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SPECIES-INDEPENDENT, SCALE-INVARIANT SELF-SIMILARITY IN THE 
ALLOMETRY OF BRANCHES AND TRUNKS WITHIN A HETEROGENEOUS FOREST 

 
DANIEL POON, ALEXA UNRUH, AARON IVERSON, ELIZABETH HOOD, KELVIN 
HAN, JES SKILLMAN, KARINA LANERI, JOHN BERINI, & JOHN VANDERMEER 
 

ABSTRACT 
 

We investigated patterns of self-similarity within a Michigan oak-hickory forest 
undergoing succession.  Branch circumference distribution across all trees in the 
forest were found to follow a power law with exponent approximately equal to the 
exponent for the power law distribution of DBH across the whole forest, both  
~ -2.5.  Within each species the branch circumference distribution exponents all 
differ significantly from the distribution of DBH of that species within the forest, 
corresponding more closely instead to the distribution of DBH of all species 
within the forest taken together.  The correspondence between the exponents of 
species-specific branch power laws and the whole-forest DBH power law was 
species-independent among the understory trees, suggesting the existence of 
species-independent growth regulation sensitive to forest-wide architecture. 
 

INTRODUCTION 
 
Any natural distribution network will follow a power law.  (West et al. 1999)  This tendency 

is exhibited by vascular systems, bronchial tubes, and tree branches.  West et al. (2009) 
introduced the idea that a forest can be viewed as a vascular system.  As a whole, the entire 
forest behaves like a scaled version of the largest tree.  As a vascular system, each tree removes 
energy and resources from the ecosystem at a fairly uniform rate across the community.  The 
growth of individuals in the system of a given size must be equal to the mortality of individuals 
of the same size class.  However, these models assume that the populations in the system are 
demographically stable. 

 
In systems that are not stable, a power law should not be observed because populations are 

changing.  In these systems, individuals in the largest size classes would be dying at a higher rate 
than those in the smaller classes.  Kéfi et al. (2007) demonstrate that an ecosystem undergoing a 
change of dominance will deviate from a power law.  Therefore, any deviation of the distribution 
of the sizes of trees from a power law should indicate a change in the dominant species 
populations of that ecosystem. 

 
Enquist and Niklas (2000) found that the number of individuals in a forest plot scales as the  

-2 power of basal stem diameter, independent of species composition or latitude, and developed a 
metabolic simulation model that reproduced the effect of this power law.  The same authors 
(1999) found that a single set of power laws relating the allometry of biomass, body size, and 
growth rate held for photosynthetic organisms across twenty orders of magnitude from 
unicellular algae to woody dicots.  The question therefore arises: down to what size scale does 
power-law scale-invariance hold within an organism?  In particular, does the forest-wide growth 
pattern inform the growth behavior of a single tree?  If one can expect that trunks should show a 
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power law irrespective of the tree species because each trunk is but a single element in a forest-
wide vascular system, then one would also expect the same phenomenon to be found in 
branches, irrespective of the tree species from which the branches come, as branches too are 
single vascular elements. 

 
Indeed, one might expect to see a power law exhibited by the distribution of the sizes of tree 

individuals in a forest for many reasons.  Because the branches, trunks, and roots of trees are all 
interconnected bifurcating systems, they transport their fluids using the same physical methods.  
By competing to fill open spaces with the best nutrient and water availability for each individual, 
individuals will grow at every size scale. 

 
Yet there are also many reasons why one might not expect the branch diameter distributions 

of all the individual tree species in the forest to exhibit the same power law exponent.  Different 
types of trees will allocate different amounts of biomass and resources to their leaves.  Root-to-
shoot ratios for different species vary.  Symbioses with soil fungi will supply plants with more 
nutrients than are available to plants that do not associate with soil fungi.   

 
The question is therefore open regarding how these shared global constraints interact with the 

inherent developmental patterning of trees of different species to determine the growth patterns 
of individual trees.  We formed two hypotheses based on these facts and assumptions.  Our null 
hypothesis stated that the distribution of branch circumference of any individual tree would show 
the same power law exponent as the distribution of tree DBH in the forest.  Our test hypothesis 
was that branch circumference distributions within each species would show a different power 
law exponent from that of the distribution of tree DBH over the forest as a whole, and would 
instead show the same exponent as the DBH distribution power law for that species. 

 
MATERIALS AND METHODS 

 
Study Site 
 
The study took place near the Big Woods plot on the E.S. George Reserve.  We sampled 

trees in a forest with a Carya/Quercus-dominated canopy and an understory consisting mainly of 
Acer rubrum, Prunus serotina and Hamamelis virginiana.  We measured the diameters of the 
branches of Quercus velutina, Quercus alba, Prunus serotina, and Acer rubrum. The sample 
trees were chosen non-randomly from recent windfall trees and live, upright trees.  Windfall 
trees were chosen for measuring if they looked as though they had lost relatively few branches 
when they fell over. Trees with significantly rotted trunks or many missing branches were not 
used.  Live, upright trees were chosen for sampling if they looked large enough to have a decent 
amount of branches with a diameter that was greater than 5.5 cm, but could still be bent over in 
order to measure the samples without undue harm to the researchers. 
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Figure 1: “Out-then-up” sampling method 
 
 

 
 

 
 
 
 
 
 

Sampling Method 
 
 The diagram in Figure 1 illustrates 

the “out-then-up” algorithm we used to 
measure branch circumference. The first 
measurement was always “GBH”, or girth at 
breast height. The second measurement was 
taken at the base of the first branch 
diverging from the main trunk (“out”), 
shown as measurement number two in the 
figure. If that branch bifurcated again, we 
took a third circumference measurement at 
the base of that diverging branch (“out”). 
Measurements continued “out” along one 
path of bifurcations until the circumference 
of the branches were equal to or less than 
5.5 cm (an arbitrary cutoff), at which point 
we returned to the nearest point of 
divergence and proceeded “up” by 
measuring circumference along the main 
branch just above the bifurcation point and 
continuing “out” the next diverging path 
until it too was exhausted, etc.  In this 
manner the entire tree could be traversed.  
Once measured, a branch was marked with 
flagging tape in order to make sure that each 
measurement was only taken once. 

 
Power Function Calculations and Statistical Analyses 
 
For each analysis, the diameter measurements were first sorted from lowest to highest and 

then linearly partitioned into 5-centimeter ‘bins’. We then plotted the natural logarithms of bin 
size against the natural logarithms of the number of records in each bin.  Using Excel’s LINEST 
function, a power law was fitted to the log-log transformed data and a standard error of the slope 
of the regression line was estimated.  When possible, the regression line was fitted to the most 
robust, central region of the power law.  The slope of the regression line is equivalent to the 
exponent of the power law. 

 
RESULTS 

 
Figures 2-1 and 2-2 portray the relationships found between DBH or branch circumference 

and bin frequency for some of the studied trees. The plot of the DBH of all trees in Big Woods 
(Figure 2-1) showed a strong power function fit for the trees of medium and small diameter 

1) GBH 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(<90cm) but then followed a significant deviation from this line for the larger trees. This 
deviation resembles one side of a normal distribution curve and represents most of the overstory 
species, primarily Quercus spp. The plot of the branch circumference for all trees that were 
sampled during this study (Figure 2-2) shows a strong power function fit that exhibits a similar 
slope to the DBH plot for all trees (-2.59 compared to -2.50). 

 
Figure 2-1: Log-log plot of frequency vs. DBH for all trees of DBH>10cm in Big Woods. 

Figure 2-2: Log-log plot of bin size frequency vs. branch circumference for sampled trees. 

 
 
 
We also compared the exponents for DBH and branches both within and between species. 

The plots for the two most dominant understory trees together, Acer rubrum and Prunus 
serotina, are shown in Figures 3-1 and 3-2.  These and other correlations for A. rubrum, P. 
serotina, and Quercus spp. are displayed in Table 1. 
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Figure 3-1: Log-log plot of bin frequency vs. DBH for all A. rubrum and P. serotina with DBH>10cm. 

 
 
 
Figure 3-2: Log-log plot of bin size frequency vs. branch circumference for sampled A. rubrum and P. serotina. 
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Table 1: Comparison of power law slopes of sampled branches and of DBH by species or group of species. 
 

