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ON THE COVER 
The herbivore-impacted holly forest understory of the Sunken Forest, a maritime forest fragment on Fire Island National 
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INTRODUCTION 
 

The maritime holly forest is a unique assemblage of species dominated by the broadleaf 
evergreen, Ilex opaca (American holly). Due to the highly restricted occurrence of this forest 
community to only two locations on barrier islands in New York and New Jersey, it has been 
classified as a critically imperiled community (global conservation status rank of G1; 
NatureServe 2004) because of extreme rarity or very few remaining acres. The only two 
examples known of the maritime holly forest include: the Sunken Forest (SF; 16 ha) occurring 
on Fire Island National Seashore, a barrier island protecting Long Island, NY; and the Sandy 
Hook (SH) holly forest (30 ha) occurring on a barrier spit on the NJ shore that is a unit of 
Gateway National Recreation Area (GNRA). This project was born from the uncertainty 
surrounding key conservation issues, and in 2004 was listed as the primary research priority for 
Fire Island National Seashore due to the uniqueness of the SF among maritime forests of the 
Atlantic coast, its prominence in the park’s enabling legislation and Resource Stewardship Plan, 
and its interpretive value to the visiting public.  An important objective of the research was to 
assist the park in developing reasonable conservation goals for sustaining the essential 
characteristics of the SF. 

  
The I. opaca at the SF are older, and appear stunted and gnarled while those at SH are 

larger in diameter and height (Stalter 1979). Earlier studies of both locations indicate that the 
holly forest at FIIS is in an old-growth condition, while that at GNRA is an example of a mature 
stage of development (Art 1976, Stalter 1979). Based upon monitoring of permanent plots 
established just after Fire Island National Seashore was established, Art (H. W. Art, unpublished 
data) documented decreases in the cover and composition of the herbaceous layer and shrub 
species composition of the SF during a reassessment in the mid-1980s.  During the same time 
period, the white-tailed deer (Odocoileus virginianus) population in the area increased from <10 
deer km-2 to >50 deer km-2 (Underwood 2005).  This research investigated whether canopy 
constituents of this maritime holly forest are maintaining themselves under the current levels of 
herbivory and other disturbances.  We present this report in executive summary format through a 
series of questions that probe different aspects of vegetation dynamics of the SF.  We do this for 
two reasons.  First, the scope of the work is broad and includes research approaches and methods 
that are somewhat disparate and unrelated, making the presentation of the full work awkward.  
Second, the research on which the report is based already appears in the peer-reviewed scientific 
literature as discrete units with specific objectives and methodologies.  We refer the reader 
directly to those published accounts for the methodological details. 
 

We compared the vegetation trends measured in the SF to the trends occurring at the 
other maritime holly forest located at SH. Permanent vegetation plots were established in the SH 
holly forest in 1989 by H. W.  Art. With Dr. Art’s collaboration, we relocated most of the plots 
and sampled the vegetation in summer 2003 and compared this dataset to that of the permanent 
vegetation plots in the SF (1967 to 2002).  In particular, the effects of herbivory are elucidated 
by the simple fact that there are few deer on SH due to its remote location and isolation from the 
mainland.  The first three questions address the degree to which the ecology of these two forests 
differ.   
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Specifically,  
1) Do temporal trends in forest structure and composition indicate that both 
locations are on similar successional trajectories? 
2) How do canopy trees establish within this forest type, and are major 
disturbances (e.g., hurricanes, nor’easter storms) more important than minor 
disturbances (e.g., treefall gaps) in their persistence? 
3) What does the current vegetation in canopy gaps and seed bank suggest 
about the future composition of the SF? 
4) What role has herbivory played in the documented change in vegetation 
composition and structure of the SF? 
5) What are the prospects for conservation of the essential character of the 
maritime holly forest under different disturbance regimes?  

 
We used a combination of diameter structures, compositional trends and age distributions 

built from tree cores collected from permanent vegetation plots monitored in the SF and at SH to 
answer Questions 1 and 2 (Forrester et al. 2007).  Through a series of soil seed bank studies, we 
focused the third question on the degree to which the forest growing up from the seed bank looks 
like the extant forest of today (Forrester and Leopold 2006).  We evaluated the effects of deer 
herbivory through the use of permanent and temporary vegetation enclosures to address the 
fourth question (Forrester et al. 2006).  Finally, we synthesized our understanding of the 
regeneration and maintenance dynamics of the SF to consider future states of the SF and 
potential conservation strategies.  We expanded the scope of the original project statement 
(Questions 2, 3 and 5) by the fortuitous inclusion of data from the holly forests at SH (Question 
1), and the implementation of a new vegetation enclosure experiment (Question 4). 
 
Question 1:  Do temporal trends in forest structure and composition indicate that both 
locations are on similar successional trajectories? 
Sunken Forest  

The relative importance of the most shade-tolerant species, I. opaca, has increased from 
32 to 39% within the canopy due to significant increases in basal area occurring from 1967 to 
2002 (Table 1). The importance of Amelanchier canadensis in the canopy has declined, due to a 
significant decrease in stem density from 1986 to 2002 (961 to 750 stems ha-1). Sassafras 
albidum and Nyssa sylvatica maintained their relative importance within the canopy due to 
increasing basal areas despite decreasing densities.  The density of the shrub and sapling layer 
fluctuated over the sampling period, significantly decreasing from greater than 8500 stems ha-1 in 
1967 to 2157 stems ha-1 in 1986 and increasing to 4980 stems ha-1 by 2002.  The decline in stem 
density from 1967 to 2002 is due to significant decreases in Vaccinium corymbosum, 
Gaylussacia baccata, and Toxicodendron radicans. Basal area of the shrubs declined 
significantly from 1967 to 1986 (from 4.0 to 2.4 m2 ha-1, respectively) and continued to decline 
to 1.5 m2 ha-1 by 2002. The composition of the woody understory became increasingly 
simplified; by 2002 two species rather than seven in 1967, accounted for almost 90% of the 
stems: V. corymbosum and Baccharis halimifolia.
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Table 1. Tree, sapling and shrub composition at the Sunken Forest, an old-growth maritime holly forest on Fire Island National 
Seashore, NY. Arrows indicate statistically significant increases or decreases from the prior sampling period (based on paired t-tests 
and signed rank tests between consecutive years, α=0.05). Values are means ± standard errors.    
Size 
class 

