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Host Tree Preferences of Oriental Bittersweet (Celastrus orbiculatus) 
Milani Chatterji-Len1 

1Walt Whitman High School, Bethesda, MD 
 
Introduction 
 Oriental Bittersweet (Celastrus 
orbiculatus), also known as Asiatic 
Bittersweet, is a prolific invader in the 
eastern United States (Leicht-Young et al. 
2013). It is a high-climbing, deciduous vine 
with 2”-5” circular leaves that are pointed at 
the tips. The vine flowers from May to June, 
and has orange pods from September to 
December. Songbirds, ruffed grouse, 
pheasants, bobwhites, and fox squirrels 
consume the fruits, thereby distributing the 
seeds (Petrides 1986). 
 Bittersweet has the potential to be a 
severe threat to hardwood succession forests 
in the northeastern United States. It can 
damage young trees by stem girdling, 
“strangling” the trees. Oriental Bittersweet 
also increases a tree’s risk of ice damage by 
weakening the bark and ultimately may 
cause death by preventing light from 
reaching the tree (McNab & Meeker 1987). 
It is shade tolerant, has a rapid growth 
response, and a high germination rate. These 
characteristics allow Oriental Bittersweet to 
adapt to varying environments, which 
fosters its growth and competition with 
native species (McNab & Loftis 2002). As a 
twining vine, Oriental Bittersweet requires 
little support to begin parasitizing species, 
though some tree species may have 
characteristics that facilitate its growth 
(Ladwig & Meiners 2010). For example, 
trees with rough bark, such as sugar maple 
or white pine, may provide attachment 
points for Bittersweet vine scaling as would 
smaller diameter trees. Conversely, trees 
with peeling bark, like birch, may limit 
Bittersweet vine scaling, along with trees 
that generally provide a lot of shade like 
coniferous species. 

  The interaction between mechanical 
parasites like Oriental Bittersweet and its 
hosts is more physically intimate than most 
plant relationships with both the vines and 
the tree hosts strongly influenced by each 
other in terms of growth and development 
(Talley et al. 1996). Bittersweet has been 
expanding its range and disturbing more 
populations in the past few decades, so it is 
important to know which trees the vines 
choose as hosts and what factors make 
certain trees more susceptible to Bittersweet 
parasitism (McNab & Meeker 1987). With 
this knowledge, it may be possible to 
develop solutions to stem the overabundance 
of Oriental Bittersweet in the eastern United 
States. 
 To investigate the effects of tree host 
characteristics on Bittersweet vine growth, I 
surveyed areas containing large populations 
of Bittersweet and assessed trees in the area 
for Bittersweet presence and absence using 
multiple parameters. Populations of 
Bittersweet were surveyed at the Huyck 
Preserve in Rensselaerville, New York. The 
forests at the Preserve are comprised of 
deciduous and coniferous habitats, both of 
which contain Oriental Bittersweet vines. I 
predicted more Bittersweet vines climbing 
trees with small trunk diameters. As trunk 
diameter increases, I think that the vines will 
struggle to grip the tree, inhibiting their 
growth. Vines also require attachment points 
for scaling a tree, so I expect to find a 
greater abundance of vines on trees with 
rough rather than smooth bark (Ladwig & 
Meiners 2010). In contrast, I do not expect 
to observe many Bittersweet vines on trees 
with peeling bark because the crevices that 
serve as attachment points frequently peel 
off of the tree. Since Oriental Bittersweet 
can take over and ultimately kill trees, I 
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reason that overall tree condition will 
decrease with the presence of Bittersweet 
(McNab & Meeker 1987). I also expect to 
find greater vine growth on deciduous rather 
than coniferous trees. In most coniferous 
forests, it seems that less light reaches the 
understory, which will most likely limit vine 
growth in that area. 
 
Methods 
Site Selection 
 I selected six different areas on the 
Huyck Preserve in Rensselaerville, New 
York, to survey for Oriental Bittersweet 
growth. Once I reached an area where there 
were Bittersweet vines growing on at least 
four trees in clear sight, I began to census 
the trees in that vicinity. I focused on tree 
species common at the Huyck Preserve 
based on the most recent tree survey at the 
Preserve (Wyman et al. 1988). These species 
included: American Beech (Fagus 
grandifolia), Sugar Maple (Acer 
saccharum), White Ash (Fraxinus 
americana), Red Oak (Quercus rubra), 
Hemlock (Tsuga canadensis), Quaking 
Aspen (Populus tremuloides), White Birch 
(Betula papyrifera), Basswood (Tilia 
americana), Red Pine (Pinus resinosa), 
Scotch Pine (Pinus sylvestris), Norway 
Spruce (Picea abies), and White Spruce 
(Picea glauca). 
 
Data Collection 
 For each tree, I noted the common 
name, circumference at breast height, 
number of Oriental Bittersweet vines 
climbing it, and overall condition. I used a 
tape measure to find circumference at breast 
height in centimeters and later used 
Microsoft Excel to convert the 
measurements to diameter at breast height 
(DBH) by dividing by 3.14159, a rounded 
approximation of π. When a tree branched 
off before breast height, I counted each 
trunk as a separate tree. When a vine 

branched off into two segments, I still 
counted it as one vine. I rated overall 
condition on a scale of 1 to 5: a 1 is a tree 
near death, and a 5 is a healthy tree with no 
visible limits to its growth. 
 
Data Analysis 
 To test my hypothesis that vines 
prefer thinner trees, I compared 
measurements of DBH with measurements 
of vine growth. In order to assess how bark 
type affects vine growth, I grouped the trees 
into rough- (Basswood, Hemlock, Norway 
Spruce, Red Oak, Red Pine, Scotch Pine, 
Sugar Maple, White Ash, White Pine, White 
Spruce), smooth- (Gray Birch, Quaking 
Aspen), and peeling (White Birch) -barked 
based on observation, and then compared 
the average Oriental Bittersweet growth of 
the three groups. I tested tree condition’s 
effect on vine growth by comparing the 
average number of Bittersweet vines on 
trees of condition 1 to 5. Finally, I tested the 
difference between the number of vines on 
coniferous and deciduous trees, using the 
average number of vines found on each type 
of tree as the dependent variable. 
 
Results 
 Over a span of five days, I surveyed 
183 trees, 121 of which supported Oriental 
Bittersweet vines. The average for the 
number of Oriental Bittersweet vines across 
all tree species was 4.109 vines per tree. 
White Birch, Red Oak, and White Ash trees 
had the most Bittersweet vines scaling them, 
with greater than 4.5 vines on average 
(Figure 1). Hemlock and White Spruce held 
the least amount of vines, with less than 2.9 
vines on average (Figure 1). Additionally, 
Bittersweet preferred deciduous to 
coniferous trees, as there was a 0.949 
difference between the number of vines 
growing on deciduous trees versus the 
number on coniferous trees (Figure 2). I 
found a greater average number of Oriental  
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Figure 2. Graph shows the comparison between average 
number of Oriental Bittersweet vines on deciduous and 
coniferous trees. Sample size listed below type of tree. 

 

Figure 3. Bark type versus average number of Oriental 
Bittersweet vines, for peeling-, smooth-, and rough-barked 
trees. Sample size and standard error listed beneath each bar. 
White irch counted as peeling, gray birch counted as smooth, 
and all other species counted as rough. 

b

Figure 1. Tree species and average number of Oriental 
Bittersweet vines shown. Sample sizes listed beneath 
respective tree species. Note that only trees with a sample 
size greater than three are included. 

 

Bittersweet vines on peeling- and smooth-
barked trees than on rough-barked trees 
(Figure 3). Peeling- and smooth-barked trees 
had close averages of Bittersweet vines, 
only being 0.286 vines apart (Figure 3). 
There was also a general negative 
relationship between tree condition and 
average number of Oriental Bittersweet 
vines (Figure 4). However, the relationship 
between trees with a rating of 2 and 3 is 
reverse compared to the trend of the graph. 
There was no relationship (r2= 0.0061) 
between diameter at breast height and 
Oriental Bittersweet vines (Figure 5). 
 