    Branches Exponent  std. error  DBH Exponent  std. error 

All trees  ‐2.5872  0.1375  ‐2.499  0.0466 

Acer rubrum  ‐2.6452  0.1156  ‐3.0956  0.079 

Prunus serotina  ‐2.1249  0.1139  ‐3.1263  0.1181 

A. rubrum + P. serotina  ‐2.2518  0.186  ‐3.2512  0.1224 

Quercus spp.  ‐1.7094  0.1799  N/A  N/A 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All plots demonstrated a power function fit except for the DBH distribution of Quercus spp.  
In addition, the exponents for branch diameter distribution and DBH distribution for the 
population of all trees were statistically indistinguishable.  Thus, while due to the imprecision of 
the fitting method no accurate p-values can be reported, our data nevertheless support the null 
hypothesis that the power laws governing branch diameter (regardless of species) and whole-
forest DBH distribution share a common exponent. 

 
In every case considering only select subpopulations of forest species, fitted exponents for 

DBH and branch circumference of the same species/group of species were at least two standard 
errors away from identity.  Exponents for all populations that included P. serotina tended to 
differ by 1. 

 
On the other hand, when the populations are broken down by species, all of the branches 

exponents except for P. serotina branches alone and Quercus branches alone are within two 
standard deviations from the DBH exponent for all trees, indicating that they can be expected to 
be statistically indistinguishable from identity at α=0.05.  Even in the case of P. serotina, the 
fitted exponent of -2.12 ± 0.11, while not identical to the exponent of -2.50 ± 0.05 for whole-
forest DBH, is even farther from the DBH exponent of cherry trees alone of -3.12 ± 0.12.  We 
conclude that in every case where the power-law exponents of DBH and branch circumference 
are meaningfully comparable, species-specific branches distributions are more similar to the 
whole-forest DBH distributions than they are to species-specific DBH distributions. 

 
DISCUSSION 

 
The Big Woods plot is located within an oak-hickory forest.  It is thought (Vandermeer, pers. 

comm.) that oak-hickory forests are relics of Native American forest management practices that 
relied upon regular, controlled burns.  Like many other oak-hickory forests in the eastern U.S., 
the Big Woods is currently undergoing succession from a community dominated by oak and 
hickory to one dominated by red maple and black cherry; Abrams (1998) argues that this 
succession is enabled in part by present, fire-suppressive management practices.  Periodic fires in 
oak-hickory ecosystems would otherwise prevent the invasion of red maple and black cherry, 
which are both very fire-sensitive species. 

 
Kéfi et al. (2007) put forth the idea that “regime change” could be observed in the form of 

deviation from power laws.  The systems they considered were grassland prairies under grazing 
pressure from livestock, where they observed truncated power laws resulting from herbivory 
pressure against the larger members of the population.  In seeking to relate Kéfi et al.’s 
observations to the Big Woods, we expected to see that the old, outgoing contingent of the forest 
population would exhibit a power function distribution, and the new, incoming contingent would 
exhibit the deviation.  That is the reverse of what we actually observed in the DBHs, where the 
power law applies to the emerging understory and the normal deviation from that law is an 
artifact of the canopy.  Thus, while our results corroborate Kéfi et al.’s observations that power-
law deviation is a signal of regime change, they also validate the obvious subsequent question of 
exactly how to interpret any given observed deviation from power-law behavior. 
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Enquist et al. (2000) claim that in a demographically steady-state forest, both DBH and 
branches exhibit a power law exponent of approximately -2.  Our exponent of -2.5 both in DBH 
and in branch diameters differs from this significantly.  West et al. (2009) observed that forests 
undergoing succession/recovering from disturbance indeed show larger exponents than -2, but 
asymptotically converge to -2 as the demographic settles.  Their conclusion was that the 
successional trajectory of a stand not at equilibrium is governed by the same allometry of growth 
and mortality that gives rise to the -2 exponent in steady state.  We therefore predict that the 
exponent of -2.5 in the Big Woods will converge to -2 over successional time. 

 
Within each individual species, the distribution of branch diameters obeys a power law 

whose exponent is significantly closer to the exponent associated with the DBH distribution of 
the forest as a whole than it is to the exponent of the DBH distribution of trees of that species 
within the forest.  This species-independent phenomenon, if substantiated by future study, would 
require a species-independent process to explain it.  We suggest broadly that this pattern may 
arise from the coexistence of all trees within the same forest, competing to occupy the same 
space, access the same soil, and harvest the same light.  If this hypothesis is true, then 
environmental physical constraints interact strongly with intra-organismal developmental 
constraints in governing the growth habits of individual trees.  This in turn raises the question of 
how the effects of edge disturbance and fragmented landscapes could propagate through the 
habits of trees in a forest, over time influencing the physical development of plants far into the 
undisturbed interior.  West et al.’s metabolic models do not incorporate the factors of spatial 
heterogeneity that would be necessary to address fragmentation, nor do they address the local 
effects that the branch structure of individual trees has on neighboring trees, both of which would 
be necessary components of an understanding of this phenomenon should it exist.  We advocate 
future development and study in this area. 
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DISTURBANCE AND FIRE REFUGIA:  DEVIATIONS FROM INVARIANT 
SCALING RELATIONS ACROSS PLANT COMMUNITIES 

 
JANE REMFERT 

 
ABSTRACT 

 It is well known that Native Americans managed their environment 
through the use of fire.  Since the cessation of fire practices plant 
communities have altered significantly.  The Big Woods is undergoing 
such a transformation and the forest dbh distribution has been shown to 
deviate from a power law distribution.  Hourglass Island was chosen as a 
possible fire refugium and contrast to data collected in the Big Woods.  
Although I expected to find a power law distribution, the distribution of 
forest dbh seems to follow an exponential distribution indicating that even 
though Hourglass Island is isolated from the mainland something has kept 
the forest community from occupying all available space.  The mechanism 
remains unknown.    

 
INTRODUCTION 

  Native American management of masting tree species through the use of fire is 
now a well-known and studied phenomenon (Abrams and Nowacki 2008).   Fire 
management favored certain tree species such as Quercus velutina and Quercus alba 
because these species are comparatively fire resistant (Abrams and Nowacki 2008).  
Favoring of these species may have allowed them to reach densities and sizes that would 
not have otherwise occurred in self-thinning forest.   
 
 Based on metabolic restrictions and a large set of globally distributed data, 
Enquist and Niklas, found that branching patterns and forest dbh should follow a power 
law distribution and they should both scale to a -2 exponent.  This scaling factor was 
found in 227 sites across 6 continents with vary little variation, although slight deviation 
from the -2 law was seen in high latitude communities (Niklas and Enquist 2001, Enquist 
and Niklas 2001).  It was proposed that some factor such as disturbance, length of 
growing season, or periodic recruitment might be affecting the community’s ability to fill 
all available space, thus shifting the scaling exponent away from -2 (Enquist and Niklas 
2001).   
 
 The Big Woods of the E.S. George Reserve have been studied extensively and 
past studies have shown that the scaling exponent of the forest dbh is -2.4 (Poon et al 
2009).  Even more interesting is the finding that although the understory tree species 
seem to follow a power law distribution, the canopy seems to follow a normal 
distribution.  This suggests that the Big Woods community does not occupy all available 
environmental space.  In this study I build on data collected from the Big Woods by 
looking at Hourglass Island as a possible fire refugium.  If fire was the main disturbance 
affecting the Big Woods and the cessation of fire is responsible for the growth patterns 
observed, then a fire refugium would have escaped disturbance.  If Hourglass Island is a 

14



fire refugium we would expect to see a scaling exponent of approximately -1.5 given the 
latitude of my study site (Enquist and Niklas 2001).   
 

METHODS 
Study Site 

 
Hourglass Island in the E.S. George Reserve is approximately 200 m long and just 

under 100 m wide at the broadest part.  Forest cbh had been measured for several years 
for the northern half of the island so branching pattern data was collected only from this 
half of the island.  The island is mostly dominated by Quercus velutina and Quercus 
alba.  Other species present include Tillia americana, Prunus serotina, Hammamelis 
virginiana, and Amalenchier sp.  The island is separated from the ‘mainland’ by a low-
lying swamp with dense woody vegetation.  The ground is quite water logged and soft, 
although standing surface water is not often present.  The island, itself, has a raised 
elevation compared to the surrounding area and is well drained.   
 