Species BASAL AREA 
m2 ha-1 

DENSITY 
Stems ha-1 

IV 
% 

  1967 1986 2002 1967 1986 2002 1967 1986 2002
>3 cm Ilex opaca 7.6±1.4 ↑9.6±1.9 ↑14.4±2.9 618±130 571±111 605±114 32 32 ↑39 
dbh Amelanchier canadensis 4.9±0.9 5.8±0.9 5.7±1.2 946±140 961±183 ↓750±192 34 33 30 
 Sassafras albidum 5.4±1.1 6.5±1.3 8.9±1.9 314±42 343±67 ↓280±77 20 21 21 
 Nyssa sylvatica 1.7±0.8 1.8±0.9 2.4±1.5 93±35 93±36 85±45 6 6 6 
 Quercus velutina 0.9±0.8 0.9±0.8 1.5±1.3 7±5 14±8 15±8 2 2 3 
 Pinus rigida 0.2±0.2 0.2±0.2 0.5±0.5 7±7 7±7 15±15 1 1 1 
 Other* 0.7 0.6 0.1 121 196 25 4 6 1 
 Total 21.3±2.1 ↑25.5±2.5 ↑33.5±2.9 2107±200 2186±213 ↓1775±202    
           
<3 cm Vaccinium corymbosum 1.6±0.5 1.0±0.3 1.1±0.4 2357±629 ↓943±247 2260±881 34 43 58 
dbh Baccharis halimifolia 0.2±0.2 0.6±0.6 0.3±0.3 57±57 229±229 2020±2020 3 18 29 
 Amelanchier canadensis 0.9±0.4 0.3±0.1 0.1±0.1 1000±463 229±86 160±160 17 11 4 
 Gaylussacia baccata 0.1±0 0.1±0 0 743±342 ↓171±110 240±175 6 5 3 
 Rhododendron viscosum 0.2±0.2 0 0 429±429 0 20±20 5 0 1 
 Aronia arbutifolia 0.5±0.2 0.2±0.1 0 1086±530 200±136 20±20 12 8 0 
 Toxicodendron radicans 0.1±0 ↓0 0 1214±439 ↓71±71 0 9 ↓2 0 
 Ilex glabra 0.1±0.1 0 0 386±209 57±45 0 4 2 0 
 Rosa carolina 0.1±0 0 0 671±497 0 0 5 0 0 
 Rhus copallinum 0.1±0.1 0.1±0.1 0 229±229 29±29 0 3 2 0 
 Sassafras albidum 0.1±0 0.1±0.1 0 100±49 57±45 20±20 1 2 1 
 Myrica pensylvanica 0 0 0 0 129±90 100±81 0 4 1 
 Other** 0.1 0.2 0 643 257 260 7 10 4 
 Total 4.0±1.2 ↓2.4±0.7 1.5±0.5 8586 

±2088 
↓2157 
±554 

4980 
±2119 

   

*Other includes: Aronia arbutifolia, Prunus serotina, Acer rubrum, Rhus copallinum, Quercus stellata, and Q. coccinea (all <2% relative 
importance) in 1967; only the first 4 species listed previously in 1986; and only first 2 species in 2002. 
**Other includes: Nyssa sylvatica, Ilex opaca, Prunus serotina, Rubus allegheniensis, Sambucus canadensis in 1967; N. sylvatica, I. opaca, and 
Vitis sp. in 1986; and N. sylvatica, P. serotina, and Parthenocissus quinquefolia in 2002. 
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The diameter structures of the dominant tree populations support the view that this is a 
self-perpetuating forest type (Fig. 1). The positively skewed diameter distributions for I. opaca, 
S. albidum and A. canadensis in 1967 suggest a pattern of continuous regeneration for these 
species. By 2002, the diameter structures of Ilex and Sassafras have shifted and no longer 
display the most numerous stems in the smaller size classes. The A. canadensis population is the 
only to retain the positively skewed distribution. Age-diameter relationships were not 
consistently strong for any species however, so only weak inferences should be made about stand 
development and dynamics based on the size structures alone (Fig. 2). 
 
Sandy Hook 

The dominance of I. opaca increased within the SH holly forest, as its relative importance 
increased from 72 to 82% (Table 2) due to a significant increase in basal area. Prunus serotina, 
Celtis occidentalis, and A. canadensis decreased in importance from 1989 to 2003, due to 
decreases in both density and basal area. 

 
The density of woody stems in the understory increased 34% from 1989 to 2003, from 

561 to 850 stems m-2 (Table 2). Prunus serotina saplings and T. radicans dominated the woody 
understory in 1989, accounting for 70% of the stems. By 2003, I. opaca saplings significantly 
increased in diameter and number, becoming the most important understory species (47% IV). 
The density of P. serotina stems fell significantly from 261 stems ha-1 to 156 stems ha-1.  Many 
of the large T. radicans stems died, but numerous new stems and vines established increasing the 
density of the species from 139 to 256 stems m-2 from 1989 to 2003. Rhus typhina and Rhus 
copallinum decreased throughout the forest, while Rubus allegheniensis increased. 
 
Establishment and age patterns 

Both SF and SH are all-aged forests (Fig. 3).  The I. opaca within the SH holly forest 
ranged in age from 15 to 162 years old. Recruitment was nearly continuous in this forest as 
within the SF, with peaks in the 1880s, 1930s and 1940s. Though the minimum age of the cored 
individuals was 15 years of age, numerous new I. opaca recruits established within the 
permanent plots at SH.  

 
The age distributions of the two holly forests suggest that I. opaca has established and 

maintained itself within these forests through frequent small-scale disturbances. The largest 
difference in the two I. opaca populations occurs within the replacement patterns during the most 
recent decades and is apparent in the smallest size classes of the diameter distributions at the two 
sites (Fig. 4). Almost no overstory recruitment has occurred in the SF since 1970. At the SF, we 
were unable to core any individuals below 3 cm dbh because few stems in this size class were 
even present. Minimal ingrowth of any species was recorded between the last sampling interval 
(1986-2002).  In contrast, the I. opaca population of SH has increased, with numerous new 
individuals established since the initial sampling period. 
 