Discussion 
 Of the fourteen recorded species, 
White Birch, Red Oak, and White Ash, in 
decreasing order, held the greatest number 
of Oriental Bittersweet vines, on average 
(Figure 1). Hemlock held the least number 
of Bittersweet vines, on average (Figure 1). 
 Additionally, Oriental Bittersweet 
preferred deciduous to coniferous trees. 
Most forest areas contain either deciduous or 
coniferous trees, but not both, so it is 
possible that the deciduous areas I surveyed 
happened to have more Bittersweet vines, on 
average, than the coniferous areas. However, 
there is probable reason for why Bittersweet 
thrived more on deciduous trees than on 
coniferous trees. I also observed that 
conifers generally prevent a great amount of 
light from reaching the understory, which 
causes less undergrowth to develop beneath 
them. Therefore, less Bittersweet would 
grow, and fewer trees would have many 
vines scaling them. Another possibility is 
that the soil quality in coniferous forests is 
not optimal for Oriental Bittersweet growth. 
Bittersweet prefers circumneutral soil, but 
the needles from pine, spruce, and hemlock 
trees cause the soil to become more acidic 
(Alfredsson et. al. 1998). Because deciduous 
trees do not have these same light- and soil-
affecting traits, the vines may be more 
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Figure 5. 183 trees plotted with their diameter at breast height 
and the number of Oriental Bittersweet vines scaling them. 
Trend line shown, with an r2 value of 0.0061. 

 

Figure 4. Tree condition represented on a scale from 1 to 5 on 
the x-axis, in order of increasing condition. Sample size listed 
below each tree condition. Average number of Oriental 
Bittersweet vines as the dependent variable. 

abundant on deciduous rather than 
coniferous trees. 
 Contrary to what I expected, 
Bittersweet preferred trees with peeling and 
smooth bark to trees with rough bark. It is 
possible that Oriental Bittersweet does not 
need large crevices to latch onto. Although 
previous studies show that twining vines 
prefer rough barked trees, Bittersweet may 
be an exception (Ladwig & Meiners 2010). 
It may have enough adaptive traits that it no 
longer needs indents for grips on trees, 
which would mean it would grow as easily 
on smooth- as on rough-barked trees. It is 
also possible that Bittersweet begins to grow 
on rough stems before transferring over to 
smooth trees. However, this is less likely 
because then the trees with rough bark 
would also have had that vine included in 
their vine count, thus making the average 
number of vines on smooth- and rough-
barked trees similar. 
 As predicted, tree condition varied 
negatively with average number of Oriental 
Bittersweet vines. This may be the case 
because Bittersweet can more easily 
dominate trees in poor condition. If a tree is 
already weakened, the vines would probably 
be able to reach the canopy faster because 
branches are not in the way. Another 

consideration is that trees in poor condition 
may already have vines growing on them. 
Previous studies have shown that trees with 
vines present are more likely to host new 
vines because of ease of attachment (Ladwig 
& Meiners 2010). For this reason, 
Bittersweet may parasitize trees in poor 
condition from previous detriments to their 
development. However, the relationship 
between tree condition and average number 
of Oriental Bittersweet vines is potentially 
reversible. It could be that trees are in poor 
condition because they support a great 
number of Bittersweet vines, and trees are 
healthy because they do not support 
Bittersweet. The two measures are most 
likely interdependent instead of the average 
number of vines depending on tree 
condition. 
 Diameter at breast height of the host 
tree and the number of Oriental Bittersweet 
vines climbing the tree showed little 
correlation. The two measurements may not 
affect each other because Oriental 
Bittersweet vines cannot distinguish 
between wider and narrower trees, and 
therefore climb both equally. However, 
Bittersweet may begin to grow on trees 
when they are younger and have smaller 
DBHs. It may also grow on stems with small 
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DBHs until it is supported, and then transfer 
to larger trees. 
 
Further Research 
 Since Oriental Bittersweet is 
destroying trees and spreading at a fast rate, 
it increasingly important that research is 
conducted to find which trees they parasitize 
the most. From this information, it will be 
possible to find ways to prevent Bittersweet 
growth, which is the first step to stopping 
the spread of Bittersweet throughout the 
eastern United States. If its invasion is 
allowed to continue, Oriental Bittersweet 
has the potential to throw ecosystems off 
balance and ultimately endanger tree species 
and their dependents (Campanello et. al. 
2007). 
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Sap Tree Feeding Preferences of the Yellow-bellied Sapsucker (Sphyrapicus varius) 
Kaija Gahm1 

1Newton North High School, Newton, MA 
 
Abstract 
The Yellow-bellied Sapsucker, an ecologically important species, drills holes into trees to feed 
on sap. To test factors influencing sapsuckers’ choices of sap trees, trees in 11 plots representing 
6 sapsucker territories were surveyed for damage. Damage was related to tree species and 
diameter at breast height. Sapsuckers were found to prefer basswood, hemlock, and juneberry 
trees, and they preferred native species over introduced trees. There was no evident correlation 
between tree diameter and the presence or amount of sapsucker damage, though trees below a 
certain diameter showed no damage. The results of this study suggest pronounced differences 
from other similar surveys, signifying a possible regional difference in sap tree preference; but 
an overall lack of consistent results across studies may indicate that factors other than species 
play a considerable role in sapsuckers’ choice of trees.  
  
Introduction 
 The Yellow-bellied Sapsucker 
(Sphyrapicus varius) is a large woodpecker 
that inhabits forests of North America. Its 
summer range extends across Canada and 
the northeastern United States, and it 
migrates to the southern United States, 
Mexico, and Central America in the winter 
(Stokes 2010). During its summers in the 
north, the sapsucker establishes breeding 
territories, which males delineate using calls 
and by drumming on trees or other hard, 
resonant surfaces (Kilham 1962). 
 Although like other woodpeckers the 
Yellow-bellied Sapsucker does eat insects, 
tree sap makes up a large portion of its diet. 
It drills shallow holes into tree bark, where it 
probes the bark for sap. The holes are placed 
in rows around the tree, creating a 
distinctive pattern. Damage to a single tree 
is often extensive, and sapsuckers have often 
been condemned as pests for their damaging 
behavior (Tate 1973).   
 Despite the damage inflicted by their 
drilling behavior, Yellow-bellied Sapsuckers 
provide benefits to other species. Their 
sapwells provide a key food resource to sap-
feeding insects and other animals (Daily et 
al. 1993, as cited in Eberhardt 2000). 
Notably, Ruby-throated Hummingbirds 

depend on the sap and often nest close to 
sapsuckers in order to benefit from the 
birds’ sapwells (Walters 2002). 
Additionally, sapsuckers provide important 
nest sites for cavity-nesting birds, mammals, 
and insects, which use nest holes excavated 
by sapsuckers once the sapsuckers have 
abandoned them (Walters 2002). 
Understanding sapsuckers and the vital role 
they play in their ecosystems is therefore an 
important part of understanding and 
protecting those ecosystems as a whole. 
Sapsuckers’ feeding preferences are 
important indications of the birds’ roles in 
their habitats and their connections to other 
species. 
 At the Huyck Preserve, Yellow-
bellied Sapsuckers are prevalent (pers. obs.). 
The Preserve’s deciduous and coniferous 
forest areas provide ample habitat for the 
bird, and on almost any trail, sapsucker 
damage is evident on trees. Having seen 
sapsuckers in some areas more than others, 
and having noticed extensive sapwell 
damage on certain species and no damage 
whatsoever on others, I asked the following 
question: Within their territories, which trees 
do Yellow-bellied Sapsuckers prefer as food 
sources, and which factors influence their 
preferences? 

 6
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 Eberhardt (1994, as cited in Walters 
2002) found that high sucrose concentration 
in tree sap was more important than sap flow 
in sapsuckers’ choices of sap trees, although 
Zatkin (1991) found sucrose content to be 
irrelevant to sapsucker preference. Eberhardt 
(2000) found that sapsuckers preferentially 
drilled sap holes in paper birch (Betula 
papyrifera), red maple (Acer rubrum), 
bigtooth aspen (Populus grandidentata), and 
juneberry (Amelanchier sp.) trees, all four of 
which are numerous at the Huyck Preserve. 
McLenon (1997), however, in a study that 
took place in Michigan, found preference for 
Scotch pine (Pinus sylvestris), jack pine 
(Pinus banksiana), red pine (Pinus 
resinosa), and paper birch, of which only the 
latter two are present on the Huyck Preserve. 
Kilham (1964) observed heavy sap drilling 
on birch trees and used these trees as 
subjects of his investigation. Of these 
studies, only McLenon’s (1997) included 
tree diameter as a variable, but her 
conclusions were limited due to a small 
sample size. Although a few trees seem to 
be widely favored by sapsuckers, there is 
great overall variation in preferred tree 
species. By surveying trees in twelve plots 
for sapsucker damage, I investigated how 
sapsucker preferences at the Huyck Preserve 
compared to those investigated in other 
studies, looking at tree size and condition as 
additional potential factors in sap tree 
selection.  
 As sugar provides birds with an 
essential energy source, I predicted that 
sapsuckers would prefer birch and maple 
trees; these trees are known for their sweet 
sap, which is used, respectively, to make 
birch beer and maple syrup. Prior to this 
study, I observed extensive damage to 
basswood and hemlock trees and therefore 
expected that sapsuckers would also show a 
preference for these species. Furthermore, I 
predicted that sapsuckers’ preferred trees 
would likely be native species, rather than 

introduced, because native trees would be 
more easily recognized as a food source and 
the birds would be adapted to feed on these 
species. I also predicted that birds would 
target larger trees more readily than smaller 
ones for greater efficiency in feeding and 
perhaps a more long-lasting sap supply.  
 