Data collection 
 

Branching patterns of Q. alba were measured using a calipers and followed an ‘up 
and out’ method.  The tree DBH was measured then the diameter of the first branch, then 
the diameter of subsequent branches, always returning to measure the diameter of the 
main branch upstream of the subsequent branches.  Quercus alba was the only species on 
the island with downed or small trees low enough to measure.  Branches smaller than 
5mm in diameter were not measured.  Q. alba saplings were measured by bending the 
trunk such that branches were within reach.  Anything out of reach was not measured.   
 

Data analysis 
 
 Data was compiled and forest cbh was converted to dbh.  Branching patterns and 
forest dbh were analyzed separately.  Attempts were made to analyze dbh of forest trees 
according to species but too few data points existed to make strong representations for 
most species.  Data was binned on a linear scale and plotted on a log-log graph.  Forest 
dbh and branching patterns were also plotted on a semi-log plot and R2 fit was 
determined. 
 

RESULTS 
Branching Pattern Analysis 

 
Data from the branching patterns of Q. alba were put in bins of 10cm diameter.  

Plotted on a log scale, the data showed a power law distribution with a -1.575 slope and 
an R2 fit of 0.8248, figure 1.  This is in agreement with what was expected given the 
latitude of the study site.  Branching patterns of Q. alba were also plotted on a semi-log 
plot with a resulting R2 of 0.5302, figure 2.  From these plots it is apparent that the data 
more closely fit a power distribution than an exponential distribution. 
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Figure 1 Plot showing the power law distribution of branching patterns in Quercus alba. 

                          
 

Figur 2 Plot showing a semi-log plot of branching pattern size distribution of Quercus alba 

 
 

Forest DBH Analysis 
 

 Forest DBH data collected in 2008 was used in calculating a power law 
distribution for Hourglass Island and included 205 individuals.  Data from 2008 were 
more complete than 2009 and there were no notes in 2009 indicating dead individuals.  
Using bins of 15cm the data assorted in to a power distribution with a -1.5123 slope and 
an R2 fit of 0.6029, figure 3. 
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Figure 3 Plot showing the power law distribution of forest DBH of Hourglass Island 

                
 
 

 
Figure 4 Semi-log plot of Hourglass Island forest DBH indicating an exponential distribution. 

     
 
 Since the fit for forest dbh was only 0.6029 the data was also plotted on a semi-
log plot.  The R2 fit for this plot was 0.7753 and seems to be a closer fit than the log-log 
plot.  This indicates that rather than a power law distribution, we may be seeing an 
exponential distribution.   
 

DISCUSSION 
  

My results do not agree with the findings of Enquist and Niklas 2001.  Although 
the branch diameters do follow a power law distribution with the expected slope of -1.5, 
their distribution does not agree with the size distribution of forest dbh which seems to 
follow an exponential distribution.  It seems as though this forest has a large number of 
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small stems and very few large stems.  The presence of an exponential distribution may 
indicate that the trees on this island have not fully occupied all of the available space and 
density dependent limitations have not been reached.  Recovery from a disturbance may 
produce this distribution as few survivors repopulate the area.    
 

Enquist and Niklas (2001) attribute the deviation of higher latitude forests from 
the -2 scaling law to some factor limiting the species in the forest from occupying all 
available space.  Several factors contributing to this may be disturbance, length of 
growing season, and periodic recruitment (Abrams and Nowacki 2008).  Disturbance in 
the form of fire is what was thought to be contributing to decay of the power law in the 
Big Woods (Vandermeer pers com), however, if disturbance is the cause of the -1.5 
versus -2 slope then we are no further in our explanation, unless there is a disturbance 
regime other than fire affecting this forest.  If the short growing season accounts for the  
-1.5 slope then we could maintain that Hourglass Island was not managed by fire.  From 
the data, however, it is impossible to draw this conclusion.  Further studies are needed to 
disentangle this issue.  Finding the scaling distribution of a more isolated island or a stand 
of large, fire sensitive species may be a better proxy for a ‘climax’ or stable community.   
 
 There are other indicators that Hourglass Island is not a fire refugium.  First is the 
species composition of the island.  According to Palik and Pregitzer (1992) species 
composition in much of Michigan prior to European settlement was dominated by Tsuga, 
Pinus, and Fagus, these all being fire intolerant species.  Acer rubra is another fire 
intolerant species present in high numbers throughout the reserve but not on Hourglass 
Island.  One would expect more of these species to be present if indeed fire was absent 
from the island.  Abrams and Nowacki (2008) found that Native Americans preferentially 
favored masting trees, such as Quercus, thus even though Hourglass is separated by water 
it is possible that the current species composition is due to Native American management.   
  

Although the disturbance history of Hourglass Island remains a mystery, it is 
interesting that the scaling exponents of branch diameter and forest dbh differ from that 
of the surrounding area.  It has been thought that the Big Woods is undergoing a 
successional change due to the cessation of fire management, thus allowing fire intolerant 
and shade resistant species to replace those that were favored by fire.  Although 
Hourglass Island may not be experiencing the same sort of regime change, the data 
collected in this study is not in agreement with expected values, thus indicating that there 
may be changes taking place in this community. 
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LOOKING FOR A DBH POWER FUNCTION IN CASSANDRA BOG WOODS 
 

ELIZABETH HOOD 
 

ABSTRACT 
 
 For any given forest that is stable and competing for light, the frequency of DBH 
sizes should follow a power law with a slope of approximately -2 (Shimano, 2000).  
These forests’ species populations, on the other hand, may not follow a uniform power 
function.  Each species can exhibit a unique slope.  Those with steeper slopes are pioneer 
species, while those with gentler slopes are climax species (Shimano 2000).  I recorded 
circumference at breast height for trees in Cassandra Bog Woods of the ESGR which I 
then converted to DBH.   I created power law displays for all trees in the woods and 
individual species.  The slope of the power law reflected by the entire forest and its 
individual species indicate that this ecosystem had undergone change.  Originally a 
pioneer community populated with Oak and Hickory; today it exists as a climax 
community comprised of Black Cherry and Red Maple.  The Oaks and Hickory in the 
area are the remnants of a once-dominant ecosystem that has been replaced. 
 

INTRODUCTION 
 
 Forest ecosystems are made up of individuals of all ages that grow in a pattern 
dependant on many factors.  West et al. (2009) found that the distribution of DBH for 
individual trees in a forest on a log-log plot will follow the same power law as the 
branches of the trees in that forest.  In a way, the individuals in the forest scale 
themselves as if they were parts of a very large tree.   
 

A forest will exhibit a mosaic pattern when individuals in the system are 
competing for light (Shimano, 2000).  In other words, individuals in a forest demonstrate 
a self-organizing tendency based on light availability.  A log-log plot of size frequency 
for a system competing for light will follow a power law with a slope of approximately -2 
(Shimano, 2000).  In such a forest, individual species may display different slopes 
depending on the characteristics of the species.  Individuals in these systems grow larger 
due to a factor referred to as size-dependant mortality.  This factor defines the likelihood 
of death for an individual in each size class.  Pioneer species will display a steep slope, 
indicating that the number of individuals with small trunks for a species will not increase 
because size-dependant mortality is high.  It is more likely that a smaller individual will 
die in such a population.  A climax species will display a shallow slope indicating an 
increased number of large trees as a result of their low mortality rate (Shimano, 2000).  If 
a system has already undergone a regime change and returned to a stable state, it will 
display a power function.  Due to the composition of the populations in such a forest, the 
slope may not immediately return to -2 following a regime change. 

The forest near Cassandra Bog is a unique habitat with a general lack of 
understory growth.  Most of the trees populating the area are larger individuals, yet there 
are few saplings growing to replace them.  Any saplings in the area are Prunus serotina 
or Acer rubrum individuals, though larger individuals do exist in the forest.  Older trees, 
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including A. rubrum, Carya glabra, Quercus alba, Q. velutina, Q. rubra and P. serotina 
comprise the canopy.  Due to fire suppression in the area, this forest was once dominated 
by oak and hickory and is in now being taken over by cherry and red maple.  Red maple 
has been able to take over this site because it possesses characteristics of early and late 
successional tree species such as requiring less water, nutrients and light for survival 
(Abrams, 1998). 
 