Question 2.  How do canopy trees establish within this forest type?   
Mortality patterns  

The overall mortality rate of all canopy trees (stems >10 cm dbh) was higher at the SF 
during the period of 1967-1985 than from 1986-2002, 1.9% year-1 vs. 1.2% year-1 (Table 3). 
Overall mortality at SH was 0.9% year-1.  Ilex opaca had the lowest mortality rates relative to the
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Figure 1. Diameter distributions for four dominant canopy species in the Sunken Forest 1967-2002.
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Figure 2. Age-diameter relationships for all trees cored at Sunken Forest, Fire Island National Seashore. Individuals are coded by the 
first two letters of the genus and species.
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Table 2. Basal area, density and relative importance of trees, saplings, and shrubs at the mature Sandy Hook maritime holly forest, 
Gateway National Recreation Area, NJ. Arrows indicate statistically significant changes from the prior sampling period (based on 
paired t-tests and signed rank tests, α=0.05).   
Size class Species BASAL AREA 

(m2 ha-1) 
DENSITY 
(stems ha-1) 

IV 
(%) 

  1989 2003 1989 2003 1989 2003 
≥ 3 cm Ilex opaca 21.5±2.0 ↑26.3±2.5 850±120 822±96 72 ↑82 
dbh Prunus serotina 4.1±0.9 3.7±1.0 289±74 ↓128±33 19 ↓12 
 Celtis occidentalis 0.9±0.5 0.7±0.4 67±37 33±18 4 3 
 Amelanchier canadensis 0.6±0.5 0.3±0.3 44±30 28±19 3 2 
 Juniperus virginiana 0.3±0.3 0.3±0.3 6±6 6±6 1 1 
 Rhus copallinum 0 0 39±39 6±6 2 0 
 All species 27.3±2.1 ↑31.3±2.8 1294±135 ↓1022±98   
        
< 3 cm Ilex opaca 0.06±0.04 ↑0.16±0.03 78±44 ↑222±57 15 ↑47 
dbh* Prunus serotina 0.14±0.04 0.07±0.04 261±100 ↓156±83 41 ↓19 
 Toxicodendron radicans 0.11±0.06 0.03±0.02 139±84 256±166 30 18 
 Rubus allegheniensis 0 0 0 183±183 0 11 
 Baccharis halimifolia 0.03±0.03 0.02±0.02 39±39 11±11 5 7 
 Rhus copallinum 0.01±0.01 0 28±23 11±8 4 1 
 Other** 0 0 17 11 1 1 
 All species 0.35±0.1 0.28±0.1 561±155 850±272   
*Basal diameter was recorded instead of dbh for stems in this category. 
*Other includes: Rosa multiflora, Rhus typhina, Amelanchier canadensis, Myrica pensylvanica, Prunus maritima, and Vaccinium 
corymbosum (all <1% relative importance).
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Figure 3. Establishment patterns of stems cored in the Sunken Forest, Fire Island National Seashore, NY. Individuals are coded by the 
first two letters of the genus and species.
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Figure 4. Establishment patterns for Ilex opaca at the Sunken Forest, FIIS, NY (n=93) and Sandy Hook, GNRA, NJ (n=51).
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Table 3. Mortality and recruitment of canopy trees (>10 cm dbh) at two maritime holly forests. 

 No
* 

Mortality 
(% yr-1) 

Recruits 
(#/ha-yr-1) No

* 
Mortality 
(% yr-1) 

Recruits 
(#/ha-yr-1) 

Sunken Forest 1967-1986 1986-2002 
Ilex opaca 100 0.9 4.3 103 0.3 3.5 
Sassafras albidum 49 2.9 5.6 55 2.0 3.3 
Amelanchier canadensis 52 3.2 5.1 51 2.5 4.1 
Nyssa sylvatica 18 2.1 0.4 17 0.4 0.0 
Sandy Hook 1989-2003    
Ilex opaca 95 0.1 3.6    
Prunus serotina 26 3.9 4.0    
Celtis occidentalis 7 2.4 0.0    
Amelanchier canadensis 4 4.8 0.4    
*No is the number of living stems at time of initial measurement.
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other species present at both sites.  Ilex opaca mortality at the SF was 0.8% yr-1 from 1967-1986 
and 0.3% yr-1 from 1986-2002.  Sassafras albidum and A. canadensis mortality rates also 
declined during the later sampling period, though the rates were higher in both periods for these 
less shade-tolerant species; from 2.9 to 2.0% yr-1 for S. albidum and from 3.2 to 2.5% yr-1 for A. 
canadensis.  Nyssa sylvatica, another shade-tolerant species exhibited high annual mortality (2% 
yr-1) from 1967-1986, but then mortality slowed from 1986 to 2002 (0.4% yr-1). 

 
At SH, I. opaca mortality is infrequent, occurring less than 0.1% yr-1. However, P. 

serotina, C. occidentalis and A. canadensis mortality is much higher (3.9, 2.4 and 4.8% yr-1, 
respectively) than I. opaca. Note the small sample size available to determine the mortality rates 
of A. canadensis and C. occidentalis. 

 
Disturbance History 

Results from tree-ring analyses indicate that moderate disturbances have occurred 
throughout the lifetime of the oldest hollies (Fig. 5). Perhaps these disturbances can be attributed 
to numerous hurricanes, tropical and nor’easter storms that have occurred throughout the past 
two centuries. A recent regional analysis of hurricane impacts in New England showed the most 
severe impacts of hurricane winds occur along the southern coastline from New York City to 
Boston (Boose et al. 2001). 

 
Through reconstructions of the path and wind velocities associated with historical 

hurricanes, Boose et al. (2001) found mean return intervals of 5 yrs for F0 damage on the Fujita 
scale (loss of leaves and branches); 15 yrs for F1 damage (e.g., scattered blowdowns, small 
gaps); and 150 yrs for F2 damage (e.g., extensive blowdowns, large gaps). From 1788-1991, it 
appeared that the SF and SH were in the path of two F2s (occurring in 1788 and 1821) and nine 
F1s (occurring in 1804, 1815, 1938, 1944, 1954a, 1954b, 1960, 1985, and 1991). 

 
Growth releases attributable to major disturbances are less frequent in the I. opaca trees 

at the SF than at SH. The unique east-west geographic orientation and island topography of FIIS 
may account for these differences. The height of the primary dune (~7 m) and presence of a 
secondary dune (~9 m) at SF create a more sheltered location for the forest as winds are blocked 
and lifted upwards as they meet these dunes. In addition, the short stature of the canopy, which is 
thought to be maintained by salt-spray, may also be a physical adaptation of roots and shoots to 
nearly chronic catastrophic hurricane winds (Everham and Brokaw 1996). The SF is built on a 
sequence of relict inlet ridges situated behind a secondary dune (Leatherman 1985); this 
topographic setting protects it from wind and overwash events. Despite numerous storms 
occurring between 1938 and 1979, Leatherman (1983) found evidence of only one overwash 
event near the SF portion of Fire Island, but deposits appeared to occur on either side of the 
forest.  This observation is supported by the tree-ring cores.  Several I. opaca individuals are 
older than any other species aged in the forest and are well-distributed spatially throughout the 
forest indicating a lack of stand-wide, catastrophic disturbance in the past two centuries. 

 
SH extends northward with little to no topographic protection except that from the sea-

wall along the eastern side of the south end of the Hook (Chrysler 1930). Though SH is in a more 
protected location from hurricane winds, it has little protection from nor’easters that commonly 
occur up to three times per winter in this region. The 90º bend between the NJ and Long Island
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Figure 5. Ilex opaca releases in Sunken Forest (A) and Sandy Hook (B), two maritime holly 
forests. Major releases occurred between 50-100% of the value of the boundary line and 
moderate releases were between 20-49.9%. 
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coasts funnel surge waters northward to the New York City harbor (Gornitz et al. 2002). 
Approximately 20% of the holly exhibited major releases in the 1920-30s. A few major storm 
events in this region may account for this: The Great Snow and Sleet Storm of 1920 presented 
the NJ coast with 43 cm of precipitation in early February; the 1933 nor’easter (January 25-30, 
1933) brought a maximum storm surge of 0.92 m and a storm duration of 87 hours (Zhang et al. 
2002); and the Hurricane of (21 September) 1938 brought wind velocities up to 129 km per 
(recorded at nearby New York City) and wave heights reaching 3-3.7 m. Another notable storm 
that brought the highest recorded storm surge (1.3 m maximum surge) at the SH tide gauge was 
the Ash Wednesday Storm of 1962. The combination of large waves and higher seasonal tides 
occurring over 5 continuous high tides caused substantial beach erosion (Zhang et al. 2002). 

 
The early peaks in the release frequency for SF I. opaca correspond to notable Long 

Island hurricanes occurring in September and October of 1804 and September 1869. It is 
remarkable that few releases are present in the SF I. opaca that correspond to the 1938 hurricane. 
A report from October 1938, accounts that during the storm the dunes from Fire Island Inlet to 
Southampton were leveled or damaged (Andrews 1938). It is possible that trees were highly 
damaged, but not uprooted so that the increased recruitment noticeable in the 1940-50s was a 
delayed response to damage from the great hurricane. 

  
Thirty-forty percent of the S. albidum exhibited major releases in the 1940-50s as well. 

Minimal tree mortality occurred after Hurricane Gloria (27 September, 1985), though the tipping 
over of several trees and removal of branches caused a 25-30% reduction in canopy cover (H.W. 
Art, unpublished data). In the two growing seasons following Hurricane Gloria, a nearly five-
fold increase in I. opaca seedling density occurred (H.W. Art, unpublished data).  Similar to 
southern coastal forests, the maritime holly forest has strategies for resilience that allow it to 
persist under a regime of recurring disturbances from hurricanes of varying magnitudes (Myers 
and VanLear 1998).    
 
Question 3. What does the current vegetation in canopy gaps and seed bank suggest about 
the future composition of the SF?   

The extant and potential (i.e., seed bank) vegetation of the SF was described to assess 
whether treefall gaps act as a mechanism for the persistence of the species composition of the 
maritime holly forest community over time. Using the line intercept method for sampling canopy 
gaps, 17 gaps were identified on the four southernmost transects that spanned the widest portion 
of the forest. When a canopy opening was encountered along a transect, a gap plot was 
established and was later compared with a plot that had been located systematically on the 
transect and was beneath closed canopy conditions.  The composition and density of the seed 
bank were described using the emergence method. Germination from soil samples placed in the 
greenhouse was monitored over two years. 

 
Sapling and shrub density was highly variable between plots and numerous plots 

contained no individuals meeting the defined size criteria. Densities beneath the closed canopy, 
(518±265 stems ha-1) and within gaps (2071±991 stems ha-1) were not significantly different (p-
values for all spp. and for individual sp. >1.6). Amelanchier canadensis (55%), V.  corymbosum 
(24%) and Rhododendron viscosum (18%) were most important beneath closed canopy, while P. 
serotina (36%), G. baccata (26%) and again V. corymbosum (31%) were most important in 
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canopy gaps (Table 4). The mean cover and density of herbaceous and woody vegetation < 1 m 
tall were higher beneath treefall gaps than closed canopy (p=0.001 and 0.048, respectively; Table 
5). The mean plant cover was 45±10% in the gaps and 4±0.6% beneath the closed canopy. Plant 
density was 49±7 stems m-2 within gaps and 32±6 stems m-2 outside the gaps. Species richness of 
the ground-layer vegetation did not differ between gaps and the closed canopy, with richness in 
both locations ranging from 2-10 species and a mean of 5 species per plot.  Several species were 
higher in cover within gap openings than beneath the closed canopy, including: P. serotina, A. 
canadensis, Parthenocissus quinquefolia, and Smilax rotundifolia (p-values <0.01). No 
individual species’ density differed significantly between gaps and closed canopy plots (all p > 
0.05).  Plant cover was positively related to the size of the gap (r2=0.31, p=0.025). 

  
Propagule Bank 

Rhus copallinum, S. rotundifolia, and Digitaria sanguinalis were the most abundant 
germinants from the propagule bank (57.2±15.6, 37.5±13.3, and 31.9±10.4 stems m-2; Table 6). 
Ilex opaca germination occurred only after the second cold stratification period (from Feb-July 
2003) eventually reaching 17.8±6.7 stems m-2. Several species common in the forest had very 
low germination including S. albidum and A. canadensis. Nyssa sylvatica, V. corymbosum and 
several herbaceous species were absent from the seed bank.  

 
Comparisons of the vegetation in the seed bank, understory and overstory of the SF 

indicate that the future canopy will likely differ from its current composition. Most of the 
dominant canopy species are present in the seed bank and ground layer but are not present in the 
sapling and shrub layer, with the exception of A. canadensis.  Prunus serotina is not an 
important component of the current forest canopy, yet by far, is the dominant species in the 
understory. 

 
Question 4.  Is herbivory responsible for the documented change in vegetation composition 
and structure within the SF?   

Browse lines were noted within this forest in the 1980s (O’Connell et al., 1989) and early 
indicator species present in the 1960s have already been reduced or extirpated (e.g., Aralia 
nudicaulis; H.W. Art, unpub. data). The white-tailed deer population has experienced rapid 
growth on the western portion of Fire Island, increasing from approximately 7 deer km-2 in 1983 
to 80 deer km-2 in 2002 and 2003 (Underwood 2005). Other herbivores common within the SF 
include the eastern cottontail rabbit (Sylvilagus floridanus) and meadow vole (Microtus 
pennsylvanicus). Three decades of change in the plant community was described using 
permanent plots and nearly two decades of recovery using deer exclosures. In addition, we used 
short-term exclosures to isolate the effects of rabbit, vole and deer herbivory and the influence of 
canopy type on understory vegetation (Table 7). 

 
Long-term plots and deer exclosures 

 Plant cover decreased within permanent plots from 1967 to 1986, with the cover of 
woody species declining from 19% to 6%, vine species from 7% to <1%, and herbaceous species 
from 7% to 2% (Table 8).  Several woody and vine species including V. corymbosum, A. 
canadensis, and T. radicans significantly decreased to less than one percent cover. Though mean 
cover of several additional herbaceous species decreased over the time period, the sample size
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Table 4. Importance values1 of dominant woody species in canopy, shrub and sapling layers and 
in the seed bank relative to canopy gaps of the Sunken Forest, Fire Island National Seashore, 
New York. 
Species Canopy Shrub & Sapling Seedling & Herbaceous Seed bank
  Gap Closed Gap Closed  
Ilex opaca 28 4 _ 3 3 7 
Nyssa sylvatica 11 _ _ 1 2 _ 
Amelanchier canadensis 22 _ 55 18 14 1 
Sassafras albidum 21 _ _ 6 12 1 
Prunus serotina 3 36 _ 27 18 2 
Vaccinium corymbosum 1 31 24 _ <1 _ 
Gaylussacia baccata _ 26 _ 3 _ _ 
Rhododendron viscosum 1 _ 18 _ 1 _ 
Rhus copallinum _ _ _ _ <1 26 
Rhus glabra _ _ _ _ _ 2 
1Importance values synthesize (Relative density + Relative basal area)/2 for canopy and sapling 
layers, (Relative density + Relative percent cover)/2 for herbaceous and seedling layer and 
relative density for seed bank.
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Table 5. Mean cover and density (±standard error) of ground-layer vegetation in gap and closed 
canopy plots in the maritime Ilex forest. Paired t-tests were performed on differences of cover 
and density between plots (n=17). 
Species Cover  

(%) 
p-value Density  

(stems m-2) 
p-value 

 Gap Closed  Gap Closed  
Prunus serotina 21±6.6 1.2±0.3 0.008 7.8±1.8 4.7±1.0 0.378 
Gaylussacia baccata 5.1±5.1 0±0 0.332 1.5±1.5 0+0 0.332 
Smilax rotundifolia 3.7±0.7 0.6±0.1 <0.001 9.8±1.7 8.3±1.1 0.584 
Parthenocissus quinquefolia 3.6±1.1 0.4±0.1 0.011 4.7±1.4 2.1±0.6 0.099 
Sassafras albidum 3.3±1.4 0.7±0.2 0.085 2.5±0.8 1.4±0.4 0.401 
Amelanchier canadensis 2.5±0.7 0.4±0.1 0.011 14.4±5.7 9.7±5.0 0.232 
Trientalis borealis 1.9±0.9 0.2±0.2 0.094 4.9±3.1 2.5±1.4 0.578 
Toxicodendron radicans 1±0.6 0.1±0.1 0.173 0.4±0.3 0.7±0.4 0.585 
Rubus sp. 0.9±0.9 0±0 0.332 0.2±0.2 0+0 0.332 
Ilex opaca 0.7±0.4 0.2±0.1 0.259 1.4±0.6 0.8±0.4 0.729 
ALL species* 44.7±10.1 4.4±0.6 0.001 49±7.2 31.8±6.1 0.048 
*Includes other species present at <0.5% cover and <1 stem m-2: Aronia arbutifolia, Baccharis 
halimifolia, Carex species, Triadenum virginica, Maianthemum canadensis, Nyssa sylvatica, 
Pinus rigida, Teucrium canadense, Vaccinium corymbosum, and Vitis species.



 17

Table 6. Mean soil seed bank density and life history characteristics1 for species common to the Sunken Forest, Fire Island National 
Seashore, New York. 
Species Shade 

tolerance 
Max age Fruit type Fruit 

maturation 
Dispersed Dispersal 

by3 
Salinity 

tolerance 
Seed bank 

density (m-2) 
Ilex opaca Very tolerant 2022 Drupe Sept-Oct March B, A Low 17.8+6.7 
Nyssa sylvatica Tolerant 600 Drupe Sept-Oct Sept-Nov G, A, B Low - 
Quercus velutina Intermediate 200 Acorn Aug-Oct Sept-Dec G, A None - 
Amelanchier canadensis Intermediate 782 Drupe June Summer B, A None 2.8+1.6 
Juniperus virginiana Intolerant 581 Berry-like cone Sept-Nov Feb-March B, A Low - 
Quercus stellata Intolerant 371 Acorn Sept-Nov Sept-Dec G, A None - 
Prunus serotina Intolerant 200 Drupe July-Sept Sept G, B, A None 3.7+2.6 
Pinus rigida Intolerant 200-350 Cone Sept Nov-Apr W None - 
Sassafras albidum Intolerant 1182 Drupe Aug-Sept Sept-Oct B None 1.9+1.3 
Rhus copallinum Intolerant - Drupe Sept-Oct Fall-spring B, A None 57.2+15.6 
 

1Referenced from Davis (1996); Baskin and Baskin (1998); Dirr (1998); Hardin et al. (2001).  
2Ages approximated based on cores from Sunken Forest. 
3B=birds, A=other animals, G=gravity, W=wind. 
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Table 7. Description of establishment date, dimensions, and animals excluded by a series of 
exclosures used in the Sunken Forest, FIIS. 
Target animal  
 

Size (m2) Mesh size (cm) Establishment date Sample size 

Deer 169 7.6 x 15.2 1986 3 
Rabbit* 1 1.3 2002 9 
Deer and rabbit 1 2.5 2002 26 
Vole* 0.25 1.3 2002 26 
*indicates this exclosure is nested within the larger exclosure listed directly above
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Table 8. Mean percent cover (±se) of the ground-layer vegetation in 1967 and 1986 in Sunken 
Forest. Differences in cover between time periods were compared using a paired t-test (n=6). 
Species or group Cover (%) Significance 
 1967 1986  
Woody 18.9±5.7 5.6±2.4 ** 
  Vaccinium corymbosum 8.5±5.1 0 * 
  Ilex glabra 4.0±4.0 0.1±0.1  
  Amelanchier canadensis 2.3±0.7 0.7±0.1 ** 
  Gaylussacia baccata 0.5±0.3 3.2±2.2  
  Prunus serotina 0.2±0.2 0.5±0.3  
  Ilex opaca 0 0.1±0.05  
Vine  7.2±2.9 0.4±0.1 ** 
  Toxicodendron radicans 6.5±3.0 0.1±0.03 ** 
  Parthenocissus quinquefolia 0.7±0.4 0.1±0.1  
Herb 6.5±1.7 2.4±2.0 * 
  Aralia nudicaulis 3.2±1.7 0 * 
  Pteridium aquilinum 1.8±1.0 0.02±0.02  
  Trientalis borealis 0.8±0.5 0.4±0.3  
  Smilacina stellata 0.4±0.1 0.02±0.02 * 
  Polygonum hydropiperoides 0 1.8±1.8  
* significant at P<0.1, ** significant at P<0.05; results of paired t-test on log transformed cover 
values (raw means shown).
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likely limited the ability to detect significant differences. Aralia nudicaulis represented almost 
half of the herbaceous cover in 1967 and was no longer present in any plots by 1986. 

 
Changes during the same time period were also examined for each group of pairs in order 

to present the pre-condition changes that had occurred on the plots before the initiation of the 
deer herbivory experiment. The patterns of change presented in Table 9 indicate that most 
species were declining, with only a few exceptions, before 1986. The decrease in T. radicans in 
the unfenced plots appears to be the only change that is both biologically and statistically 
significant. Few differences in plant cover within fenced and unfenced plots were statistically 
significant from 1986 to 2002 although visual differences were striking in two of the three 
fenced plots.  Amelanchier canadensis and G. baccata increased moderately (~0.5%) in plots 
that were exposed to deer, while declining in fenced areas (~0.3%, both P-values < 0.1). The 
differences in cover were slight again with T. radicans but the directions of change were 
reversed and cover declined in unfenced plots (P=0.05). Temporal changes in the understory are 
evident in the comparison of mean cover and density of plants in 1967 and 1986. 

  
Significant decreases in both woody and vine species occurred in the two decades 

following the initial establishment of the permanent plots. The mean cover of nearly every 
herbaceous species declined during this time period as well, though the sampling effort was not 
great enough to accurately capture their patchy distribution within the understory. 

 
Rabbit herbivory 

Plots excluding rabbits had higher woody plant cover (28% vs. 13%, P=0.04) but not 
density (28 stems m-2 for both, P=0.8) than those plots accessible to rabbits (Table 10). The 
density of all species was significantly higher in fenced than unfenced plots (121 vs. 90 stems   
m-2, P=0.01). The cover of Trientalis borealis tended to be higher in plots excluding rabbits, 
though differences were not statistically significant. 

 
Conversely, the densities of P. serotina and A. canadensis  were more abundant in the 

plots accessible to rabbits.  Smilax, T. borealis, S. albidum, Aronia arbutifolia and P. 
quinquefolia had higher density in fenced plots, though again differences were not significantly 
different. The proportion of stems ≥ 0.5 m tall was not significantly different between open and 
fenced plots (P=0.52). 

 
Short-term paired plots 

By 2003, significantly more woody seedlings and vine species occurred in areas 
excluding voles (P-values=0.05 and <0.01, respectively; Table 11). The density of Smilax 
germinants was significantly greater in plots that excluded voles as well as deer and rabbits in 
both years plots were monitored (23 stems m-2 versus 15 stems m-2, P<0.01 in 2003). The 
difference in the density of P. serotina stems likely accounts for the differences in woody stems 
observed (P=0.05).  No significant differences in the percent cover of vegetation in plots fenced 
to deer and rabbit versus plots that additionally excluded voles were observed. 

 
The cover of all species depended on the interaction of fencing and canopy type with 

significantly higher plant cover in fenced plots beneath mixed (26% in fenced vs. 10% in open 
plots) or exclusively deciduous canopy (34% in fenced vs. 22% in open plots) and the lowest
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Table 9. Mean percent cover of the herbaceous layer measured in the plots used for the deer 
herbivory study in the Sunken Forest. The first two time periods (1967 and 1986) are included to 
represent pre-experiment conditions; plots were not fenced until after the vegetation survey in 
1986. * indicates a statistically significant (α=0.1) change based on paired t-test between cover in 
1967-1986. No differences in cover were significant between 1986 and 2002. 
 Fenced (n=3) Unfenced (n=3) 
 1967 1986 2002 1967 1986 2002 
All species 38.9 10.1 15.1 34.5 8.4* 8.6 
       
Woody species 20.7 2.3 2.6 22.9 7.9 8.1 
  Vaccinium corymbosum 10.1 - 0.2 6.8 - - 
  Ilex glabra 6 - - 7.9 - - 
  Nyssa sylvatica 1.7 0.1 0.1 - - <0.1 
  Sassafras albidum 0.9 0.1 0.2 2.6 1.0 0.6 
  Aronia arbutifolia 1 0.1 <0.1 0.9 0.7 - 
  Ilex opaca - <0.1 <0.1 - 0.1 <0.1 
  Amelanchier canadensis 0.8 1.1 0.9 3.4 0.3* 0.9 
  Gaylussacia baccata - 0.8 0.4 0.9 5 5.4 
  Prunus serotina <0.1 <0.1 0.8 <0.1 0.7 1.2 
       
Vine species 10.8 3.5 3.6 7.9 5.9 5.7 
  Toxicodendron radicans 9.3 0.1 0.4 3.6 0.2* <0.1 
  Parthenocissus quinquefolia 0.6 0.1 0.1 2.4 <0.1* 0.2 
  Smilax rotundifolia 0.4 2.5 3.1 1.6 2.1 5.5 
  Smilax glauca 0.4 0.8 - 0.3 3.6 - 
       
Herbaceous species 8.3 7.7 12 5.6 0.2 0.3 
  Aralia nudicaulis 2.8 - - 3.6 - - 
  Pteridium aquilinum 2.8 - - 1.6 0.1 - 
  Smilacina stellata 0.5 - - 0.3 0.1 - 
  Trientalis borealis 1.5 0.8 4.9 0.2 <0.1 0.1 
  Polygonum hydropiperoides - 6.3 6.3 - - - 
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Table 10. Mean cover (%) and density (stems m-2) in open and fenced to rabbit plots within 
permanent deer exclosures, FIIS 2003. An asterisk indicates a significant difference from a 
paired t-test (P-value=0.041). 
 Cover (n=3) Density (n=3) 
 % Stems m-2 
 Open Fenced Open Fenced 
Woody species 13.2 ± 5.1 27.7 ± 7.1* 28.2 ± 5.9 27.6 ± 6.8 
Vine species 2.4 ± 0.6 4.8 ± 1.0 13.8 ± 4.3 23.9 ± 10.0 
Herbaceous species 10.2 ± 3.7 17.9 ± 6.1 47.9 ± 15.9 69.6 ± 20.1 
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Table 11. Mean density of germinants in 2003 where all small to large herbivores were excluded 
versus where only medium and large herbivores were excluded. P-values are reported from 
paired t-test conducted on differences between fenced plots (n=26). The only two specific 
differences are reported. 

 
Voles permitted 

 
Voles, rabbits 

& deer excluded P 
All species 69.3 ± 16.1 86.9 ± 24.0 0.08 
Woody species 41.4 ±  8.5 47.2 ± 9.3 0.05 
Vine species 22.0 ± 4.0 29.7 ± 5.0 <0.01 
Herbaceous species 16.3 ± 14.0 23.2 ± 22.3 0.41 
  Smilax rotundifolia 14.7 ± 2.1 22.8 ± 3.9 <0.01 
  Prunus serotina  4.9 ± 0.8  6.9 ± 1.5 0.05 
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cover observed beneath the canopy with the highest proportion of holly (7% in fenced plots vs. 
11% in open plots; Fig. 6). The main effect of canopy type showed no influence on plant cover, 
though it did affect the density of woody stems. Woody species were more numerous beneath a 
mixed canopy (54 stems m-2), than an exclusively deciduous (26 stems m-2) or exclusively 
evergreen canopy (17 stems m-2). The density of A. canadensis was the only significant specific 
response to canopy type (P=0.05). 

 
Fencing had a stronger effect than canopy type on plant cover and density. Woody plant 

density was significantly higher in plots excluding deer and rabbits (40 vs. 25 stems m-2, P=0.04) 
and in plots excluding voles (47 vs. 33 stems m-2, P=0.06). Amelanchier canadensis density was 
significantly higher in fenced than unfenced plots (18 vs. 8 stems m-2, P=0.07). Several other 
statistically significant differences in species densities were found (due to fencing or the 
interaction of fencing and canopy), though few appeared to be biologically significant 
(differences of <1 stem m-2). The cover of woody species was significantly higher in fenced plots 
than unfenced plots (14% vs. 5%, P<0.01), attributable to higher percent covers of S. albidum, N. 
sylvatica, G. baccata, and P. serotina in fenced plots. The cover of vine species was slightly 
higher in fenced plots than unfenced plots in 2003 (6 vs. 2%, P<0.01) due primarily to 
differences in Smilax and P. quinquefolia. 

 
Evidence of browsing was apparent on approximately a quarter of the total vegetation 

surveyed. Greater than 25% of Smilax, P. serotina, S. albidum, N. sylvatica, G. baccata and R. 
viscosum stems were browsed. The proportion of stems growing to over 0.5 m tall when fenced 
was significantly greater than stems in open areas (P<0.01). 

    
Both the exclosure study and browsing survey illustrate the severe biotic impacts of 

browsing by deer on woody seedlings and saplings. Woody plant cover was highest where both 
deer and rabbits were excluded (Table 12). Though strong differences in vegetation were present 
in plots excluding both herbivores, only minor differences were evident in the areas fenced to 
rabbits or excluding voles, suggesting that white-tailed deer are the dominant herbivore within 
the SF. 

 
Several species exhibited a trend of higher cover and density in plots excluding deer and 

rabbits versus plots only excluding deer, though differences were variable enough that these 
patterns were not statistically significant. The combination of herbivores appear to have additive 
and similar impacts on the most common woody and vine species that characterize the forest.   
 
Question 5. What are the prospects for conserving the essential character of the maritime 
holly forest under different disturbance regimes? 

I. opaca occurs in 44  SAF forest cover types of the eastern United States.  Nowhere does 
it occur in a dominant or co-dominant position in the forest canopy except at SF and SH.  In 
addition, its association with the canopy co-dominants in these two locations is unique to the 
northern range limits of the species, and together, define the maritime holly forest type.  
Disregarding the total vegetation community, which includes an undifferentiated flora of herbs, 
shrubs and vines, the primary task contained in the question is to determine the persistence of the 
type under different disturbance regimes.
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Figure 6. Simple effects and main effects for short-term exclosure experiment excluding rabbits 
and deer. I. Simple effects on the mean percent cover of all species. II-III. Main effects on the 
density of woody stems. Means with different letters within treatment are significantly different 
at α=0.05.
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Table 12. Additive changes in plant cover (%) and density (stems m-2) in exclosures established 
for two years versus those established for 17 years.  
 short-term long-term 
 cover density cover density 
All herbivores present 14 ± 5 58 ± 11   
Deer excluded   23 ± 6 81 ± 15 
Deer & rabbit excluded 25 ± 5 80 ± 16 39 ± 7 108 ± 19 
Deer, rabbit & vole excluded 29 ± 6 100 ± 25   
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 Using the mortality rates in Table 3 and stem density (no. ha-1) of canopy trees >10 cm 
dbf measured at the end of each time period, we conclude that only I. opaca is replacing itself 
based on the observed recruitment of new stems (Table 13).   This conclusion holds for both time 
periods indicating failure of regeneration since 1986, and is corroborated by the age class 
distribution of cored stems in Figure 3.  The intensity of herbivory is overwhelming the capacity 
of the forest to perpetuate itself true to type.  Further, in the event of a major canopy disturbance, 
the other leading co-dominants will be replaced by Prunus resulting in a change in forest cover 
type (Fig. 7).  The conservation of forest type under two levels of canopy disturbance and two 
levels of herbivory is illustrated in Table 14. 
 

The first quadrant of Table 14 represents the status quo if nothing is done to alleviate the 
intensity of herbivory and a large, catastrophic canopy disturbance does not materialize in the 
near future.  The forest type will eventually change as Prunus increases its dominance in the SF 
and A. canadensis, N. sylvatica and S. albidum are lost through normal attrition.  The SF has 
occupied this state since 1986, and probably since the mid-1970s.  Due to the very low mortality 
rates exhibited by these species to date, the status quo could be sustained for a very long time in 
the absence of catastrophic, stand-wide canopy disturbance. 

   
The second quadrant pairs intense herbivory with a large, catastrophic canopy 

disturbance, which is the scenario leading to the quickest conversion of forest type.  The forest of 
the future after a catastrophic canopy disturbance would be predicated entirely on the advance 
regeneration in the understory, which is dissimilar to the archetype.  Recovery of type after such 
an event would take years and a large intervention on the part of managers. 

 
The third quadrant attempts to ascertain what the SF would look like were herbivory to 

be alleviated coincident with a large, catastrophic canopy disturbance.   Such a scenario, while 
seemingly unlikely, might come about through a destructive hurricane that not only causes 
massive disturbance to the canopy of the SF, but also reduces herbivory by the alteration of 
habitat, direct mortality on herbivores or both.   The uncertainty in status of forest type is due to 
the time it takes for the extant vegetation to recover relative to the time it takes for the herbivores 
to reassert pre-disturbance browsing pressure. 

   
The fourth quadrant represents a scenario lacking intense herbivory and large, 

catastrophic canopy disturbance, which allows seedlings to grow into recruitable size classes and 
leads to the conservation of the maritime forest cover type.  The full exploration of these 
scenarios, including relevant ecological risks, requires computer simulation.  Absent such a 
model, we offer these concluding observations for future consideration: 

 
1) By virtue of the geographical orientation of Fire Island and a well-developed dune 
system, the SF has been buffered from storms capable of drastically disturbing the forest canopy.  
That such a storm event may never materialize in the future is uncertain, however.  
 
2) Nearly four decades of intense herbivory have caused substantial change in the structure 
and composition of the vegetation community of the SF, particularly in the shrub and ground 
layers.  Remarkably, only two species have been extirpated or nearly so. 
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Table 13.  Stem density, mortality rate, projected annual stem losses and observed recruitment 
for characteristic canopy trees > 10 cm dbh within the Sunken Forest, Fire Island National 
Seashore.  Positive differences (bold) indicate replacement in the canopy. 
   1967-1986    
 density mortality rate deaths recruits difference 

Species Stems ha-1 Stems yr-1 Stems ha-1 yr-1 Stems ha-1 yr-1 Stems ha-1 yr-1

A. canadensis 196 0.032 6.3 5.1 -1.2
I. opaca 382 0.009 3.4 4.3 0.9
N. sylvatica 68 0.021 1.4 0.4 -1.0
S. albidum 211 0.029 6.1 5.6 -0.5

overall 889 0.019 16.9   
      
     1986-2002     
A. canadensis 205 0.025 5.1 4.1 -1.0
I. opaca 470 0.003 1.4 3.5 2.1
N. sylvatica 65 0.004 0.3 0.0 -0.3
S. albidum 235 0.020 4.7 3.3 -1.4

overall 1005 0.012 12.1     
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Figure 7.  Successional model for the maritime holly forest on Fire Island National Seashore, NY.  The model is adapted from Art 
(1976) and Backman and Patterson (1984) and includes the influence of treefall gaps and herbivory by deer (broken box). 
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Table 14.  Status of forest type conservation of the maritime holly forest in the face of canopy 
disturbance and herbivory, Fire Island National Seashore, NY. 
 Canopy Disturbance 

Herbivory 
frequent, small spatial extent (e.g., 
canopy gaps) 

infrequent, large spatial extent (e.g., 
catastrophic canopy loss) 

intensive status quo 
 

status lost 
 

extensive status conserved 
 

status uncertain 
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3) Greenbrier tangles and boardwalks provide functional refugia for many forest herbs;  
rescue of ground layer herbs and shrubs may be facilitated by incorporating refuges in the 
recovery plan.  
 
4) In the absence of intense herbivory, recovery times for trees, shrubs and herbs can only 
be speculated based on known life-history characteristics of each species.  Modeling and some 
experimentation may be necessary to make reasonable projections about recovery. 
 
CONSERVATION GOALS 
 
 The SF attains prominence in the enabling legislation of Fire Island National Seashore.  
Section 7 of the legislation (PL 88-587) states (in part) “the Sunken Forest shall be preserved 
from bay to ocean in as nearly its present state as possible…”.  For over 20 years the park has 
been dealing with natural resource issues associated with documented increases in the numbers 
of deer island-wide.  These issues have been particularly acute in western Fire Island due to the 
presence of the SF.  In light of the implications of this research, we offer the following goal 
suggestions as a place to start: 
 
Goal (1) Reduce or eliminate intense browsing by deer and other forest herbivores to allow 
the rescue of recoverable species ― Because the SF is relatively small, the most expedient way 
in which to accomplish a reduction in herbivory is to erect a fence.  There are a number of 
logistical constraints and issues associated with access that make building a fence somewhat 
problematic.  First, the sandy substrate means that maintenance will be high to prevent gaps 
under the fence from emerging.  In addition, the fence in some locations around the SF may 
capture and accumulate windborne sand creating a new set of maintenance problems.  Moreover, 
the SF serves as escape cover for deer as well as a place to forage.  Excluding them completely 
from the forest might force them into the adjacent communities.  Finally, the SF cannot be 
completely enclosed due to the presence of boardwalks that facilitate movement of the visiting 
public.  We recommend partial exclusion of large areas of the SF to promote recovery until a 
more permanent solution can be developed.  Partial exclusion solves the problem of creating 
access for people and deer,  promotes an experimental approach to recovery that will be visible 
and interpretable to the visiting public, provides scientists and managers with an idea of how best 
to accomplish recovery through experience, and allows the use of existing functional refugia to 
facilitate recovery of dwindling species. 
 
Goal (2) Develop an active propagation program for species which, by virtue of their life 
histories, will require assistance in their recovery ― We are reasonably certain that all native 
species found within the SF are still recoverable from local genetic seed stock.  Establishing 
provenance, horticultural procedures and sources of extirpated species will be necessary for 
expedited recovery. 
 
Goal (3) Prepare a rigorous 10 year program of monitoring to document recovery of the 
structure and composition of the SF ― Aside from periodic monitoring of permanent exclosures, 
very little is known about how plants recover from intense herbivory.  The size and location of 
the SF make it an ideal natural laboratory for learning about the recovery process of plants.  
Research areas to consider include: the relative competitive abilities of plants once released from 
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herbivory, the inhibitive role of secondary compounds, plant stem growth and spread, seed 
dispersal mechanisms, spatial location relative to the primary and secondary dunes, and the role 
of functional refugia in restoration success. 
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APPENDIX I. 
Updated species list for the maritime holly forests of Fire Island National Seashore, NY and 
Gateway National Recreation Area, NJ.  Nomenclature follows Gleason and Cronquist (1991). 
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