Methods 
Site selection 
 I chose territories by going to areas 
where I had previously seen sapsuckers, 
heard their calls, or seen trees with damage. 
Using a smart phone and a portable speaker, 
I played sapsucker drumming noises on and 
off for several minutes. If no sapsuckers 
responded, I moved to a different area. If the 
birds responded by drumming or with 
vocalizations and agitated movement, I 
mapped an area of the territory large enough 
to contain two study plots. By continuing to 
drum and receive responses from the birds 
as I laid out the plots, I ensured that the plots 
fell within the boundaries of the territory.  
 
Tree census 
 After determining six sapsucker 
territories in various parts of the Preserve, I 
marked two 20 x 20 meter plots in each 
territory. Then I surveyed the trees in each 
plot, recording their species, level of 
sapsucker damage, condition, diameter at 
breast height (DBH), and any other notes or 
relevant points about the tree. Species was 
determined on-site with a field guide, from 
prior knowledge, or from a written 
description after the fact. Sapsucker damage 
was assessed from the ground with the 
naked eye, or with binoculars if necessary. 
Trees were marked with white flags to avoid 
double counting.  
 I put trees into three categories based 
on the extent of sapsucker sapwell drilling 
that I could see. Damage was classified as 
“none” if no sapwells were visible. Trees 
that showed sapwell damage (hereafter 
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referred to as S-trees) were classified as 
having “some” damage if just a few rows of 
sapwells were visible. These isolated rows 
are exploratory; if they prove productive, the 
sapsuckers may drill more and more rows, 
creating their distinctive grid-like pattern 
(Tate 1973). S-trees were recorded as having 
“lots” of damage if a single tree had been 
visited repeatedly and displayed many rows 
or columns of sapwells. In two cases, no 
sapwells were visible, but a sapsucker was 
seen tapping on the tree. In these cases, 
“some” damage was reported.  
 DBH was measured in centimeters 
with a diameter tape (if available) or a 
regular measuring tape. In the latter case, the 
circumference measurement was divided by 
an approximation of π (3.14159) and 
rounded to one decimal place to yield a 
measurement of the diameter in centimeters. 
Trees with trunks that split below breast 
height (1.37 m) were counted as separate 
trees. 
  
Data Analysis 
 First, I tested to see which tree 
species sapsuckers preferred. I graphed two 
relationships. The first was the percentage of 
all surveyed trees that were of each species. 
To calculate this, I used the following 
equation: 











sampledtreestotal

Yspeciestree
Yspeciestree

#
#%  

 
 Next, I graphed the percentage of S-
trees for each species using the following 
equation: 

treesStotal

YspeciestreesS
YspeciestreesS

-#
-#-% 

 
 I compared these two relationships 
for each tree species to determine sapsucker 
preference. A higher percentage of S-trees 
than percentage of overall trees for a 
specific species would indicate that 

sapsuckers seek out the particular tree 
species to feed on, as opposed to feeding on 
it with a frequency proportional to that with 
which it occurs in the forest. By comparing 
these two relationships for each species, I 
was able to test my hypothesis that 
sapsuckers would prefer birches and maples, 
as well as the hypothesis that native species, 
rather than introduced, would be preferred.  
 To test the hypothesis that 
sapsuckers would prefer larger trees to 
smaller ones, I graphed each tree’s level of 
damage versus its DBH. I excluded trees 
with a DBH smaller than 7.9 cm 
(circumference ≈ 25 cm) from my analysis. 
This cutoff was determined arbitrarily due to 
an observed lack of damage on smaller trees, 
and it was implemented in the field in the 
first few plots I surveyed (in which I 
measured trees’ circumference at breast 
height and later divided by π). Later, due to 
the inconsistency in measuring equipment, 
some smaller trees were included in my 
survey by accident. To account for this 
inconsistency, these data points were 
removed when I analyzed my data.  
 
Results 
 I sampled 351 trees in 11 plots (one 
plot was excluded due to time constraints 
and its makeup of mostly small trees, upon 
which I had observed no damage 
whatsoever).  
 Of the trees sampled, sugar maple 
was the predominant tree species, 
comprising 28% of trees sampled (Figure 1).  
Beech, aspen (bigtooth and quaking), black 
cherry, birch (yellow and paper), red oak, 
pine (red and white), and the maple species 
of red, striped, and mountain comprised less 
than 2% of the total trees across territories 
(Figure 1). There were thirty-nine S-trees 
(Figure 1); juneberry (35.9%), basswood 
(28.2%), and hemlock (15.4%) were the 
species predominantly favored by 
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Figure 1. The percent abundance of each tree species out 
of all trees surveyed (blue) and out of all S-trees (red). 
"Other" includes beech; bigtooth and quaking aspen; black 
cherry; mountain, red, and striped maple; paper and yellow 
birch; red oak; and red and white pine. 

Figure 2. Diameter at breast height (DBH) versus the 
amount of sapwell damage on each tree. Sapwell damage 
is categorized as none (1), some (2), or lots (3).  

sapsuckers (Figure 1) showing the most 
damage across tree species surveyed.  
 Most of the trees surveyed did not 
show sapwell damage (were not S-trees). 
The range of diameters in trees with “some” 
damage was from 11.5 cm to 53 cm. The 
range of diameters in trees with “lots” of 
damage was from 11.5 cm to 55 cm. No 
trees below 11.5 cm showed any damage.  
 
 

Discussion 
 The data supported my prediction 
that hemlock and basswood would be among 
sapsuckers’ preferred tree species, and 
juneberry was also chosen as a favorite. A 
slight preference was also shown for 
hemlock. Although I had hypothesized that 
birch and maple trees would be favored, 
none of the sapsucker trees were birch, and 
only 10.26% of the total S-trees were sugar 
maple.  
 
Quality of territories and sapsucker tree 
preference 
 That sapsuckers’ preferred tree 
species do not correspond with the species 
most abundant on their territories suggests 
that sapsucker territories may be chosen on 
the basis of something other than preferred 
sap trees. It is possible that suitable nest 
trees are of a higher priority in territory 
selection than food trees, or sapsuckers 
could be choosing territories based on the 
abundance of favored insects, as these are 
also an important food source for raising 
young (McLenon 1997). Whatever the 
cause, sapsuckers’ selectiveness also means 
that threats to their preferred tree species 
could potentially cause problems. For 
example, hemlock wooly adelgid, an aphid-
like insect from Asia, is currently spreading 
across the northeastern United States. It is a 
serious threat to hemlock trees, and the trees 
seem to have no natural defense to the insect 
(Orwig and Foster 1998). Wooly adelgid has 
recently reached the Huyck Preserve, and if 
it severely compromises the hemlock 
population, sapsuckers dependent on small 
numbers of hemlock trees may be forced to 
shift their territories or choose different food 
trees. Either of these results could have 
implications for species dependent on the 
sapsucker and for the ecosystem as a whole.  
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Regional variation in sapsucker tree 
preference 
 This study also suggests regional 
variation in sapsucker sap tree preference. 
McLenon (1997) and Eberhardt (2000), 
whose studies were based in Northern 
Michigan, found tree feeding rates radically 
different from each other and from the 
current study, with the only overlap being 
Eberhardt’s (2000) finding of a preference 
for juneberry trees. The disparities among 
all three studies could be due to climate or 
habitat differences. Ecosystems in Michigan 
could be more dominated by other 
woodpecker species or other animal species 
that cause Yellow-bellied Sapsuckers to feed 
on trees other than those that they prefer, or 
this could be true of the territories 
investigated in the current study. The 
sapsucker’s varying tree preference could 
also be due to factors besides the trees’ sap, 
including insect populations or tree location 
and microclimate. Further research could 
test for sap tree species preference in yet 
more areas of the Yellow-bellied 
Sapsucker’s range and could investigate 
other factors that may cause differences in 
preferred tree species over even a small 
geographic range.  
 I predicted a preference for native 
tree species over introduced species. Plots 
were selected randomly within sapsucker 
territories, and by chance, only one 
introduced species, Norway spruce, was 
included in my sample. Norway spruce was 
not favored, with only one tree showing 
damage, and as predicted, all of the 
sapsuckers’ preferred tree species were 
native. This is to be expected; one of the 
main problems with introduced and invasive 
species is that ecosystems have not evolved 
to incorporate them. That sapsuckers did not 
feed on Norway Spruce may simply indicate 
that they are used to feeding on species that 
are part of their natural ecosystems or that 
they do not even recognize the introduced 

species as food. Ideally, further research on 
this topic would focus specifically on 
introduced species and would attempt to 
incorporate more than one species into the 
study.  
 
Sapsucker damage and DBH 
 Above a minimum diameter, there 
were no correlations between tree diameter 
and sapsucker damage. All categories of 
damage were found on a wide range of tree 
sizes. There are some outliers in the 
categories of “some” and “lots” of damage, 
and it is possible that removing these 
outliers and taking an average might yield a 
slight difference between the two categories 
of damage; however, even though this data 
was not analyzed, I do not predict that a 
relationship exists.  
 However, S-trees did show a 
minimum diameter, with no S-trees having a 
diameter less than 11.5 cm. No studies that I 
have found show a difference in sap flow 
based on tree diameter, suggesting that sap 
flow is not a factor in sapsuckers’ preference 
for large trees, and I can only speculate on 
the reasons for this 11.5 cm cutoff. 
Sapsuckers may target trees with larger 
diameters because these trees may be able to 
more easily survive the damage caused by 
the sapsucker's drilling. Thus, to prolong the 
tree's lifespan and maintain a productive 
food source, sapsuckers may be choosing 
larger (>11cm) trees for drilling. 
Alternatively, avoidance of smaller trees 
may be related to such factors as trunk 
curvature or tree movement that could make 
drilling difficult.  
 In measuring tree size and sapwell 
damage, it is important to note that 
sapsucker activity on individual trees was 
not monitored, and sapwells currently in use 
were not distinguished from abandoned 
sapwells. Tree growth and changing trunk 
diameter likely limited the usefulness of this 
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data in determining whether diameter is a 
factor in sapsuckers’ choice of sap trees.   
 
Conclusions 
 As an ecological keystone species, 
Yellow-bellied Sapsuckers play an integral 
role in the ecosystems across their range. 
Understanding their food preferences and 
their adaptability to different habitats and 
food sources increases our awareness of 
their role and the potential effects of habitat 
changes on them and the other species that 
depend on them. Further research might 
shed light on the role of intrinsic factors like 
tree species versus external factors (e.g. tree 
size, microclimate, and sap flow) on the 
selection of sap trees by Yellow-bellied 
Sapsuckers. Causes for the geographic 
variation of sap tree preference, as well as 
the potential effects of the elimination of 
favored tree species, could also be 
investigated. 
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Lepidoptera at the Huyck Preserve 
Jessica Andreone1 

1Greenville High School, New York 
  
Abstract 
 A variety of Lepidoptera are present at the Huyck Preserve but a survey of the species 
present, including whether any are rare or species of concern, has not been done. I survyed 
Lepidoptera using fake flowers baited with sugar water to attract and capture butterflies and 
florescent lights to attract and capture moths. Upon capture I identified each species and 
calculated the number of each species that I caught. My findings suggest a high variety of 
Lepidoptera on the Huyck Preserve with a total count of 14 different species over three days.  I 
did not, however, capture any rare species or species that are that are considered to of concern by 
the New York State Department of Environmental Conservation. 
 
Introduction 
 Lepidoptera, a order of insects that 
includes both moths and butterflies, are 
important for both plants and animals in an 
ecosystem. For example, parasitic wasps 
depend on Lepidoptera young (caterpillars) 
to reproduce (Jervis et al. 2001). 
Additionally, birds rely on the caterpillars 
and the adult Lepidoptera to feed themselves 
and their young (Visser et al. 2006). 
Lepidoptera are also major pollinators of 
many plant species enabling plant 
reproduction.   
 At the  Huyck Preserve, Lepidoptera 
are abundant during the spring and summer. 
Despite, their abundance, a comprehensive 
study of Lepidoptera populations has yet to 
be conducted at the Preserve. Population 
surveys are useful for determining what 
species are present in an area, if there are 
any changes in migratory patterns of 
Lepidoptera species, and can indicate when 
invasive species arrive in an area. Surveys 
are especially important when considering 
the changing climate in the Northeast over 
recent years resulting in increasing 
temperatures, earlier and longer summers, 
and milder weather. Due to the milder and 
warmer climate, Lepidoptera may migrate 
North earlier, lay eggs earlier, and have a 
longer mating seasons.  

 Personal observations at the Huyck 
Preserve indicated several different 
Lepidoptera species  including the white 
spot moth (Hypagyrtis unipuntata), the 
toothed brown carpet moth (Xanthorhoe 
iacustrata), confused eusarca (Eusarca 
confusaria), the tiger swallowtail butterfly 
(Papilio glaucus), and the monarch butterfly 
(Danaus plexippus). Using formal surveying 
methods, I added to these observations to get 
a more comprehensive account of the 
Lepidoptera species at the Huyck Preserve. 
Furthermore, I compared my species counts 
to those highlighted by the New York State 
Department of Environmental Conservation 
to determine if any rare species or species of 
concern were present at the Huyck Preserve. 
 
Methods  
 To collect/attract butterflies, I used 
fake flowers constructed out of a 1 inch 
diameter circular piece of construction paper 
(colored red, yellow, or orange) glued to a 
20ul micropipette tips. A small hole was 
poked through the construction paper into 
the mouth of the pipette and a sugar water 
solution (4 cups water: 1 cup sugar) was  
injected into the tip. The "flowers" were 
then placed in areas with high butterfly 
abundance (pers. observation) and 
butterflies visiting the flowers were captured 
using a butterfly net. Butterflies were placed 
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Prevalence of Beech Bark Disease at the Huyck Preserve  
Jaehyun Lee1 

1Arnold O Beckman High School, California 
 
Introduction 
 Beech tree is one of deciduous trees 
in the family Fagaceae, native to many parts 
of the world, including Europe, Asia, and 
North America. Beeches commonly exceed 
35 meters in height and l.5 meters in 
diameter at breast height at their full-growth. 
The leaves of beeches are toothed and wide 
and the bark of the beeches is smooth and 
light grey (Runkle 2005). 
In mid-1800s, beech bark disease was first 
documented in Europe. In early-1900s, the 
disease was introduced into Eastern North 
America through imported beech trees from 
Europe (Blanchardand Tattar 1981). After 
the first outbreak of beech bark disease in 
Nova Scotia, the disease was spread into 
Eastern United States, including New York, 
in the1950s. Now, the disease is also 
reported in many states in the Mid-Eastern 
United States. The impact of beech bark 
disease is still apparent (Runkle 2005). 
 Beech bark disease (BBD) is caused 
by the beech scale insect Cryptococcus 
fagisuga and two different fungi, Neonectria 
faginata and Neonectria ditissima. When C. 
fagisuga attacks the bark it creates a wound 
through which the fungi infect the trees 
forming cankers (Houston 2005)  New 
cankers continue to form as more years pass. 
The accumulation of cankering on an 
individual tree leads to the wilting of leaves, 
loss of twigs and branches, crown breakage, 
and eventual death (Boyce 1961).  
 At present, it seems that BBD is 
likely to become established everywhere 
within the range of beech that remains above 
–37 °C, the fatal temperature for 
Cryptococcus (Tainter and Baker 1996). 
Forest stands containing a high density of 
beech trees are a major contributor to the 
dispersion of the scale insect (Lavallée 

1974). Though one way to stop the 
spreading of disease is to control for the 
number of the beech scale insects by using 
the only known predator of the beech scale 
insect, Chilocorus stigma.  
 BBD was first observed at the Huyck 
Preserve in late 1950s to mid 1960s after its 
arrival in New York and has likely spread 
throughout all of the beech stands present at 
the Preserve. I surveyed beeches at several 
sites in the Huyck Preserve in order to 
determine current BBD infection. 
 
Methods 
 287 beeches were evaluated for the 
presence or absence of BBD  across six sites 
including: the hemlock stand around the 
Lincoln pond (site 1), a site off of Ordway 
Trail leading to the Carey Center (site 2), a 
white pine stand on Partridge Path Loop 1 
(site 3), a site at the beginning of Partridge 
Path Loop 2 near Loop 1 (site 4), Partridge 
Path Loop 2 (site 5), and Lake Myosotis at 
the spillway (site 6). A minimum of 50 trees 
were surveyed in each stand unless there 
were fewer than 50 trees in which case all of 
the trees in each stand were evaluated. Trees 
were selected randomly throughout the stand. 
Percentages of beeches infected were 
calculated for each stand by dividing the 
total number of infected individuals by the 
total number of trees counted in the site. 
Additionally, I calculated the total number 
of infected trees across sites (at the Huyck 
Preserve as a whole) by dividing the total 
number of trees by the total number of trees 
evaluated in the study. 
 
Results 
 Beech stands at the Preserve showed 
high infection rates all sites except for site 5, 
showing more greater than 70% infection 

 15 



Volume 2: 15-17, 2013 
Journal of Wildlife Ecology Research 
© Huyck Preserve and Biological Research Station, 2013 
 
(Figure 1). Site 5, however, displayed only 
25% infection (Figure 1). Across all sites, 
the Preserve averages a 60.3% infection rate 
(Figure 2). Of the 39.7% of the beeches that 
were uninfected, most of them were young 
adult trees or sapling above 3 meters (pers. 
obs.)  
 
Discussion: 
 On average 60.3% of the beech 
surveyed at the Preserve showed signs of 
BBD infection with the least infected trees 
located off of Partridge Path Loop 2. There 
was, however, no discernable pattern in 
beech infection with sites located quite near 
to each other showing varying levels of 
infection, or in the case of site 5, very little 
infection. All together, these results 
suggested that the Huyck Preserve has a 
severe beech infection and likely many 
beeches since the initial infection in the mid-
late 20th century have died off.  
            Beeches are one of the most 
predominant tree species in North Eastern 
America and at the Huyck Preserve. Their 
decline will likely result in large scale 
alterations to the forest landscape with 
impacts on the many animals and insects 
that depend on beeches for shelter and food.   
 Many areas in the Eastern United 
States are likely to show similar progression 
as BBD becomes more prevalent. Since 
beech trees are one of predominant tree 
species in the Eastern United States, the 
disease could rapidly spread and lessen the 

size of beeches colonies resulting in various 
levels of forest succession. Yet, the future 
composition of the forest remains uncertain  
because other infectious tree diseases and 
pests a such as hemlock woolly adelgid and 
emerald ash borer which are killing off 
hemlock and ash trees respectiviely, and 
other invasive plant species like oriental 
bittersweet, purple loosestrife, and multi-
flora rose which can contribute to shape 
newly emerging forests.  
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Figure 1. The percentage of infected trees at the six sites surveyed at the Huyck Preserve. Sites included the 
hemlock stand around the Lincoln pond (site 1), a site off of Ordway Trail leading to the Carey Center (site 2), a 
white pine stand on Partridge Path Loop 1 (site 3), a site at the beginning of Partridge Path Loop 2 near Loop 1 
(site 4), Partridge Path Loop 2 (site 5), and Lake Myosotis at the spillway (site 6). 

 
 

Figure 2. Percentage of infected (red) and uninfected (blue) beech across all sites at the Preserve.  
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Beech Bark Disease at the Level of the Individual at the Huyck Preserve 
Jeffrey Chiu1 

1Shanghai High School International, China 
 
Abstract 
 American beech tree, Fagus grandifolia, is infected by the deadly Beech Bark Disease 
across its range. Previous studied have indicated correlations between BBD severity and the 
maturity of individual trees as well as the tree canopy cover. I investigated the relationship 
between the BBD (beech bark disease) and canopy cover and maturity of individual beech trees 
looking for a  distribution pattern in the severity of BBD across Huyck Preserve.  I also 
attempted to determine if the effect of BBD on these beech trees at the individual level could 
yield a greater picture of the severity of BBD in beech stands at the Preserve. I sampled beech 
across the preserve for the , severity of BBD infection , beech canopy cover, and the maturity of 
trees using diameter at breast height as a proxy for age.  There was clear negative relationship 
between canopy coverage and BBD, but no consistent correlation was found between maturity 
and BBD.  
 
Introduction 
 The American Beech tree, Fagus 
grandifolia, is in severe decline across its 
range as a result of the Beech Bark Disease 
(BBD) leading to altered forest composition 
and ecological environment. F. grandifolia, 
is a species of large deciduous tree when 
mature can reach heights of 27~30 meter ( 
90~100 feet) and canopy diameter of  15~21 
meter (50~70 feet)( Davey 2001). F. 
grandifolia is a native foundation plant 
species across eastern north America that 
supports an abundance of native organisms 
by providing food source and shelter (Native 
Plant Database. 2009). The abundant 
presence of the American Beech tree in 
Eastern North America echoes its 
importance in the forest eco-system in the 
hemisphere. There is urgency across the 
board to impede the spread of and eliminate 
the disease from North America to preserve 
the native biodiversity. 
 The scale bug was introduced to 
Nova Scotia from Europe during 1890s by 
ship, and subsequently advanced across 
south eastern Canada and north eastern U.S 
bring along the BBD (Griffin et al. 2003).  
Genetic analysis shows that the fungus N. 
faginata is native to Europe and not North 

America. Beech Bark Disease causes 
80~90% mortality in infected beeches. BBD 
initiates when invasive C. fagisuga’s nymph 
hatches from the patches containing 4~8 
eggs residing in cracks on the barks and 
starts drilling with their stylet, a piercing 
mouthpart. Wounds created by C. fagisuga 
provide dead tree tissues that the Funguses 
N. Faginata and N. Ditissima feed upon. 
(Tackett 2011) The infection produces 
cankers and more cracks on the surface of 
the smooth barks typical of beech, which 
built up over time. The cankers will cause 
branch breakage and leaf wilt, leading to 
mortality. There are 3 common symptoms of 
BBD on beech trees. Most notable is the 
white waxy material on the boles produced 
by the C.fagisuga as an encasing for 
protection and development. Red coating on 
the bark is sign of Nectria fungus attack, 
which has infested in the dead tissues of the 
bark. Lastly, the state of the tree canopy and 
bark is an indicator of the tree’s vigor; a 
canopy suffering from leaf yellowing and 
branch breakage or barks covered with 
cankers have symptoms of infection (Evans 
2002). 
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 The rampant spread of Beech Scale 
Bug throughout North America is not likely 
to be impeded since there is no known 
control. The invasive beech scale insect and 
N. faginata fungus have established or 
effective predator. Although Ladybird beetle 
is known to predate on the beech scale bug, 
yet the ladybird could not stop the invasive 
spread. Winters does not stop Beech Scale 
bug, which have a temperature tolerance 
down to -35 Celsius. C. fagisuga reproduce 
parthenogenetically making stopping their 
reproduction more complicated and tacky. 
(Griffinet al. 2003). The effects of F. 
grandifolia forest by BBD is diagnosed into 
three general state Advancing Front, Killing 
Front, and the Aftermath Zone. The 
Advancing Front consists of areas recently 
invaded by beech scale with larger, older 
trees supporting growing beech scale 
population (Houston & Brien 1983). The 
Killing Front is stands where the forest is 
completely devastated with high density of 
Beech Scale and severe Nectria infection; 
and the Aftermath Zone describe stands after 
BBD attack with few surviving big tree and 
many young trees often defective. BBD was 
found at the preserve in 1978 by J. Runckle; 
after 35 years most Beech stands in Huyck 
Preserve are likely in the aftermath zone 
filled with small to medium trees with 
varying degree of BBD severity. Beech 
stands in the preserve consists of young 
beeches with sparse adult beeches, most 
likely died off due to BBD, overall 
reflecting stands in the aftermath zone after 
BBD attack some time in the past (pers. 
obs.). 
 In this study I determined whether 
the Huyck Preserve is in the Aftermath Zone 
of BBD infection and investigated the 
relationship between BBD and canopy 
coverage and maturity of beech trees. 
Looking at these beeches can bring insight 
into how the BBD affects beechs at the 
Preserve and if there is any propensity of 

infection. Various studies have shown that 
bigger (as measured by diameter), older 
trees have a higher likelihood of dying from 
BBD resulting in stands of defective and 
slow-growing trees (Evans 2002). 
Additionally, I looked to see if larger trees 
were indeed more likely to have BBD if that 
correlation is valid in Huyck preserve by 
assessing if there is a positive relation 
between DBH and severity level of BBD 
infection. If this correlation in Huyck is 
indeed found the Preserve can better fight or 
impede the spread of the BBD in the beech 
stands by controlling the population of 
larger trees. Also, if canopy cover and 
BBD’s relation is in negative correlation we 
can further confirm that beech scale’s 
negative affect on Beech trees. Through the 
data I can also calculate the relative 
infestation of beeches at each 6 sites 
surveyed at the Huyck Preserve and make 
inferences about infection or immunity. 
 
Methods  
 Six beech stands across the Huyck 
Preserve, mostly near trails, were surveyed 
including: the hemlock stand around the 
Lincoln pond (site 1), a site off of Ordway 
Trail leading to the Carey Center (site 2), a 
white pine stand on Partridge Path Loop 1 
(site 3), a site at the beginning of Partridge 
Path Loop 2 near Loop 1 (site 4), Partridge 
Path Loop 2 (site 5), and Lake Myosotis at 
the spillway (site 6). At each site I randomly 
surveyed a minimum of 25 trees for BBD 
severity, canopy coverage, and DBH. I 
calculated the relative maturity of the tree 
with DBH and estimate the health condition 
with canopy cover percentage. Previous 
studies have indicated that DBH, diameter at 
breast height, of mature American beech is 
45.72 (US Forest Service 1990). I visually 
estimated canopy cover percentage, looking 
for any branch breakage and leaf wilt.   
 To record the relative infestation on 
the severity of BBD on each individual tree I  
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used the scale of 0~5. “0” being no sign of 
BBD at all and “5” being a dead beech. “1” 
beeches have sign of Beech scale insect on 
their trunk. “2” tree have signs of both scale 
bug and Nectria fungus with minor 
cankering. “3” represent tree more intense 
than “2” tree and has 30%~70% bark 
surface covered with canker. Up another 
level, “4” tree have cankering surface 
covering above 70% of its bark but still has 
some leaf left. Using these standards a 
relative severity of individual beech tree was 
determined. Averaging the severity of the 
beeches surveyed in each site, I produced 
the severity of a typical tree of a site which 
symbolizes the severity of infection of that 
site. I judged that from 0 & 1 value is a 
lowly infected, good stand, 2 & 3 value is a 
moderately infected, medium stand, and 4 & 
5 value is a highly infected, poor stand. Any 
value in between the integer is rounded.  
 
Results 
 A total of 175 trees were sampled for 
severity of infection, canopy cover 
percentage, and DBH over 6 sites. Using the 
know average adult size of beech trees 
(48.26, U.S. Forest Service 1990) as a 
standard, 5 of the 175 trees surveyed at the 

Preserve were adult, or 2.85% of the beech 
population. All of the 6 beech stands were 
calculated as being moderately infected, 
medium stand, yet there was some variation 
in infection across stands (Table 1).  
Partridge path Loop 2 has Beech stands with 
lowest severity of BBD, while Ordway trail 
have stand with the highest level on 
infection (Table 1).  
 Trees with higher BBD infection had 
lower canopy cover percentage (Figure 1) 
with site 3 (Figure 1C) showing the 
strongest negative correlation compared to 
all other sites (R2= 0.636). There were no 
strong correlations between DBH and BBD 
and the relationship (positive or negative) 
varied across sites (Figure 2).  
 
Discussion 
The six sites surveyed in the Huyck Preserve 
were on average moderately affected by 
BBD with younger trees and those 
displaying low percentage of canopy cover 
having a greater infection severity. 
Comparing each stand’s severity and 
location, there was no apparent patterns of 
BBD distribution across the Huyck Preserve. 
Additionally, only 2.85% of the beech 
population were adults, suggesting that the 

Table  1. Classification of the level of BBD in 6 sites across Huyck preserve.  

Site Name 
Average Level of 
Infection 

Rounded 
Average 

Stand Severity 
Status 

Order of 
low to high 
infection 

1 
Lincoln Pond-Hemlock 
forest stand 2.80952381 3 medium 4 

2 
Ordway trail-stone wall 
beech stand 3.05 3 medium 5 

3 
Partridge path (P.P) Loop 
1- mixed deciduous 3.4 3 medium 6 

4 
P.P Loop 2- blue berry 
shrub 2.08 2 medium 2 

5 
P.P Loop 2- adjacent to 
hemlock 1.611111 2 medium 1 

6 
South side of Lake 
Myosotis 2.083333 2 medium 3 
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A.	 D.

B.	 E.

C.	 F.

Figure 2. The relationship between BBD and tree maturity as measured by DBH, diameter breast height. There was no 
consistent relationship (positive or negative) between maturity and DBH. 	

human or animal dispersion along these 
corridors.   
 The declining of beech tree 
population across North America will likely 
continue an spread. Major native species 
that depend on the beech stands may be lost 
as the beech trees continue to disappear. 
Other studies have shown that soil chemistry 
is changed from the lost of American 
Beeches effecting agriculture and water 
quality (Lovett G. 2004). Countries in 
Europe and North America with beech tree 
as a foundation species should be aware and 
regard BBD as a major problem for the 
beech trees, biodiversity, and economy. 
Action should be devised to help the beech 
tree in combating BBD and rebuilding their 
numbers across their native range especially 
since humans are responsible for bringing 
the devastating BBD to North America, 

making it our responsibility to fight it back 
and restore harmony.  
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The Effects of Beech Bark Disease on Forrest Succession at the Hyuck Preserve 

William Kessler1 
1The Dwight School, New York 

 
Abstract 

 This survey investigated the effects of beech bark disease (BBD) on forest succession in 
the Hyuck Preserve. BBD is the result of the complex of the beech scale insect, Cryptococcus 
fagi, an introduced species from Europe, and one of two fungi: Nectria coccinea var. faginata 
and Nectria galligena. Beech trees, Fagus grandifolia are highly susceptible to the disease and 
experience high mortality rates, drastically altering the composition of an infected forest stand 
(Griffin 2000). BBD currently is present across the entire northeastern United States. The effects 
of BBD on forest succession varies from stand to stand, but can result in the increase of other 
associated hardwoods such as sugar maple, Acer sercerum, and eastern hemlock, Tsuga 

canadensis, or the formation of beech thickets as a result of root suckering (Twery and Patterson 
1984; Runkle 1990). The presence of BBD was first noted in the Preserve by J. Runkle in the late 
1970’s. To test the effects of BBD on forest succession in the Hyuck Preserve, eighteen ten by 
ten meter plots were chosen in six beech stands, surveying both seedlings and saplings number 
and species. The survey showed a predominance of beech seedlings and saplings in all sites 
except one, where striped maple, Acer pensylvenum, was more abundant. Despite this 
inconsistency, the results point towards growing numbers of beech thickets in the Hyuck 
Preserve, which can have an effect on the local ecology.  
 
Introduction 

 In the late nineteenth century, the 
beech scale, Cryptococcus fagi, was 
introduced to North America from Europe. 
With its initial contact in Nova Scotia, the 
beech scale gradually moved south into the 
northeastern United States. By the mid 
1950’s, the beech scale was present in 
eastern New York (Jacob M. Griffin 2000).  
 Beech Bark Disease (BBD) is caused 
by the complex of the beech scale and one 
of two bark-destroying fungi: Nectria 

coccinea var. faginata, an introduced 
species, and Nectria galligena, a native 
species that attacks hardwood hosts. The 
fungi will infect bark tissue previously 
burrowed into by the scale insect, causing 
cankers to form in the bark. The cankering 
will result in the weltering of leaves and 
branch breakage. Depending on severity of 
infection, BBD will eventually kill a beech 
tree, typically taking ten to twenty years 
(Jacob M. Griffin 2000). 
 The unchecked spread of BBD is 

categorized in three stages: the “Advancing 
front,” which consists of a increasing 
population of scale insects and low levels of 
fungal infection on the beech trees; the 
“killing front,” which is defined by large 
populations of scale insects, increased 
outbreaks of fungal infection on beech bark, 
and high beech mortality; and “the 
aftermath” which contains few older beech 
trees and many beech saplings and 
denatured, young trees (Shigo 1972).  
 Upon initial infection of a stand, 
mortality rates of beech trees reach nearly 
80-90% (Houston 1984). This massive die-
off of mature beech trees gives younger 
trees the opportunity to replace their position 
in the canopy; this succession can causing a 
drastic change in the composition of the 
stand (Twery & Patterson 1984; Runkle 
1990; Wiggins et al. 2004). Gaps formed in 
the canopy by dead beech trees has been 
found to increase the growth of sugar 
maples, Acer sercerum, and eastern 
hemlock, Tsugacanadensis (Twery and 
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Patterson 1984; Runkle 1990). In higher 
densities of gaps formed as a result of BBD, 
there was a radical increase of sub-canopy 
trees (Canham 1988).  
Beech trees infected with BBD also have a 
tendency to loose their branches in high 
winds. This condition, called “beech snap,” 
has provided both more light for understory 
vegetation as well as increased the amount 
of course woody debris on the forest floor. 
This extra amount of debris becomes 
seedbed substrate for other tree species, such 
as eastern helmlock, further promoting the 
declining of beech trees in a stand (Papaik et 

al. 2005). 
 The change in the stand varies 
considerably from stand to stand, depending 
on “forest composition, age, slope, 
susceptibility of beech trees and dispersal of 
the scale insect” (Latty et al. 2003; Lovett et 

al. 2006; Munck & Manion 2006). In some 
areas of infection, the number of beech trees 
has actually increased. This phenomenon is 
due to beech tree’s ability to reproduce 
through root sprouts, especially damaged 
roots (Houston 1975). For this reason, the 
initial infection of beech trees due to BBD 
has often led to a drastic decrease in beech 
diameter classes and rapid increase of beech 
saplings in the understory (Fahey 1998). The 
shading effect of these young beech trees 
has been shown to have a negative effect on 
the presence of other tree seedlings and 
saplings in the understory (Hane 2001). This 
replacement generation of beech, however, 
contributes to the proliferation of susceptible 
genotypes within the stand; causing many of 
them become damaged to BBD and not 
reach a full, mature size (Houston 1975).  
 This experiment investigated the 
effects of BBD on forest succession; 
ultimately aiming to make a prediction at the 
future composition of the forest in areas of 
high BBD infection. The area of study was 
located in Hyuck Preserve in the Helderberg 
Plateau, 43 km southwest of Albany. This 

region hosts a large population of Beech 
trees and was one of the first areas of New 
York State to become affected by BBD. J.R. 
Runkle first noticed the presence of BBD in 
the preserve in late 1970’s. From my own 
observations, the preserve is well into the 
“aftermath” period of the disease, with most, 
if not all beech trees, infected with BBD at 
varying degrees and very few full sized 
beech trees present. Without infection, 
beech trees can reach heights of 30 meters 
with a canopy diameter of almost 21 meters 
when fully mature. Beech trees are a native 
foundation species, providing both food and 
shelter to native animals and insects  
(Blanchard 1981).  
 In conjunction with other studies 
done on the effects of BBD on forest 
succession, I predicted that sugar maple and 
hemlock will be the predominant tree 
species replacing beech trees in highly 
infected stands. The forests of Hyuck 
Preserve already have a well-established 
population of these three species and their 
seeds can easily move into areas of BBD 
related disturbance. In medium and low 
infected beech stands, I expect to see the 
predominance of beech saplings and 
seedlings due to prolific root suckering of 
beech trees recently infected with BBD.  
 
Methods 

 Eighteen ten by ten meter plots will 
were created within six different beach stand 
sites with varying severities of BBD. The 
number and placement of the plots were 
based on the size of the beach stand, so 
some sites contained more plots than others. 
Each plot contained at least five beech trees. 
The plots were measured using meter tape, 
with flags placed at each corner. Within the 
plots, the number and type of tree seedlings 
(below one meter) and tree saplings (above 
one meter below three meters) were 
recorded.  
 Based on the assessment of the beech 
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plots and was located on the South side of 
Lake Myosotis within a mixed deciduous 
forest. The level of infection was 
characterized as low at a scale of 2.08. 
Striped maple was the most abundant in the 
site. Beech seedlings (N=23) and saplings 
(N=11) were high, but significantly lower 
than striped maple seedlings (N=46) and 
saplings (N=20).  Hemlock saplings (N=6) 
were also more present in this site. Sugar 
maple seedlings (N=2) were recorded but in 
low numbers.  
 Across all sites, beech was the 
predominant tree species with (N=396) 
seedlings and (N=101) saplings (Figure 1). 
While striped maple appears to perform well 
in terms of the number of seedlings (N=48) 
and saplings (N=29), it was present in 
abundance only in a single site, site 6. 95% 
of the striped maple listed in figure 1 came 
from site 6 and 68% of the striped maple  
and 100% of the hemlock in this graph come 
from site 6. 
 

Discussion 

 All sites showed an overwhelming 
dominance of both beech seedlings and 
saplings. Although it appears that striped 
maples are performing relatively well in 
beech related disturbances, the presence of 
striped maples were only significant in site 
6, where striped maple saplings and 
seedlings were nearly double the presence of 
beech, and in site 4, where striped maple 
saplings outnumber beech by one. It also 
may appear that Hemlock is a species doing 
relatively well (Figure 1b) but similar to the 
striped maples, their presence was only 
significant in site 6.  
 It is worthy to note that striped 
maples numbers were most significant in the 
sites characterized as having a low incidence 
of BBD. Sites 4 and 6 all contained striped 
maple at relatively high number. However, 
the figures from site 5, the control with the 
lowest incidence of BBD, discredits any 

correlation between low incidences of BBD 
and abundance of striped maple. It is 
possible that the presence of striped maple is 
dependent on the composition of the forest 
around it and whether or not its seeds were 
dispersed into the plot. This is possible as 
sites 4 and 6 were both located within a 
mixed deciduous forest, where sugar maples 
are a common sub canopy species. It was 
also noted that in and around the site, striped 
maple was already well established as a sub 
canopy tree.  
 As for the other species in the plots, 
their numbers are not high enough to signify 
any successional change. Their presence in a 
stand is most likely random, based simply 
on whether there was a mature tree nearby to 
distribute a seed into the plot. The low 
numbers of other species signifies that the 
chance of beech declining in the stand is 
low. The hypothesis that sugar maple and 
hemlock would be the predominant species 
replacing beech trees in highly infected sites 
is therefore false. The hypothesis for 
medium to low areas having high numbers 
of beech saplings and seedlings is partly 
correct, although it did not predict the same 
extensive root suckering in highly infected 
stands.  
 Despite severe outbreaks of infection 
in some areas, beech trees have managed to 
survive and even increase in population, due 
to its prolific production of root saplings. 
LeGuerrier et al. (2003) assessed the loss of 
mature beech trees and recorded an increase 
in 11-50 cm DBH trees for the first 50 years 
of infection in typical beech stands. This 
study also found that beech stands that have 
experienced the disease for over 50 years 
generally do not have beech trees over 90 
cm DBH.  
 The results from this survey conform 
to the studies of LeGuerrier. The Hyuck 
Preserve, which by best estimate is nearly 
thirty years into infection, is experiencing 
this shift in beech diameter class. In sites 1 
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through 5, the abundance of beech sapling 
and seedling indicate the eventual formation 
of these young beech stands. Even in site 6, 
where beech seedlings and saplings were 
less prevalent than striped maple, it is 
possible that as BBD continues to develop 
there will be an increase in beech root 
suckering. It is important to note, however, 
that many of these beech seedlings and 
saplings will eventually become infected 
with BBD and not reach the full size of a 
typically healthy beech. From this survey, it 
appears that the beech stands in the preserve 
are moving into the “aftermath” phase of the 
disease, with an increase in the number of 
young beech trees and the absence of mature 
healthy trees.  
 The long-term effects of BBD are 
largely unknown as the disease is still 
relatively new in the US. However, changes 
in class structure and composition of beech 
stands could have ramifications for the 
animals and insects that depend on them. 
Beeches begin having substantial masts 
around the age of 40. The loss of mature 
beech trees could therefore have an effect on 
the food web (McCullough et al. 2003). 
Beech leaves decompose slower than sugar 
maples and other associated hardwoods and 
contain more lignin. A change in beech 
stand composition can also have 
consequences for the nutrient cycle (Lovett 
et al. 2006). “Beech snaps” pose greater risk 
to hikers, campers, and houses as the risk of 
falling branches increases. Further, beech 
stands composed of sickly and smaller trees 
also run greater risk to being converted to 
farmland or construction as they are less 
“Aesthetically” valuable (Lovett et al. 
2006). 
The potential sources of error for this 
experiment come from both the 
classifications of sapling and the 
characterization of each site. The 
classification for saplings, approximately 
any tree above one meter and below three 

meters, is not only roughly estimated, but 
also limits the survey to a smaller record of 
saplings. The characterization of sites into 
high, medium, and low was also based on 
subjective estimates on an arbitrary scale of 
0-5. In the future it will be useful to not only 
extend the characterization of saplings 
further, but also use a more quantitative 
method of classifying a site. 
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Abstract 
Protomognathus americanus [slavemaker ants] tend to raid large colonies of Temnothorax 
longispinosus [slave ants] to steal their pupae to make as slaves. I studied if the slave ants have a 
preference for small acorns, oppose to large acorns, to live in. If slave ants do show a preference 
for smaller housing, then they may be countering the slavemaking ants by living in smaller 
colonies to avoid being raided. I gathered slave ant colonies and provided them with three 
different options of houses to live in, a small, an average, and a large size. Contrary to what I 
predicted, the ant colonies more often chose large housing areas than the small housing areas. 
This suggests that other variables may be involved in the selection of housing. 
 
Introduction 
 Parasitism is an ideal example of an 
evolutionary arms race (Anderson & May. 
1983). The parasite relies on the host, but in 
using the host, inflicts harm, causing the 
host to adopt ways to avoid or reject the 
parasite. An especially unique case of 
parasitism occurs between different species 
of ants: slavemaker ants and slave ants. 
Slavemaking ants are specially wired for 
raiding slave ant colonies to collect their 
pupae. Without slave ants, slavemaking ants 
cannot survive and reproduce (Alloway 
1979). Temnothorax longispinosus are the 
slave ants for the slavemaking ants 
(Protomognathus americanus) at the Huyck 
Preserve and Biological Research Station, 
where I am conducting my research 
(Herbers & Foitzik 2002). Slave ants form 
their colonies in acorns and twigs (Pennings 
& Achenbach & Foitzik 2011). Slavemaker 
ants show a tendency to raid large (versus 
small) colonies of the slave ants, which may 
be due to larger colonies having more pupae 
for the slavemakers to take and make slaves 
(Pohl & Foitzik 2011). While I was out 
looking for slave ant acorn colonies, I 
observed that many of the colonies were in 
smaller acorns (10-15mm wide by 15-20mm 
high), as oppose to larger acorns (20-25mm 
wide by 25-30mm high) raising the 
question; Do the slave ants have a 

preference for small acorns to house in? If 
the slave ants do show a preference for 
smaller housing, then slave ants may be 
countering the slavemaking ants by living in 
smaller colonies to avoid being raided. 
Some colonies of slave ants have rebelled 
against their slavemaker ants by killing the 
slavemakers’ brood, thereby decreasing the 
future impact of the slavemaker ants on the 
surrounding slave ant colonies (Achenbach 
& Foitzik, 2009). Therefore, I believe that 
slave ants choose smaller colonies to counter 
the slavemakers’ attempts to enslave them. 
 
Methods 
 I collected slave ant acorn colonies at 
random from oak stands around the Huyck 
Preserve. While collecting, I recorded the 
circumference, height and gps coordinates of 
the acorn before checking for a colony. 
When there was a colony, I put the acorn in 
a sandwich bag. While not testing the ants, 
the colonies where kept in a refrigerator at 
9°C.  
 For the new ant homes, I used 
cardboard (2 mm thick) with three different 
sized ovals cut in the center to represent a 
small house size, which was 400mm3 less 
then the average of the collected acorns (470 
mm3), a large house size, which was 
400mm3 more than the average of the 
collected acorns (1270 mm3) and a control 
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size, which was the average size of the 
collected acorns (870 mm3).  Each 
cardboard piece had a slit of approximately 
3mm cut in one of the short sides, to serve 
as the entrance. These cardboard pieces 
were put between two microscope slides 
(25mm by 75mm) and taped together.  
 In the lab, the three housing options 
were taped in a 35cm x 27cm disposable 
metal tray, in a circle around the ant colony. 
Upon starting the testing, the ants were 
brushed out of their acorn into the center of 
the new houses. The metal tray was then 
covered and left until all of the ant colonies 
had chosen new housing. Half of the ants 
were tested at a time. After the first half of 
the ants were tested, I set them back where 
they came from, and washed the metal trays 
for the next half. The room in which the ants 
were tested was heated to 24°C with a 
Holmes Fan-Forced Heater. I fed the ants 
with honey water, as well as normal water 
by soaking a cotton ball with each solution.  

Figure 1: The number of times a location was chosen. SC 
means the ant colony stayed in the cardboard of the small 
house. CC, the ant colony stayed in the cardboard of the 
control house. LC, the ant colony stayed in the cardboard 
of the large house. US, the ant colony stayed under the 
small house. UC, the ant colony stayed under the control 
house. UL, the ant colony stayed under the large house. 
SH, the ant colony stayed in the small house. CH, the ant 
colony stayed in the control house. LH, the ant colony 
stayed in the large house. NH, the ant didn't stay anywhere. 

 I analyzed housing preference in the 
ants using an ANOVA run in Microsoft 
Excel 2003 with the statistical analysis add-
on. 
 
Results 

Figure 2: The average volume of the original acorn the 
colony came from, compared to which house size the 
colony chose. The small housing (SH) has the smallest 
available volume, the control house (CH) has a medium 
volume, and the large house (LH) has the largest volume. 
The original acorn size did not impact what size of house 
the colony chose. 

 A total of 27 slave ant colonies were 
collect and tested. There were no 
statistically significant preferences in 
housing size (p=0.780, Fcrit=5.79). The ants 
chose to stay in all housing types as well as 
within the cardboard of the available 
housing types, and under the cardboard of 
the small and control housing types. In three 
cases, ant colonies did not choose a house at 
all. The data did not show any trends (figure 
1). However, when location of the actual 
colony was considered (within the 
cardboard, under the cardboard, or across 
multiple house, etc.), the cardboard from the 
small house was chosen the most (figure 1). 
The area of the acorn the colony was 
originally from did not seem to affect which 

house was chosen (figure 2). When 
comparing the general size of the locations 
where the ants settled, the ants more often 
chose the large areas (figure 3). However, 
when looking at if the original size of the 
acorn affected the size of the location where 
the ants settled, there was no significance 
(p=0.174, Fcrit=3.30) (figure 4). 
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Figure 3: The large volume areas, the small house’s 
cardboard (SC), the underside of the small house 
(US), and the large house (LH), were chosen more 
overall then the average areas, control house’s 
cardboard (CC), the underside of the control house 
(UC), and the control house (CH), and the small 
areas, the large house’s cardboard (LC), the 
underside of the large house (UL), and the small 
house (SH). The area of the underside of the houses 
determined by how much cardboard covers the 
underside. 

Figure 4: There is no significant correlation between the 
average original acorn size and the size of the location the 
colonies move into. SC means the slave ant colony stayed 
in the cardboard of the small house. US, the ant colony 
stayed under the small house. LH, the ant colony stayed in 
the large house. CC, the ant colony stayed in the cardboard 
of the control house. UC, the ant colony stayed under the 
control house. CH, the ant colony stayed in the control 
house. LC, the ant colony stayed in the cardboard of the 
large house. UL, the ant colony stayed under the large 
house. SH means that the ant colony stayed in the small 
house. 

 
Discussion 
 The slave ants housing selection was 
not affected by the size of the acorn they had 
previously stayed in. However, the ants 
tended to chose larger overall area’s to stay 
in, such as the inside of the small house’s 
cardboard, the large house, and under the 
small house. The areas the ants stayed in 
also tended to be darker, such as under the 
small and control houses, and in the 
cardboard of the houses. The slave ants did 
not show a preference for smaller house 
sizes. This does not support my hypothesis. 
Suggesting that the slave ants at the Huyck 
Preserve are not countering the slave making 
ants by using smaller houses. However, the 
slave ants may have chosen the larger 
housing options so they could maintain more 
pupae and increase their colonies size to 
offset the pupae taken in raids by 
slavemaker ants. The colony also could have 
been too large for any of the other housing 
options. The colonies may have chosen the 
darker areas because they felt safer and 
more at home like the inside of an acorn 
where they normally reside. Some of the ant 

colonies chose multiple houses. This may 
have been because the colony was extremely 
large. Many of the colonies had winged ants, 
which is a method for sending off queens to 
make new colonies (Howard, 2006). It might 
be that during the experiment, a new colony 
was created.  
 It should be noted that my hypothesis 
that slave ants would choose smaller 
colonies might not have been supported due 
to the material used to make ant colonies 
and set up choice tests. The metal tins, 
which were used as arenas, were not 
completely flat, making some room 
underneath the houses. This allowed the ants 
to go under the houses. Additionally, the 
cardboard I used to create each house size 
had enough room for the ants to actually 
build houses within the layers of cardboard. 
This allowed them to used the cardboard 
instead of the designated areas to live in. In 
the future, plastic would be a better material 
than the cardboard. The glass microscope 
slides allowed light to come into the houses, 
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which influenced the ants to find a more 
suitable, acorn-like environment. Covering 
the glass slides would remove that source of 
error. I may have accidentally collected a 
slavemaker colony as well, which would 
influence my results. 
 Determining the methods slave ants 
use to deter slavemaking ants is an 
important step in understanding the 
evolutionary arms races between parasites 
and their hosts. While my results were 
inconclusive, future experiments could be 
conducted to test if the slave ants learn, over 
time, to minimize their colonies and live in 
smaller acorns to avoid being raided. 
Another experiment could test if slave ants 
tend to live in larger housing around the 
world, not just at Huyck Preserve. 
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Huyck Preserve
and Biological Research Station

Located in beautiful Rensselaerville, NY 30 miles southwest of Albany, NY, the Huyck Preserve is a non-
profit organization dedicated to preservation, education, and research. The 2000 acre Preserve is home to 
over 500 plant and animal species and is made up of more than ten different habitat types from hardwood 
and conifer forests to meadowlands and marshes. Our Biological Research Sttaion has supported research 
continuously for over 70 years. The Preserve’s history as a research insitution makes us an ideal location 
for involving students in scientific research. 
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