METHODS 
 

  I conducted this study on Sunday, October 18th 2009 in the woods near Cassandra 
Bog at the E.S. George Reserve.  Most of the older trees in the area have a circumference 
at breast height greater than 152cm (the length of my measuring tape), and therefore were 
not included from this study.  Very few saplings of these trees were present in any part of 
the forest where I sampled.   
 

Sampling Methods 

I measured circumference at breast height (CBH, approx. 1.3m) of trees in the 
woods near Cassandra Bog using a tailor’s tape.  Due to the length of the measuring tape 
used, measurement was restricted to 152 cm circumference at breast height.  No 
minimum CBH was set for measurement.  I identified each tree to species and recorded 
CBH, which was used to calculate diameter at breast height (DBH).   
 
Power function Calculations 

Using Excel, I created arbitrary bins for DBH beginning at 2 and increasing by 5.  
Using this information, I created a histogram for frequency of each size class bins.  I 
plotted ln(BinRange) vs. ln(Frequency) to determine if the forest populations were 
displaying a power function.   
 

RESULTS 
 
 The power function of all the trees in Cassandra Bog is indicated by Figure 1.  
The slope of this power function is -1.145, with an R2 of 0.8428.  The power function 
shown by the Acer rubrum in Cassandra bog is displayed in Figure 2.  The slope of this 
power function is -0.5278 with an R2 of 0.7318.  The slope of the power function of 
Prunus serotina is represented in Figure 3.  The slope of this power function is -0.4103 
with an R2 of 0.8584.  The power function exhibited by Quercus  spp is shown in Figure 
4.  Q. alba, Q. velutina, and Q. rubra have been grouped together for this study because 
there are too few samples to make effective graphs individually.  Also, due to difficulties 
discerning Q. velutina from Q. rubra, I grouped all the oaks together.  The slope of the 
power function displayed by Q. spp is 2.2871 with an R2 of 0.8776.  The power function 
for the other trees in Cassandra Bog is graphed in Figure 5.  Other tree species include 
Sassafras albidum, Carya glabra, Cornus florida, and Populus deltoides. The power 
function of the other trees has a slope of -0.2065 with an R2 of 0.222. 
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Figure 1.  Power function for all trees in Cassandra Bog.   

 
 
Figure 2.  Power function for A. rubrum in Cassandra Bog Woods. 

 
 
Figure 3.  Power function for P. serotina in Cassandra Bog.  
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Figure 4.  Power function for Q. spp in Cassandra Bog.  Includes Q. alba, Q. velutina, and Q. rubra. 

 
 
Figure 5.  Power function for the other trees in Cassandra Bog.  

 
 
 
 

DISCUSSION 

The forest near Cassandra Bog woods is undergoing a change from a pioneer 
community comprised of Oaks and Hickories, to a climax community comprised of black 
cherry and red maple.  In this Oak and Hickory populations are thought of as climax 
species.  This is only true for areas where fire regimes have not been suppressed.  In this 
ecosystem, I refer to the Oak and Hickory populations as “pioneer species” because they 
were the dominant species that colonized this area.  The Red Maple and Black Cherry 
populations are referred to as “climax species” in this forest because they are exhibiting 
populations.  However, over time this area will most likely undergo another regime 
change to different dominant species.   

This regime change from Oak-Hickory to Red Maple-Black Cherry is indicated 
by the slope of the power law displayed by the forest.  The slope of the power law is 
neither steep nor shallow, indicating that the forest is made up of two separate 
populations, one of which has attained dominance of the ecosystem.  The very few 
individuals in the remaining pioneer populations have already been out-competed by the 
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climax populations.  It is only a matter of time before they completely disappear from this 
area of the ESGR.  Though Oak and Hickory seedlings are present in the understory of 
some areas, these individuals will not grow to maturity because they will be unable to 
grow in such a densely shaded location. 

 Large Oak and Hickory trees are not being replaced by smaller individuals in this 
ecosystem, as is displayed by the power function of Q. spp..  The positive slope displayed 
by this population also indicates that there are only very large individuals left in this 
population.  This population is dying out due to the suppression of fire in the ESGR.  Any 
seedlings that may be growing will be unable to compete with the more shade-tolerant 
individuals, currently more prevalent in the area.  The climax community for the woods 
near Cassandra Bog is dominated by Black Cherry and Maple, as is indicated by the slope 
of the power laws displayed by these species.  The shallowness of the slopes for these 
species indicates that density dependant mortality is low for large trees, regardless of the 
density of small trees of the population (Shimano, 2000).  Therefore, the large trees that 
make up these populations will continue to increase their sizes.  The power law displayed 
by the other trees in the forest, including the other pioneer species for the area (C. 
glabra), can be disregarded due to poor fit (R2 = 0.222) of the trend line to the data. 

 Continuing study in Cassandra Bog Woods would enable future studiers to test 
the theories put forth in this paper, especially concerning the fate of the oaks in this 
system.  Continuing to monitor this area will enable surveyors to monitor the larger oaks 
as their populations change.  We will also be able to monitor the oak seedlings present in 
the understory.  Furthering research in this area will test the ability of Quercus spp to 
grow through the dense canopy shade caused by red maple and black cherry. 
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TESTING FOR SELF THINNING IN OAKS AND COMPARING RESULTS IN THE PRESENCE 
OF GAYLUSSACIA 

MELISSA BRADY, KELVIN HAN, HSUN-YI HSIEH, JES SKILLMAN, AARON IVERSON, 
DANIEL POON, JANE REMFER, DAVID ALLEN  

Abstract. In this study, we test to see if we can find the self thinning law in action. We 
test this theory with oak saplings in two different environments: with Gaylussacia 
present and absent. Gaylussacia is associated with ericoid mycorrhizae which secretes 
an organic acid that makes nitrogen unavailable to surrounding plants. Therefore, self-
thinning might be more obvious in this type of nutrient depleted habitat. We do not find 
the self-thinning law to be in play in this case, so other factors must be in play.   

INTRODUCTION  

      Self-thinning in plant populations and communities has been widely studied within the field of 
ecology.  This process refers to the interactions among plants that, through competition of limited 
resources, cause plant densities to drop as plant size increases within a given area (Murrell 2009).  This 
results from the size-density competition and density-dependent mortality between individuals 
(Lonsdale 1990). Plants will inevitably come into direct competition for nutrients, light and water with 
their nearby neighbors as each grows in size and the persistence of one individual will depend on the 
removal of others. Thus an area of relatively young plants will likely boast a higher density of small 
individuals whereas an area of mature plants will likely be composed of only a few large individuals.  

      The self-thinning rule has been so widely observed in nature that it has been credited with being the 
only law in plant ecology (Li 2000). It has been found to be true within multiple size scales, including 
over nine orders of magnitude of density, from mosses to trees (Lonsdale 1990). The rule relates 
average plant biomass to density and has been found to follow a consistent exponent when plotted as a 
power function (log-log). This exponent value has been found to be -3/2, leading to the coinage of the 
“-3/2 rule” of self-thinning, although this has been critiqued (Lonsdale 1990). Although measurements 
of biomass were not possible, we sought to test the process of self-thinning among Quercus alba, Q. 
rubra and Q. velutina saplings using height and stem diameter as a proxy for plant biomass in an Oak-
Hickory forest in the E.S. George Preserve.   

 Self-thinning occurs in part because plants are competing for nutrients, so it’s possible that the 
rate of self-thinning is affected by the availability of nutrients in the soil. In terrestrial ecosystems, 
nitrogen is often the limiting factor. Interestingly, inorganic nitrogen availability decreases in the 
presence of ericoid mycorrhizae (ERM), the fungal symbionts of the Ericaceae family (Gilliam et al. 
2005). This is because ERM secrete organic acids that a) inhibit nitrification and b) inhibit microbial 
decomposition of organic compounds into ammonia (Read and Perez-Moreno 2003). Inhibition of both 
these nitrogen transformations renders nitrogen unavailable to other organisms that can only uptake the 
inorganic forms of nitrogen, such as nitrites and nitrates. This doesn’t affect ERM and their symbionts 
though, because ERM have saprophytic capabilities, and can extract nitrogen from organic compounds 
(Read and Perez-Moreno 2003). Gaylussacia is a species with an associated ericoid mycorrhizae, and 
therefore may impact nutrient levels of surrounding plants. In our study, we look for self thinning in 
two sites: one with  Gaylussacia present and one with  Gaylussacia absent. We predict that the rate of 
self thinning will be greater in the site with Gaylussacia present, because of its nutrient depleting 
capabilities.   
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METHODS  

Study site and data collection  

      Our study site consisted of four transects in the Big Woods of the E.S. George Reserve. We 
collected data from two different habitats within the Big Woods. One habitat had a high abundance of 
Gaylussacia sp in the understory and the other habitat had a decided absence of Gaylussacia sp. 
Quercus velutina and Quercus alba seedlings were present in both habitats. Most Quercus seedlings 
were below knee height and were the dominant seedling species in both habitats. There were very few 
Quercus saplings in both habitats, yet the canopy was dominated by Quercus sp and Carya sp. 

Data collection 
      We ran belt transects, width of 2m, through the two different habitats described above. Along this 
belt transect we sampled 2x2 m plots at 5 m intervals. Within each plot the height to the apical 
meristem and stem diameter at the first bifurcation, or below the first leaf if there was no bifurcation, 
were measured for every Quercus seedling. We also recorded the species of Quercus and the presence 
or absence of Gaylussacia. 

Statistical Analysis 
      Our data were compiled and plotted on a logarithmic scale. Regression analysis was used to 
examine the relationship between density and seedling height for each habitat. The relationship 
between seedling density and stem diameter was tested in the same way for each habitat.  

 

RESULTS  
Here are our results when we look for a correlation between the log of density and the log of height. If 
the system was undergoing self thinning, we would expect to see a power log when comparing a 
measure of biomass against the density. Below are the results for the plots without Gaylussacia present. 
  
Figure 1: Log-log plot of the density of oaks vs height in the absence of Gaylussacia.  
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Figure 2: Log-log plot of the density of oaks vs diameter in the absence of Gaylussacia. 

 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 

 
As one can see, for both measures of biomass, there is no correlation. Therefore, either the system is 
not undergoing self-thinning, or our methods for capturing biomass were incorrect. Below are our 
results for the plots with Gaylussacia present.  
 
 
 
Figure 3: Log-log plot of the density of oaks vs height in the presence of Gaylussacia. 
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Figure 4: Log-log plot of the density of oaks vs diameter in the presence of Gaylussacia. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

As with before, there were no significant correlations between our measures of biomass, and the 
density of oaks within our transects. We also compare the correlations between density and 
height/diameter between the two types of habitats: those with and without  Gaylussacia: 
 
 
Figure 5: Log-log plot of density vs height for plots with  Gaylussacia present (squares) and without  Gaylussacia present 
(diamonds).  
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Figure 6: Log-log plot of density vs diameter for plots with  Gaylussacia present (squares) and without  Gaylussacia present 
(diamonds).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

With both graphs, we expected that either thinning would be more obvious in the plots with  
Gaylussacia, or that any positive correlation between density and height/diameter would be less 
prevalent in the plots with  Gaylussacia. This trend does not hold in Figure 6, but does seem to hold in 
Figure 5, where there seems to be some thinning in plots with Gaylussacia, but not in those without.   

 
 

DISCUSSION 
            Of the four treatments, none of the treatments indicates that there is a power function 
relationship between the density of oak and seedling biomass (height and width as proxies).  As we find 
a significant correlation between the height and the density of the oak in the absence of Gaylussacia, 
this correlation does not equal to a power function relationship.  Collectively, this result does not 
support our hypothesis that the presence of ERM has its effect on the self-thinning process among 
Quercus alba and Q. rubra x Q. velutina.   

            We thus resort to other factors which could affect the self-thinning process in this study area to 
explain the results of our study.  Important factors would include the effect of herbivores.  This study 
was performed in an area where herbivores have free access to enter.  It is thus plausible that the 
presence of herbivores obscures the size-density competition and density-dependent mortality between 
individuals; consequently, no self-thinning was observed in the study area.  In field, we observed that 
some oak seedlings can be very short while their widths are comparatively big.  This could be a 
consequence of foraging.  This observation may add weight to the argument that the presence of 
herbivores could be the possible reason that why we did not find power low function in these four 
treatments.    

            Nevertheless, the significant correlation between height and density of oak in the presence of 
Gaylussacia and the no correlation in the absence of Gaylussacia still shows that Gaylussacia would 
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have effect on the oak biomass. It would thus be interesting to test if there is significant difference 
between the presence/absence of Gaylussacia and the density of oak in the study area. 
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BIASES IN SPATIAL SAMPLING FOR SIZE FREQUENCY DISTRIBUTIONS 
 

THERESA WEI YING ONG, JOHN BERINI, DANIEL KATZ, HOU YI, SERGE FARINAS, 
SEMOYA PHILLIPS, AND YAEL ARTZY-RANDRUP 

 
Abstract. Known biases in size-dependent ecological count based measures 
(ECBM) where larger individuals are oversampled, and smaller individuals 
undersampled, were tested and compared using several different sampling 
techniques: forest belt transects (n=5), virtual bubble plot wall projection transects 
(n=16), virtual R transects (n=49), and virtual Matlab transects (n=1000). The 
distribution of Quercus spp., Acer rubrum and Prunus serotina in the E.S. 
Georges Reserve was sampled independently for each method, and corrected by 
normalizing for the effect of area. Corrected distributions for forest and wall 
transects did not differ significantly from original, uncorrected distributions, but a 
marginally significant difference was found for R distributions of A. rubrum and 
Matlab distributions of P. serotina. We attribute these differences to increased 
sample size and consequent accumulation of bias. Overall distributions remained 
relatively unchanged, but there are clear biases against smaller individuals, 
favoring larger individuals, which left uncorrected, may lead to drastically 
erroneous ecological interpretations. 

INTRODUCTION 
  

Ecological count based measures (ECBM) are measures related to the number of 
individuals in a given area. ECBMs such as size frequency distribution, population density, and 
species richness are often used to assess the ecological status of populations. However, these 
methods are subject to bias due to the edge effects of common survey techniques (Zvuloni et al. 
2008). 

Ecological applications for ECBMs include the assessment of fecundity and survival of 
individuals (Hall and Hughes 1996, Meesters et al. 2001) and provide information about 
population change (Bak and Meesters 1998). They are also important in conservation 
assessments (Hall and Hughes 1996, Bak and Meesters 1998, Sáenz-Romero et al. 2006). Biases, 
especially at the latter level, can lead to flawed estimations of the ecological status of rare or 
endangered organisms. This in turn can be further compounded by misinformed management 
strategies. It is therefore important to understand the effects that lead to spatial-boundary biases 
and how to avoid or correct them.  
 Based on how individuals at boundaries of quadrats or transects are dealt with, sampling 
can either over or underestimate individuals at size extremes (Zvuloni et al. 2008). For example, 
choosing to include species that fall on the boundary of a quadrat leads to an overrepresentation 
of large individuals and an underrepresentation of small (Figure 1). Since larger individuals take 
up more space they have a higher probability of being counted relative to those which take up 
less space. Figure 2 shows this effect in relation to line transects. 
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Figure 1. Boudary effects and bias torwards larger individuals. Adapted from Zvuloni et al. (2008) 

 

Figure 2. Bias in a line transect. Larger individuals have a higher probability of being on the line. 

 

   
 Type 1 errors (Zvuloni et al., 2008) involve the avoidance of boundary individuals 
(Figure 3). This causes a bias in favor of smaller individuals, which are more likely to fit into the 
transect. The effectively sampled area is consequently smaller (Figure 4) than actual transect size. 
Type 2 errors arise from the inclusion of boundary individuals (Figure 5). This biases the survey 
in favor of larger individuals, increasing the effectively sampled area (Figure 6). Corrections for 
these biases can be made by normalizing the effect of area for the different size categories of 
sampled individuals. Each type error has a correction term, α i, which is then included in the 
following equation (Zuvloni et al., 2008): 
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 Figure 3. Avoidance of boundary individuals, bias towards smaller individuals 

  

Figure 4. Effectively sampled area when avoiding boundary individuals 

 

Figure 5. Including boundary individuals, bias towards larger individuals 
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Figure 6. Larger effectively sampled area when including boundary individuals 

 

In recent decades, many researchers have observed the establishment of an Acer 
understory in Quercus dominated forests (Lorimer 1984, Abrams 1998).  In many cases, this 
Acer understory has begun to replace Quercus trees in the canopy (McDonald et al. 2003, Dodge 
1997, Drury and Runkle 2005).  A. rubrum has been observed in this role the most frequently 
(Lorimer 1984, Abrams 1998).  Researchers have shown that while there are a variety of factors 
contributing to a lack of Quercus regeneration (see Bruhn et al. 2000 and Sork 1984) it is 
primarily associated with long term fire suppression and a lack of other disturbances, as Quercus 
species are outcompeted under their own canopies by more shade tolerant species in all but the 
most drought prone and nutrient lacking sites (Nowacki and Abrams 2008, McDonald et al. 2003, 
Canham et al. 1994, Abrams 2003, Abrams and Nowacki 1992, and Iverson et al. 2008).  Size 
class distribution patterns for Quercus spp. and Acer rubrum at the E.S. George Reserve display 
this same pattern, with low numbers of Quercus saplings.  Because every tree stem in the Big 
Woods section has been mapped, we had the opportunity to test whether different sampling 
methodologies could lead to different conclusions regarding Quercus spp. regeneration.  

 

METHODS 

  We established three 100 meter and two 65 meter belt transects that were each 2 meters 
wide. These transects were adjacent to but not within the Big Woods plot of tagged trees. The 
presence, species, and diameter at breast height for every woody plant that occurred within each 
belt transect was recorded.  For those individuals that fell on the line, whether the center of the 
tree fell inside or outside of the transect was also recorded. Shrubs and any trees that were not 
taller than breast height were excluded.   

Virtual wall sampling was conducted by creating a bubble plot of all trees in the Big 
Woods, and projecting this image onto a wall.  Bubble size was proportional to tree radii. A 
straight-edge was used to make “line transects” that were 12 inches in length. These transects 
were placed at random on the wall projection, 16 times. For every tree that fell on the line, 
diameter at breast height and species type was recorded. 
 Virtual R sampling was conducted by plotting all Big Woods trees in R and drawing 
vertical transects every ten meters, resulting in 49 transects spanning the entire Big Woods.  To 
determine whether a tree fell on a line or not, the following equation was applied:  
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x+r>L & x-r<L = on line (David Allen, pers. communication), where x is the x coordinate of the 
tree, r is the radius and L is equal to x coordinate of the line transect.   
 One additional sampling method was conducted in the program Matlab. All trees in the 
Big Woods were plotted according to their x and y coordinates, and 1000 100-meter line 
transects drawn randomly at many random angles. 
 Uncorrected data from all sampling methods were used to calculate “observed” size 
frequency distributions of Quercus spp., A. rubrum and P. serotina. Distributions were binned 
into 5cm diameter size classes i. These distributions were then corrected for ecological count 
based measure biases by multiplying observed frequencies by a correction term specific for line 
intercept methods (Zuvloni et al., 2008). The correction term was just 1 divided by the average 
diameter of every size class i. Differences in distributions between sampled and corrected data 
for each method and species distribution were compared using Kolmogorov-Smirnov Tests. 
 

RESULTS 

 Differences between observed and corrected frequencies proved insignificant within 
forest and wall datasets (Table 1). Quercus spp. and P. serotina distributions sampled in R as 
well as Quercus spp. and A. rubrum distributions sampled in Matlab did not deviate significantly 
from corrected frequencies (Table 1). However, the abundance of large trees was consistently 
overestimated, while small tree abundance was consistently underestimated (Fig. 7,8).  
Differences between observed versus corrected frequencies of A. rubrum in R, and P. serotina in 
Matlab were marginally significant (p=.098) (Fig. 9,10).  

Table 1. Kolmogorov-Smirnov test results for each data set and transect type. 

 

Data Set:group Number of transects 
performed 

Maximum difference 
between cumulative 
distributions 

P-value 

Forest: oak 5 .11 1.000 
Wall: oak 16 .33 .308 
R: oak 49 .22 .710 
Matlab:oak 1000 .33 .218 
    
Forest: black cherry 5 .40 .313 
Wall: black cherry 16 .25 .786 
R: black cherry 49 .33 .218 
Matlab: black cherry 1000 .39 .098* 
    
Forest: red maple 5 .30 .675 
Wall: red maple 16 1.00 1.000 
R: red maple 49 .39 .098* 
Matlab: red maple 1000 .35 .190 
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Fig. 7. Bar graphs of observed and corrected frequencies for the forest dataset after 5 transects. 
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Fig. 8. Bar graphs of observed and corrected frequencies for the wall dataset after 16 transects. Oaks, n=10; red 
maples, n=17; black cherries, n=16. 
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Fig. 9. Bar graphs of observed and corrected frequencies for the R dataset after 49 transects. Oaks, n=165; red 
maples, n=90; black cherries, n=132. 
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Fig. 10. Bar graphs of observed and corrected frequencies for the Matlab dataset after 1000 transects. 
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DISCUSSION 
 

We found that observed distributions from forest belt transects did not differ significantly 
from corrected distributions.  However, small trees were consistently underrepresented and large 
trees, overrepresented.  Results for wall transects gave similar results.  This has implications for 
sampling considerations, namely that while transects are a valid methodology, corrections should 
be applied to the data.   

One further practical implication is that the larger the area to perimeter ratio, the less 
correction the results will need.  Thus, a belt transect provides more accurate results than a line 
transect.  We can extend this finding to quadrats, which have an even lower perimeter to area 
ratio.  On an intuitive level, if there is a 100m square plot, the area which produces sampling bias 
is 40 m.   However, a belt transect which samples the same area (a width of 2m and a length of 
50m) has a perimeter of 104m, which gives that much more bias.  We also extend the insight that 
a circular plot has the lowest perimeter to area ratio, and is thus the best way to reduce bias 
before corrections are made. 

Our virtual R transects accumulated enough bias to create marginally significant 
deviations from the corrected distributions for A. rubrum. Similar results were obtained for 
Matlab transects of P. serotina distributions.  Interestingly, both A. rubrum and P. serotina have 
a large number of underestimated small individuals but few overestimated large individuals.  A 
lack of overestimated large individuals may increase overall disparity between sampled and 
observed distributions.  Since the distribution of oaks is more normally distributed, biases for 
small and large individuals may cancel each other out. 

Increased sample size may also account for these marginally significant differences.  
Considering the inherent biases of our size frequency distributions to underestimate smaller and 
overestimate larger individuals, increasing sample size may inadvertently increase bias leading to 
less accurate distribution estimates. These results are in direct conflict with the Central Limit 
Theorem, which implies that increasing sample size effectively reduces errors due to imprecise 
data collection (Dudley, 1978).  The theorem presumes that these errors are stochastic in nature.  
However, since biases are inherently non-stochastic, increasing sample size does not 
approximate correct values, and may actually serve to decrease overall accuracy through 
accumulation of error. 

The major finding of our research, that transects and plots (belt transects) result in 
datasets which are biased against small individuals, has direct implications for Quercus 
regeneration studies.  Primarily, if the studies outlined in the introduction used plot or sampling 
techniques without correction, then they have understated the number of sub-canopy oaks.  In 
our own results, we found that when we used belt transects, Quercus trees between 10cm and 
25cm only composed 12% of stems sampled.  However, once corrected, we found that Quercus 
trees between 10cm and 25cm composed about 28% of stems.  This was even more true with 
traditional transects.  Thus, transects severely over exaggerated the magnitude of the lack of oak 
regeneration in the E.S. George Reserve.  However, at the same time, this method also 
underestimated the prevalence of red maples and other smaller trees.  In essence, while our 
results suggest that Quercus is in fact regenerating in the Big Woods, other species such as A. 
rubrum and P. serotina are also far more numerous in the subcanopy.   
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NEUTRAL THEORY AND THE PREDICTION OF THE SPECIES DISTRIBUTION OF AN EDGE 
HABITAT  

 
MELISSA BRADY 

 
Abstract. Neutral theory has been offered as an alternative view to niche theory. Here I 
test to see whether predictions from neutral theory work well in predicting the species 
abundances of an edge habitat. I predict that, since edge habitats may be subject to more 
random effects than non edge habitats, neutral theory predictions will be a good fit. 
Based on my results, it seems that this model is not a good fit for the particular system I 
studied, and I propose a few reasons why this is the case.   

 
INTRODUCTION  

 Neutral theory has come about as a counterpoint to niche theory, where species separate into 
their own spaces due to differences between the species. In neutral theory all species are similar:  
patterns of species distributions are due to random demographic fluctuations, and spaces in the 
community are filled in proportion to the species present (Hubbell 2001). 
 Schmalhausen’s law states that species on the edge of their range will be more vulnerable to 
random perturbation of the environment (Levins 2004). Because of this, it seems as though the species 
distribution of an edge habitat will be more subject to random fluctuations, and therefore be modeled 
more accurately by a neutral theory type of model as opposed to a niche theory type of model.      
  
 

METHODS 
 For this study I wanted to compare the species distribution of an edge habitat predicted  from a 
neutral theory model with the species distribution of an edge in nature. The type of edge that I chose 
was the edge between a field and a forest. The edge between these two habitats was arbitrarily 
designated as the area where the trees thinned out significantly.  Data was collected from the E.S 
George Reserve, located in  Pinckney, Michigan. Data was collected from two sites within this reserve: 
the field habitat I chose was the Old Field, and the edge habitat was the edge between the Big Woods 
and the Old Field. For each of these sites, I constructed two 40m x 40m transects, and recorded the 
species abundance of trees and Autumn Olive taller than chest height within the transect. The forest 
habitat I chose was the Big Woods, and I used the species abundance data that was available online.  
 To get the species distribution predicted from neutral theory, an empty lattice was set up, with 
the number of available spots equal to the average amount of trees I counted between my two edge 
habitat transects. For each spot, a habitat was randomly chosen – either the Big Woods or the Old 
Field. Then, a species is chosen for the empty spot by drawing from the species distribution for this 
habitat.  
 To compare whether this predicted edge species distribution matched with the species 
distribution I recorded in my edge transects, I performed a Kolmogorv-Smirnoff test, which gives the 
probability that two lists of numbers are drawn from the same distribution.  
 

RESULTS 
 Following is the species distribution that was observed in the edge habitat. It was compiled by 
sampling 200 trees from my two edge transects.  
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Figure 1:Species distribution of the edge as observed in the field. The bins, from right to left, stand for Black Oak, Juniper, 
Autumn Olive, Hickory, Cherry, and Honeysuckle, respectively.  
 
Below is the distribution of field species observed. As above, it was compiled by choosing 200 trees 
from the two field transects.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2:Species 
distribution of the field as observed. The bins, from right to left, stand for Black Oak,  Hickory, Juniper, Cherry,  Autumn 
Olive,  and Honeysuckle, respectively.  
 
Following is the species distribution of the forest habitat. It was generated by sampling 200 trees from 
the Big Woods data set.  
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Figure 3:Species distribution of 
the forest as sampled from the Big Woods dataset. The bins, from right to left, stand for Black Oak, Juniper, Autumn Olive, 
Hickory,  Honeysuckle and Cherry, respectively. 

 
Below is the species distribution of the edge habitat predicted by a neutral theory model, as described 
in the methods.  
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 4:Species distribution of the edge as observed in the field. The bins, from right to left, stand for Black Oak, Juniper, 
Autumn Olive, Hickory, Cherry, and Honeysuckle, respectively. 
 
One can already see that this distribution looks quite different from the observed edge distribution in 
Figure 1, particularly with regard to the abundance of cherry trees. A Kolmogorov-Smirnov test was 
conducted to compare the species distribution observed for the edge habitat in the field and the species 
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distribution of the edge predicted by simulation. A higher p-value would indicated that these two data 
sets were drawn from the same distribution. The p-value that the Kolmogorov-Smirnov test produced 
was 1.338x10-9. That is, these two sets of data were drawn from different distributions.  
  

 
DISCUSSION 

 Based on the results of the Kolmogorov-Smirnov test, the predicted edge distribution and the 
observed edge distribution were drawn from two different distributions. This means that the neutral 
theory model was not a good predictor of the edge species distribution, for it is yielding very different 
results. There could be several explanations for this. First, my methods may not be accurately 
portraying a neutral model: the species distribution that I gather for the field habitat and edge habitat 
are from four rather small samples. Also, from the histogram in Figure 3 we can see that the big woods 
data set included many Cherry trees, but I did not observed many Cherry trees in the forest right around 
my study area. The Big Woods data set may cover to great a distance to merely be sampled for a 
neutral model, which is about local dispersal.  
 Secondly, a neutral model may not be the best for modeling a community undergoing 
succession. The E.S George Reserve was not free from human disturbances, and the Old Field is no 
exception. For example, the edge that I choose was near a power line and a grassy road, where it is 
assumed the trees had been cut back. It has been found that species diversity can decrease during 
succession, and that diversity patterns can vary under different disturbance scenarios (Denslow 1980).  
Under these conditions, it is clear that there is more than demographic stochasticity and proportional 
colonization occurring.     
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SEEDLING ESTABLISHMENT OVER A DISTURBANCE GRADIENT EXPOSES A 
SPECIES DOMINANCE SHIFT WITHIN AN OAK-HICKORY FOREST 

DANIEL POON 

ABSTRACT 

Abrams (1998) suggested that red maple is responsible for the displacement of 
oaks from oak-hickory forests.  The exact mechanism by which this displacement 
might occur is not known.  I used a pre-existing disturbance gradient in an oak-
hickory forest to examine the seedling population that establishes in light-
abundant and light-limited regions.  These figures are interpreted as a proxy for 
successional time.  While oak seedling abundance did not change across the 
examined gradient, oak seedling dominance declined as a function of shade.  This 
decline was caused by an increase in the establishment of hickory seedlings, and 
occurred even in the local near-absence of red maple.  These results raise the 
possibility that competition from hickory in shade may impede the regeneration of 
oaks, causing oak populations in oak-hickory forests to decline even when red 
maple is absent. 
 

INTRODUCTION 

Previously in the course, we investigated self-similarity in the allometry of trunks and 
branches in the Big Woods.  We found a significant oak-driven deviation from the expected 
power law distribution in DBH, indicative of forest-wide demographic shift away from an oak-
dominated population.  (Poon et al., this volume)  This shift is consistent with our previous 
understanding about the successional dynamics of the forest as an oak-hickory dominated system 
being succeeded by Acer rubrum (red maple) and Prunus serotina (black cherry) due to fire 
suppression (cf. Abrams 1998). 

Abrams (1998) also predicted the continued loss of oak and pine forests in the eastern United 
States as a primary consequence of A. rubrum expansion.  This assertion in turn raises a 
question: does the intrusion of understory species such as A. rubrum indeed cause the decline in 
oak dominance and oak regeneration that has been observed in the Reserve?  An alternative, 
obviously not an exclusive one, is that oak dominance declines due to other factors and that A. 
rubrum and P. serotina fill the vacancies left behind by the declining oak population. 

I was interested in looking at the demographic shifts of the oak-hickory forests in the 
Reserve.  Due to the one-day, individual nature of the project I decided to work with a proxy that 
was tractable over that time; otherwise, an approach involving long-term monitoring at multiple 
sites within the greater metacommunity mosaic of the Reserve would otherwise have been 
expected. 

The methodology for this study is inspired by previous studies done by my advisor in 
examining the biogeographic effects of climate change.  Ibáñez et al. (2009) evaluated the 
potential success of migrant species that would be likely to colonize regions of North Carolina 
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forests by transplanting potential migrants into regions whose current climatic conditions (light, 
temperature, moisture) were similar to those projected in the future for the North Carolina 
forests.  It can be loosely said that they substituted a spatial gradient across a wide range of 
different sites for a temporal gradient across the timeframe of predictable climate change. 

The idea that observation along a purely spatial gradient can to some degree substitute for 
observation along a more convoluted envirospatiotemporal gradient sets the basis for the present 
study.  I here exploit a disturbance gradient in a forest to look through successional time in that 
same forest, using seedling dominance as an indicator for the future population of trees at large.  
My two goals were to determine a) whether or not the decline in oak dominance can be seen in 
the seedling population, and b) to what degree that decline can be dissociated from the influence 
of red maple.   

METHODS 

Study site 

There runs a power line along the boundary between the Evans Old Field and the Big Woods 
just north of Esker Road.  The maintenance of this power line involves somewhat regular 
(annual, I suspect) mowing of the terrain, resulting in an opening about 8 meters wide 
underneath the power line that has come to be called “the double-edged sward.” 

Transects and measurements 

Four ~75-m transects were laid out at ~2- to 3-m intervals parallel to the power lines 
bordering the Evans Old Field and the Big Woods.  Transects 1 and 2 were located within the 
mowed region underneath the power lines.  Transect 3 followed the edge of the Big Woods 
forest.  Transect 4 was past the first row of large trees, inside the Big Woods forest.  At 3-m 
intervals along each transect, 1-m-circular sample plots were demarcated.  I recorded the number 
of seedlings present within each plot of each genus (and species if I could identify them 
accurately).  No attempt was made to correct for seedling size bias in sampling.  

Data analysis 

Principal components analysis upon the seedling abundances of the dominant clades was 
done using R 2.9.1. 
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RESULTS 

Table 1: Seedling census results by phylogeny 

 

The great majority of the seedlings fell within three taxa: 1) the hickories, genus Carya 
(Juglandaceae), which in the E.S. George Reserve are known to comprise C. ovata (shagbark 
hickory), C. lacinosa (shellbark hickory), and C. glabra (pignut hickory), 2) the oaks, genus 
Quercus (Fagaceae), comprising Q. velutina/Q. rubra (black/red oak, as well as their hybrid) and 
Q. alba (white oak), and 3) three species within the Rosaceae comprising Prunus serotina black 
cherry), Prunus virginiana (choke cherry), and Amelanchier arborea (downy serviceberry).  
Other seedlings observed included Populus grandidentata (bigtooth aspen), Ulmus americana 
(American elm), and Acer rubrum (red maple).  A. rubrum was rare in the survey site, 
represented only by two seedlings. 

Figure 1 shows the spatial distribution of the seedlings.  Transects 1 and 2, in the open, were 
dominated by oak seedlings.  Transects 3 and 4 moved progressively further into the forest and 
were increasingly dominated by hickory along the same gradient.  Increase in hickory dominance 
seems to be associated with shade, because the hickory-dominated regions of Transects 1 and 2 
were comparably shady to Transects 3 and 4.  Presence of the three ROSACEAE species is only 
significant in the innermost region of Transect 4. 
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Figure 1: Spatial patterns of seedling abundance of the three dominant clades 
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Figure 2: Separation of transects in the PC space defined by seedling abundance of dominant clades 

 

When PCA is done on the abundances of the three dominant clades, and the seedling counts 
from each individual plot are plotted in the resultant space as in Figure 2, the transects show a 
significant degree of separation.  A positive score on PC 1, plotted on the abscissa, indicates a 
greater abundance of Carya seedlings and seedlings of the three ROSACEAE, whereas a negative 
score on PC 2, plotted on the ordinate, indicates a greater abundance of oak.  Along the gradient 
from transects 1 and 2 beneath the power line through transect 3 at the forest boundary to 
transect 4 within the forest, a distinct shift in the composition of the seedling cohort is 
observable. 

Tabulation of the abundance and Simpson dominance of the three dominant clades by 
transect confirms these observations.  Quercus seedling dominance declines along the gradient of 
transects, as the dominance of first Carya seedlings and subsequently ROSACEAE seedlings 
increases. 

Table 2: Mean seedling abundance and Simpson dominance of three dominant clades by transect 
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DISCUSSION 

Hickory may inhibit oak regeneration 

Abrams in The Red Maple Paradox (1998) suggests that the suppression of fire enables A. 
rubrum, an ecologically aggressive yet fire-vulnerable species, to colonize stands of oak-hickory 
forests and displace them.  I observed a decline in Quercus seedling dominance even in the local 
near-absence of A. rubrum.  This decline in dominance is primarily driven by the greater 
abundance of Carya seedlings in shade, which suggests that the interaction between oak and 
hickory may be more important to oak dominance and regeneration than that between oak and 
red maple is. 

Hickories themselves tend to be very fire-sensitive.  Huddle and Pallardy (1995) conducted 
long-term tests of controlled burning in a Missouri oak-hickory forest, which showed very low 
survival rates of hickory in plots that were burned in spring every four years (0.5% over 35 
years, compared with 16.2% for red oak group trees in the same plots over the same time period.)  
This makes it seem highly unlikely that oak-hickory forests would have been stable under Native 
American fire management practices, which involved periodic burning. 

Many accounts of early European settlers describe sparse oak forests with little to no 
understory vegetation.  The most stable community underneath Native American fire 
management was probably oak savannah.  One of the most direct consequences of frequent, 
controlled fire in this community was the suppression of fire-sensitive hickory trees, whose 
seedlings frequently established under the shade of the oak trees but could never grow to reach 
the forest overstory as long as fires were frequent. 

Under a fire-suppressive management strategy, however, the more shade-tolerant hickory 
seedlings are not limited from reaching the canopy.  I would suggest on the basis of the present 
findings that the more-understory-heavy habit of large hickory trees may be sufficient to allow 
hickory seedlings to outcompete the more light-demanding oak seedlings, thereby inhibiting the 
regeneration of oaks.  Over time, then, this would result in the gradual replacement of oaks with 
hickories. 

The conclusion that one would draw from this line of thinking is that oak-hickory forests are 
inherently unstable, not only because they are vulnerable to being displaced by understory 
communities, but also because they undergo a constant internal demographic shift away from 
oak dominance. 

An interesting question, although possibly an ecologically moot one, is whether or not A. 
rubrum can actually displace an oak savannah without the oak savannah first being invaded by 
hickory.  For instance, A. rubrum seems to be coexisting with Quercus bicolor (swamp white 
oak) in Cassandra Woods, where hickory is largely absent from the canopy (but see Hood, this 
volume, for evidence that the oak population there may not be stable ether.) 
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Limitations of the present study 

One important criticism of the choice to use seedling census as a proxy for future population 
is that it is simply not reliable.  There are many mortality factors that act on any given plant in its 
different growth stages, from seedling to sapling to canopy tree, which cannot be gauged by 
looking at seedlings alone.  However, given that the relative abundance of oak declines by about 
a factor of 4 across the gradient of transects, post-seedling-stage selection factors inside the 
forest would have to favor the oaks by at least those odds for the key finding of this study to be 
compromised. 

Another critcism ought to be leveled at the limited site scope in relation to the patchiness of 
the distribution of the seedlings.  I have no scientifically valid answer to this criticism – not only 
was the site selection and sampling methodology artificially constrained by the time and 
manpower available for the project, they were also originally intended to suit another 
experimental design entirely. 

With this in mind, then, the present study represents just one preliminary study in an entire 
family of related studies over a long term.  One would need to look at oaks in all stages of 
growth, from seedling to sapling to canopy tree, in both the presence and absence of key species 
including both A. rubrum and the ubiquitous and invasive Elaeagnus umbellata, located in a 
variety of sites within the metacommunity mosaic of the Reserve in order to get a clearer picture 
of the overall progression of oak-hickory forests in the E.S. George Reserve. 
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EXAMINING ANT MOSAIC IN THE BIG WOODS OF THE E.S. GEORGE RESERVE 

HYUNMIN HAN, JES SKILLMAN, AARON IVERSON, THERESA ONG, ELIZABETH 
HOOD, HOU YI, AMANDA GRIMM, JOHN VANDERMEER, IVETTE PERFECTO 

Abstract. Many ant colonies form a spatial pattern across the landscape through mutual 
exclusion.  Here, we examined the possible spatial patterns of Camponotus species 
within the ant mosaic in the Bigwoods forest of Edwin S. George Reserve of the 
University of Michigan, