrum L. and
Ostrya virginiana (Mill.) K. Koch) in both fenced and unfenced plots for the duration of the study. Fenced
plots had higher total seedling density and taller white Q. alba seedlings than the unfenced plots. Four
Quercus plus one Carya species had at least one mast year between 2007 and 2010 and generally during
different years with variable impacts on seedling establishment. Acorn/nut production for all species was
lowest in the fall of 2011 following nearly two years of drought. Quercus alba seedling density increased
dramatically following a 2007 mast year, but had no further increase after a 2010 mast year. Deer density
estimates ranged from 82–129 per km2 in 2007 to 2010, but dropped to 29 per km2 in 2011 associated with
very low mast production. There was 100% removal of 260 exposed Q. velutina Lam acorns placed in both
deer fenced and unfenced areas throughout the preserve, suggesting an important role of small mammals or
birds. The results of this study suggest that mast year, canopy thinning and deer fencing, either individually
or in concert, played a positive but variable role by increasing Quercus and Carya seedling establishment and
sustainability.
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The lack of Quercus regeneration is a major

issue facing forest managers in eastern North

America (Abrams 1992, Brose and van Lear

1998, Royse et al. 2010). The understory and

subcanopy of many forests are dominated by

shade tolerant or mesophytic trees that are

potential Quercus-replacement species (Lori-

mer 1984, Abrams 1998). There are many

causes for the lack of Quercus recruitment, but

the most influential appear to be the suppres-

sion of fire since the early to mid-twentieth

century, canopy closure in maturing forests,

an increase in vegetation competition and

intense deer browsing (Lorimer 1989, Abrams

1998, 2003). High deer populations often

result in few tree species present in the forest

understory (Horsley et al. 2003, Latham et al.

2005, Abrams and Johnson 2012). Moreover,

differential browsing of tree seedlings favored

by deer versus those species avoided by deer

may be an important causal factor inhibiting

Quercus recruitment (Kittredge and Ashton

1995, Ostfeld et al. 1996, Abrams 1998). Abun-

dant white-tailed deer (Odocoilus virginianus

Zimmermann) occurs throughout most of the

contiguous United States, with populations in

places exceeding 40–90 deer per km2 (Waller

and Alverson. 1997, Rooney 2001, Abrams

and Johnson 2012). Much of this increase

started in the early 20th century following the

regeneration of the cut-over forests, a decline

in deer predators, loss of habitat due to

urbanization and restrictive hunting laws

including protection of does (Marquis 1981,

Latham et al. 2005). High deer densities can

have direct and indirect negative impacts on
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plant and animal populations, including re-

ductions in plant species richness, plant density

and biomass, height growth, and the develop-

ment of vertical structure (Horsley et al. 2003,

Royo et al. 2010, Nuttle et al. 2013).

Acorn and nut production (mast) varies

from year to year in forests of the eastern U.S.

(Sork et al 1993, Healy et al. 1999). The timing

of mast production is often synchronized

among individuals of the same species in a

region and is referred to as a mast year

(Greenberg 2000). Mast years can impact

seedling recruitment, via predator satiation,

as well as impact the fecundity of animal

species that depend on mast as a food source

(Wolff 1996, Schnurr et al. 2004). However,

some studies report a weak relationship

between seed production and seedling estab-

lishment (Houle 1992). Despite the recognition

of mast years and their ecological importance

to the fields of ecology, forestry and wildlife,

there is a dearth of information about the

influence of mast production on seedling

establishment for the eastern U.S. where mast

trees dominate much of the forest biome

(Clark et al. 1998, Abrams and Johnson

2013). Quercus are favored browse species

(foliage and/or acorns) by deer, small mam-

mals and certain bird and insect species

(Abrams 2003); therefore mast year benefit

on seedling production may be mitigated by

high animal predation or destruction. More-

over, a high density of seedling produced after

a mast year in the understory of a closed

canopy forests may experience significant

mortality during subsequent years (Royse

et al. 2010, Abrams and Johnson 2013).

This five-year study investigated the impacts

of canopy thinning, deer exclosure, mast year

and deer density on the early stages of tree

regeneration in contrasting Quercus-Carya

forests. These treatments, coupled with varia-

tion in mast production and deer density on

seedling establishment, have not been studied

in concert in eastern Quercus forests. This

study was conducted at The Nature Conser-

vancy Mashomack Preserve on Shelter Island

near the eastern end of Long Island, NY

where Quercus and Carya regeneration in

mature forests is very sparse due to extremely

high deer populations and canopy closure

(Abrams and Hayes 2007). The specific

objectives are as follows: (1) Survey overstory

and understory vegetation before and after

forest thinning (of non-favored trees) in deer

fenced and unfenced plots. (2) Survey mast

production in the vegetation plots and report

on annual deer density on the preserve during

the five-year study period. (3) Survey acorn

removal from deer fenced and unfenced plots.

(4) Evaluate the study parameters individually

and in concert (as much as possible) to gain an

understanding of their impacts on seedling

establishment and retention.

STUDY AREA DESCRIPTION. The 810 ha

Mashomack Preserve is located on the coastal

plain of Shelter Island, NY (41.106 uN, 72.233 uW)

off the eastern end of Long Island (Fig. 1).

The interior forest forms the central core of

Mashomack and was not used extensively, if

at all, for agriculture (Abrams and Hayes

2008). However, the forest was logged and

burned several times since European settle-

ment starting in the early 1600s. Much of the

mature (100 to 120 year old) Quercus-Carya

forest on Mashomack is experiencing an

increase in shade tolerant, potential replace-

ment trees of a typical forest succession in the

eastern U.S. in the absence of periodic

understory burning (Abrams 1992). The main

species increasing on the preserve are Acer

rubrum and Fagus grandifolia Ehrh. For the

purpose of this study we chose two contrasting

mixed-species Quercus-Carya forests- one with

a high density of Acer rubrum (hereafter called

the Acer rubrum forest) and the other a high

density of Fagus (called the Fagus forest). The

study plots were located within a two ha area

in each forest.

The average annual high and low tempera-

ture on Shelter Island is 21 uC and 7 uC,

respectively. Average annual precipitation

totals 116.6 cm, which is evenly dispersed

throughout the year (monthly precipitation

averages range from 8.0 to 11.7 cm; (Warner et

al. 1975). The average elevation on the island

is 15 m above sea level. All of the soils found

on Shelter Island are typical of terminal

moraines, including Montauk, Riverhead,

and Plymouth sandy loams, as well as Carver

and Plymouth sands (Warner et al. 1975). In

general these soils series are well-drained to

excessively well-drained, have low natural

fertility, and moderately coarse to coarse

texture. The Fagus forest is located on the

Plymouth sand; the Acer rubrum forest is

located on both the Plymouth sand and the

Montauk fine sandy loam. In October and

November 2007, approximately 1200 trees,
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mostly A. rubrum and Cornus florida L., were

cut from the A. rubrum forest and approxi-

mately 500 trees, mostly A. rubrum, Cornus

and Fagus, were cut from the Fagus forest.

Most of the tree tops were left on site for

nutrient retention, but most of the trunks were

removed. The cut stumps were treated with

herbicide (1% Roundup Pro) to prevent

sprouting. In March of 2008, a 3 m tall fence

(posts and wire mesh) was constructed around

one half (1 ha chosen at random) of each study

area.

FIG. 1. Top panel: An aerial view of the Mashomack Preserve on Shelter Island, NY showing the
location of the Acer rubrum (AR) and Fagus grandifolia (FG) study areas. Bottom panel: An aerial view of
Long Island, NY showing the location of Shelter Island (A) at the eastern end.
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Methods. The overstory of the two study

areas was surveyed in 2007 (pre-thinning) and

2008 (post-thinning) in permanently marked

plots. A 400 m2 circular plot was randomly

located at six sampling points to inventory all

tree species . 2.5 cm dbh (diameter at breast

height). Species and diameter were recorded

for all trees. Tree saplings (. 1.4 m in height

and , 2.5 cm dbh) were counted by species in

each of the 400 m2 plots, whereas tree seedlings

, 1.4 m in height were counted within six

concentric 50 m2 circular plots (using the same

plot center as for trees and saplings). Shrub

cover was estimated into cover classes (0–5%,

5–25%, 25–50%, 50–75%, 75–95%, and 95–

100%) by species in the 50 m2 plots. The

understory was resurveyed in the same plots

from 2008–2011. In 2012, 75 randomly select-

ed Q. alba seedlings were measured for height

in each of the fenced and unfenced areas in the

Acer rubrum forest. Plant nomenclature fol-

lows Gleason and Cronquist (1991).

In terms of experimental design and statis-

tics this study was challenged by the fact that it

was conducted within relatively large blocks

(2 ha) in a natural forest with inherent point-

to-point variability. Rather than disguise this

fact, I chose to incorporate two forest stands

with highly contrasting overstory composition

to capture a range of treatment responses.

Two forest areas were canopy thinned in

which fenced and unfenced plots were located,

but they do not represent replicates in the

classical sense. Data collected in 2007 (n 5 12

plots) represent the pretreatment condition

(no thinning, no deer fencing), whereas data

collected between 2008 and 2011 from the

same plots represent the treatment responses

(canopy thinning with either fencing or no

fencing). The impact of canopy thinning in the

fenced and unfenced plots was evaluated

statistically by comparing the 2007 versus

2008–2011 individual plot data (used as

replicates) in each study area (both individu-

ally and together). Individual plot data were

also used to evaluate statistical differences

between the unfenced and unfenced plots

during 2008 and 2011. The treatment effects

(thinning and deer fencing) were statistically

evaluated using two-way, repeated measures

ANOVA, where the response variable 5

treatment + year + treatment 3 year interac-

tion at P , 0.05. A t-test was used to evaluate

seedling height differences (in 2012) between

the unfenced and unfenced plots.

Acorn and Carya nut production was

monitored annually from 2007 to 2011 at four

random locations beneath a cluster of Quercus

and Carya trees within the fenced and

unfenced areas of the two study forests. In

late October to early November of each year

(after seed fall) the number of Quercus acorns

and caps and Carya nuts were counted by

species in three 2 m2 permanently located plots

at the four locations (n 5 12 plots 24 m2 total

area) within each study forest. In a few cases

the number of acorn caps exceeded the

number of acorns counted (as result of animal

removal). In those instances the number of

caps was used for acorn density presented

here. For the purposes of this paper, a mast

year for a tree species is defined qualitatively

as years when an abundance of acorns or nuts

are produced. In general, this represented a .

five-fold increase in nut production compared

with non-mast years. One-way ANOVA was

used to evaluate year-to-year variation in total

and species mast production. In addition,

during the summer and fall of 2007, acorn

removal was monitored within the fenced and

unfenced areas of the field trial forest and in

seven additional mixed-Quercus understory

locations throughout the Mashomack Pre-

serve. During the second week of July 2007,

ten Q. velutina Lam. acorns were placed in

four to six random places in exposed shallow

plastic cup at ground level at each location. A

total of 60 acorns were placed in the fenced

study area and 200 acorns were placed in

unfenced areas. In November 2007, the

remaining acorns were counted.

Personnel at the Mashomack conducted an

annual spotlight survey of deer number (three

times each December) through the preserve

(cf. Larue et al. 2007). These counts yielded a

population estimate and population-trend

information for the study period of 2007–

2011. Palmer Drought Severity Index (PDSI)

data for Long Island, NY was downloaded

from the NCDC NOAA website (http://www.

ncdc.noaa.gov/cag/time-series/us). PDSI is cal-

culated for climate sections by NCDC, not

individual climate stations.

Results. In 2007, the overstory of the A.

rubrum forest was dominated by a high density

of A. rubrum, C. glabra, Cornus florida, and Q.

velutina (Table 1). Quercus alba trees had a

relatively low density, but the second highest

basal area behind Q. velutina. The cutting
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most of the A. rubrum and C. florida trees in

early 2008 reduced the total tree density from

845 to 309 stems ha-1 (a 63% decrease) and

basal area from 22.26 to 16.18 m2 ha21 (a 27%

decrease). This changed the dominance from

A. rubrum to C. glabra, Q. velutina and Q.

alba. In 2007, the Fagus forest tree density and

basal area was dominated by F. grandifolia, A.

rubrum, C. glabra and mixed-Quercus species

(Table 1). In 2008, thinning of mainly A.

rubrum, Cornus and Fagus reduced stand

density from 559 to 313 trees ha21 (a 44%

decline) and basal area from 27.07 to

20.29 m2 ha21 (a 23% decline). In addition,

Cornus, Sassafras albidum (Nutt.) Nees and

Betula lenta L. were removed from the forest.

Thinning resulted in a change in dominance

from Fagus to Carya, Fagus and mixed-

Quercus. It differed from the A. rubrum forest

by having a higher proportion of Fagus, Q.

rubra and Q. prinus and a higher stand basal

area, but a lower proportion of Carya, Q.

velutina and Q.alba (Table 1).

Tree seedlings in the A. rubrum forest were

very sparse in 2007 (prior to thinning and deer

fencing; Table 2). By 2008, there was a large

increase in seedling density in unfenced plots

and a more modest increase in the fenced

plots. This was mainly due to the increase in

Q. alba and A. rubrum. In 2009, the number of

Q. alba and A. rubrum seedlings increased

dramatically in the fenced plots, resulting in a

much higher total seedling density than in the

unfenced plots. In the unfenced plots in 2009,

A. rubrum increased by 11,666 seedlings ha21,

whereas Q. alba seedling density remained

stable relative to 2008. Carya, Fagus and S.

albidum had modest increases in seedling

density by 2009 in both treatments. In 2010,

Q. alba and A. rubrum increased in the fenced

plots, but declined in the unfenced plots. In

2010 and 2011, over 50,000 additional seed-

lings ha21 were recorded in the fenced versus

unfenced plots, mainly due to the increased

number of Q. alba and A. rubrum. In 2011, Q.

alba seedling density exceeded the pre-thinning

(2007) level by 9000 and 51,000 seedling ha21

in the unfenced and fenced plots, respectively.

Other mast trees species, including Fagus, had

modest increases in seedling density. Sapling

density was sparse, including 67 A. rubrum

sapling/ha in fenced plots in 2011 (Table 2).

The ANOVA results indicate that the thinning

effect (2007 versus 2008–2011) was significant

for total seedling density (P , 0.05), red maple

seedling density (P , 0.04), and beech seedling

density (P , 0.02). The fencing effect (2008–

2011) was significant for total seedling density

(P , 0.04) and Q. alba and F. grandifolia

seedling density (P , 0.02). There was no

significant interaction between fencing and

thinning effects in the A. rubrum forest.

In 2007, total seedling density was very low

in the Fagus forest (Table 3). By 2009, the

number of species and density of tree seedlings

increased in the all plots. The largest increases

occurred for Ostrya virginiana Mill. K. Koch,

A. rubrum, C. glabra and Q. alba in the fenced

plots. The increase in seedling density in the

unfenced plots was led by A. rubrum, Fagus,

Sassafras and Q. alba. In 2010, seedling

density in the fenced plots increased to

78,000 stems ha21 due to gains in O. virginiana,

A. rubrum and Carya. The unfenced plots

Table 1. Tree density and dominance (basal area) for all species recorded in the Acer rubrum and Fagus
study sites at the Mashomack Preserve in July 2007 (pre-thinning) and 2008 (post-thinning).

Acer rubrum 2007 Acer rubrum 2008 Fagus 2007 Fagus 2008

Species
Density

(stems ha21)
Dominance
(m2 ha21)

Density
(stems ha21)

Dominance
(m2 ha21)

Density
(stems ha21)

Dominance
(m2 ha21)

Density
(stems ha21)

Dominance
(m2 ha21)

Quercus alba 33 4.11 38 4.64 13 1.15 13 1.21
Quercus montana 8 0.80 8 0.82 38 2.70 29 2.17
Quercus rubra 13 1.32 13 1.34 38 3.54 50 5.87
Quercus velutina 70 6.35 67 6.35 13 1.23 4 0.10
Carya glabra 179 2.59 150 2.68 100 3.90 92 3.90
Acer rubrum 442 6.64 4 0.19 108 6.21 25 1.75
Fagus grandifolia 158 6.94 75 4.73
Cornus florida 100 0.45 29 0.15 54 0.24
Ostrya virginiana 29 0.60 25 0.56
Sassafras albidum 4 0.36
Betula lenta 4 0.19

Total 845 22.26 309 16.18 559 27.07 313 20.29
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added another 6666 seedlings ha21 in 2010

mostly due to increases in Carya, A. rubrum

and Q. velutina. In 2011, seedling density in the

fenced plots declined by 5270 stems/ha due

to declines in O. virginiana and A. rubrum.

Seedling density remained stable in the un-

fenced plots between 2010 and 2011. The

dominant species in the seedling layer in 2011

were O. virginiana, A. rubrum and C. glabra in

the fenced plots and Fagus, A. rubrum, Carya

and Q. velutina in the unfenced plots. Few

saplings of any species occurred in the plots

for the duration of the study (Table 3). The

ANOVA results indicate that the thinning

effect was significant for total seedling density

(P , 0.0001), and seedling density for A.

rubrum (P , 0.02) and Carya (P , 0.006),

whereas the fencing effect was significant for

total seedling density (P , 0.0001), A. rubrum

(P , 0.02), Carya (P , 0.006), and Fagus (P ,

0.003). The interaction between thinning and

fencing was significant (P , 0.003) in this

forest.

Total seedling density in 2011 was moder-

ately, but significantly (P , 0.05), higher in

the A. rubrum versus Fagus forests for both the

fenced (82,866 and 72,727 seedlings ha21,

respectively) and unfenced plots (31,996 and

23,265 seedlings ha21, respectively; Table 2

and 3). However, seedling composition varied

between the forests with the A. rubrum forest

having a much higher density of Q. alba and

moderately higher A. rubrum seedlings, where-

as the Fagus forest had a greater density of

Ostrya, Carya, Fagus and Sassafras. Some,

but not all, of these seedling differences were

consistent with overstory variation between

the two stands (Table 1). In 2012, the average

height (6 standard error) of 75 Q. alba

seedlings in fenced and unfenced A. rubrum

forest was 17.88 6 0.69 cm and 8.13 6 0.23 cm,

respectively, and were significantly different

(P , 0.001). The majority of the unfenced

Quercus seedlings had evidence of recent deer

browsing (cut and torn twigs). When plot data

were combined (n 5 12) for both the A.

rubrum and Fagus forests both thinning and

fencing had a significant impact on total

seedling density (P , 0.0001 and 0.0002,

respectively).

In 2007, shrub cover in the Acer rubrum

forest averaged 20.8% in the fenced plots and

14.2% in the unfenced plots. The main shrub

species were Gaylussacia and Vaccinium. In

2011, shrub cover averaged 54.2% and 50.8%

T
a
b

le
2
.

T
o

ta
l

a
n

d
sp

ec
ie

s
se

ed
li

n
g

d
en

si
ty

(p
er

h
a
)

re
co

rd
ed

in
th

e
A

ce
r

ru
b
ru

m
fo

re
st

st
u

d
y

si
te

s
a
t

th
e

M
a
sh

o
m

a
ck

P
re

se
rv

e
in

Ju
ly

2
0
0
7

(p
re

-t
h

in
n

in
g
)

a
n

d
2
0
0
8
–

2
0
1
1

(p
o

st
-t

h
in

n
in

g
).

2
0
0
7

2
0
0
8

2
0
0
9

2
0
1
0

2
0
1
1

S
p

ec
ie

s
F

U
F

F
U

F
F

U
F

F
U

F
F

U
F

A
c
er

ru
b
ru

m
2
6
7

4
0
0

3
4
4
2

1
7
0
0
0

2
0
3
3
3

2
8
6
6
6

2
6
6
6
6

1
5
0
0
0

2
6
9
3
3

1
9
3
3
0

C
a
ry

a
g
la

b
ra

1
3
3

1
3
3

8
0
0

4
6
7

1
0
0
0

1
0
0
0

1
0
0
0

1
6
6
7

2
0
0
0

1
6
6
7

Q
u
er

cu
s

a
lb

a
2
6
7

1
3
3

2
2
0
0

1
3
8
0
0

5
0
6
6
6

1
3
3
3
3

5
1
6
6
7

1
1
3
3
3

5
1
3
3
2

9
3
3
2

Q
u
er

cu
s

v
el

u
ti

n
a

-
-

-
-

3
3
3

1
0
0
0

1
0
0
0

3
3
3

6
6
7

-
Q

u
er

cu
s

m
o
n
ta

n
a

-
-

-
-

3
3
3

-
-

-
-

-
F

a
g
u
s

g
ra

n
d
if

o
li

a
1
3
3

2
6
7

1
4
9

2
0
0

1
0
0
0

1
0
0
0

1
8
0
0

3
3
3

1
1
3
3

1
0
0
0

P
ru

n
u
s

se
ro

ti
n
a

-
-

-
6
7

3
3
3

2
0
0

3
3
3

-
-

-
S

a
ss

a
fr

a
s

a
lb

id
u
m

-
-

-
2
0
0

1
3
3
3

1
0
0
0

7
3
4

6
6
7

7
3
4

-
A

m
e
la

n
c
h
ie

r
la

e
vi

s
-

-
-

-
-

-
3
3
3

-
6
7

-
O

st
ry

a
v
ir

g
in

ia
n
a

-
-

-
-

-
-

-
-

-
6
6
7

T
o

ta
l

8
0
0

9
3
3

6
5
9
1

3
1
7
3
4

7
5
3
3
1

4
6
1
9
9

8
3
5
3
3

2
9
3
3
3

8
2
8
6
6

3
1
9
9
6

S
a
p

li
n

g
d

en
si

ty
(#

h
a

-1
)

0
0

0
0

0
0

5
0

(A
r)

0
6
7

(A
r)

8
(F

g
)

8
(C

g
)

384 JOURNAL OF THE TORREY BOTANICAL SOCIETY [VOL. 140



in the fenced and unfenced plots, respectively,

and was dominated by the same two species.

This temporal increase is significant (P ,

0.001). In the Fagus forest in 2007, shrub cover

averaged 10% in both the fenced and unfenced

plots and was mainly Vaccinium. In 2011,

mean shrub cover increased to 31.5% in the

fenced plots (P , 0.001), but remained stable

(13.5%) in the unfenced plots (mainly Gaylus-

sacia and Vaccinium) in all plots.

In the Acer rubrum forest, mast years for Q.

alba occurred in 2007 and 2010 in the fenced

plots and for Q. velutina in 2009 in the

unfenced plots (Fig. 2). Carya nuts and Q.

montana acorns were most abundant in 2008

and 2010, respectively. Mast production was

lowest for all species in 2011. Quercus alba

seedling density increased dramatically in 2008

following the 2007 mast year (Table 2, Fig. 3).

However, the Q. alba mast year in 2010 did

not increase seedling density in 2011, despite it

being larger than the 2007 mast year. The mast

year for Q. velutina, Q. montana and Carya

resulted in almost no change in their seedling

density the following year. In the Fagus forest,

a mast year for Carya glabra occurred in 2008,

as it did in the A. rubrum forest (Figure 2).

In 2009, Q. rubra L. had a mast year with

the largest annual acorn production of any

species, while Q. velutina had a more moderate

increase in total mast production. Quercus

montana had a mast year in 2010, as it did in

the A. rubrum forest. Mast production was

lowest for all species in 2011, as in the A.

rubrum forest. Year-to-year variation in mast

production was significant for total mast

production (all species; P , 0.008), Q. alba

(P , 0.03), Q. montana (P , 0.01) and Carya

(P , 0.01).

The 2008 mast year for Carya was associ-

ated with a 143% increase in seedling density

in 2009 in the fenced plots in the Fagus forest

(Table 2). However, Carya seedlings increased

in all plots in 2008 (following thinning) and

again in 2010, despite a lack of mast produc-

tion in 2007 and 2009. A moderate mast year

for Q. velutina in 2009 resulted in a large

increase in its seedlings in the unfenced plots.

The mast years for Q. rubra in 2009 and Q.

montana in 2010 had no apparent effect on

their seedling density. Quercus alba seedlings

increased in the fenced and unfenced plots

despite the lack of a mast year in the Fagus

forest. Quercus alba and Q. velutina mast

production was lower in the Fagus forest

compared with the A. rubrum forest likely

due to their lower tree density. Quercus rubra

mast production was higher in the Fagus forest

due its increased overstory density compared

with the A. rubrum forest.

Deer density estimates ranged from 82–129

per km2 in 2007 to 2010, but dropped to 29 per

km2 in 2011. This decline was associated with

very low mast production in 2011 and was

probably a result in deer moving out of the

preserve to find alternate food sources (e.g.,

residential yards, gardens and agricultural

fields) rather than significant deer mortality

(Carlock et al. 1993, Michael Laspia personal

communication). In 2007, there was 100%

removal of 260 exposed Q. velutina acorns in

both the deer fenced and unfenced areas on

Table 3. Total and species seedling density (per ha) recorded in the Fagus forest study sites at the
Mashomack Preserve in July 2007 (pre-thinning) and 2008–2011 (post-thinning).

2007 2008 2009 2010 2011

Species F UF F UF F UF F UF F UF

Acer rubrum - 67 333 333 15333 4667 18000 7333 16400 5333
Fagus grandifolia 37 24 1467 1467 333 4667 1333 4333 2200 6600
Carya glabra - - - - 5667 - 10333 3333 9332 3666
Quercus alba - - - - 3333 2333 4333 1667 3333 -
Quercus velutina - - 133 - 667 333 333 2333 333 300
Quercus rubra - - 400 857 - - - - - 333
Quercus montana - - - - - - - - 333 1000
Ostrya virginiana 21 - - - 33000 333 38333 667 35463 2000
Prunus serotina - - - - 1000 333 1000 333 800 1000
Sassafras albidum - - - - 1000 3667 4333 2000 4533 1333
Cornus florida - - - - - - - - 67 -

Total 58 91 2333 2657 60333 16333 77998 22999 72727 23265
Sapling density (# ha-1) 4 (Os) 0 0 0 0 0 17 (Sa) 0 25 (Sa)

17 (Ar)
0
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FIG. 2. The total number of acorns/nuts recorded each year in plots totaling 12 m2 in area under Quercus
and Carya trees in the Acer rubrum forest (top panel) and Fagus forest (bottom panel) at the Mashomack
Preserve, southeastern NY.
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Mashomack. Monthly Palmer Drought Sever-

ity Index for Long Island, NY indicated a

mildly dry spring and a mildly wet summer

and fall in 2007. In 2008 and 2009, PDSI

values were in the range for very moist to

extremely moist. In 2010–2012, PDSI values

were predominately in the mild to moderate

drought range, although the fall and winter of

2011–2012 was moderately moist. Very low

mast production in the fall of 2011 followed

nearly two years of drought.

Discussion. Forest thinning and deer fencing

resulted in a large increase in seedling density

for both mast and non-mast tree species in

the A. rubrum and Fagus study areas (Fig. 3).

In addition, mast years resulted in variable

increases (from large to small) in seedling

density the fenced and unfenced plots. How-

ever, mast seedlings also increase following

some non-mast years. The fenced plots in both

forest types had higher total seedling density

than the unfenced plots due to increases in

Ostrya, A. rubrum, Carya and Q. alba. Ostrya

and A. rubrum are not considered preferred

browse species, while Carya and Q. alba have

moderate to high deer preference (Burns and

Honkala 1990, Kittredge and Ashton 1995).

Nevertheless, the unfenced plots had signifi-

cantly higher seedling density after forest

thinning. Prior to thinning there was a scarcity

of tree seedlings suggesting that when deer

density is extremely high, as it is at the

Mashomack Preserve, nearly all species will

be browsed. Extremely high deer density was

also reported for Valley Forge Pennsylvania

with a similar negative impact on understory

vegetation (Abrams and Johnson 2012).

Deer fencing coupled with canopy thinning

resulted in higher seedling density and taller

Quercus seedlings in the fenced versus un-

fenced plots, as reported in other studies

FIG. 3. From top left to bottom right: the Acer rubrum forest study area in March 2007 prior to
thinning; the Acer rubrum study area in 2008 after canopy thinning; the deer exclosure fence was erected in
2008; a high density patch of white Quercus seedlings in the fenced area of the Acer rubrum forest in 2008
produced following the 2007 mast year.
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(Collins and Carson 2003, Brose 2011, Long et

al. 2012). Deer exclusion had no significant

impact on total shrub cover in the A. rubrum

forest, but reduced shrub cover in the un-

fenced Fagus forest plots. A long-term study

in Pennsylvania reported that shrub cover

and seedling density in Quercus forests was

reduced by . 90% due to deer browsing

(Abrams and Johnson 2012). The unfenced

plots in both forests had much higher seedling

density, including Quercus and Carya, follow-

ing thinning in late 2007. While forest cutting

often promotes seedling establishment, it may

also promote deer use and browsing due to the

increase in vegetation biomass (Krefting and

Phillips 1970, Hughes and Fahey 1991, La-

tham et al. 2005). This may negatively impact

tree seeding development. Both mast and non-

mast species and deer preferred and non-

preferred tree species had increased seedling

density following forest thinning in this study

in both fenced and unfenced areas, despite

evidence of deer browsing observed in the

unfenced plots.

There exists a relatively large body of

literature on acorn production during mast

years, but a surprising lack of information on

its impact on seedling establishment for the

eastern U.S. A study of mature Quercus forests

in east-central New York reported an average

increase of 19,000 Q. rubra seedlings per ha

following a mast year, with larger increases on

burned versus unburned sites (Abrams and

Johnson 2013). However, that study also

noted a 45% drop in Q. rubra seedling density

one year later, suggesting the ephemeral

nature of mast seedlings under a closed forest

canopy. This loss of Quercus seedlings did not

occur in the present study where they contin-

ued to increase the second year after mast year

in the fenced sites and maintained their density

in unfenced plots. This may be due to the

impact of forest thinning. The mast years for

Q. velutina, Q. prinus and Carya in 2008–2010

increased seedling recruitment only slightly,

while the mast year for Q. alba in 2010 did not

further increase seedling density (after a huge

increase following the 2007 mast year). Carya

glabra had a mast year in 2008 in both forests

followed by a large increase in seedling density

in the Fagus forest, but only a slight increase

in the A. rubrum forest. The 2010 and 2011

drought may explain the very low mast

production for all four study species in 2011.

Summer droughts are thought to have a

negative impact on the following year mast

production (Sork et al. 1993, Lusk et al. 2007).

Large and small mammals and birds are

known to consume or cache large quantities of

acorns/nuts in eastern forests (Downs and

McQuilkin 1944, Ostfeld et al. 1996, Haas and

Heske 2005). In addition, a variety of insects

can destroy a significant percentage of nuts.

These organisms may also be responsible for

the lack of seedling recruitment following

some mast years in this study. Moreover, the

lag between mast year and peak seedling

establishment that occurred at times in this

study may be related to temporal variation in

acorn predation, destruction and removal.

Mast eating rodent populations may dramat-

ically increase the year after a mast year in

eastern forests, but then drop precipitously

during the next non-mast year (Ostfeld et al.

1996). This may give an opportunity for

successful seedling establishment during non-

mast years, as suggested by the results of this

and other studies (Tryon and Carvell 1962).

During the summer of 2007, groups of Q.

velutina acorns placed on the forest floor in

fenced and unfenced plots were fully removed.

Downs and McQuilkin (1944) reported almost

total acorn loss from predation, except during

heavy mast years, especially in stands with

dense deer populations. Even when deer are

excluded, squirrels and mice may consume or

remove all surface acorns (Haas and Heske

2005).

The results of this study suggest that a large

increase in tree seedling establishment oc-

curred after canopy thinning and protection

from deer, and was further facilitated by mast

years for Quercus and Carya (Fig. 3). Even in

unfenced plots, both mast and non-mast tree

seedling density increased following forest

thinning. The year of lowest mast production

was associated with drought and a large

decline in deer population at the Preserve.

However, these factors and treatments did not

consistently increase seedlings for all Quercus

and Carya species. This may be due to having

their mast year occur later in the study, in-

creased understory vegetation cover, drought,

or increased mammal predation of seeds and

seedlings. Thus, the relationship between

mast year, deer browsing, forest thinning and

seedling recruitment is highly complex, and

may be species, location and time dependent.

Nevertheless, the results of this study suggest

that canopy thinning coupled with deer
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fencing may be important management tools

for promoting mast and non-mast tree regen-

eration in eastern U.S. forests.
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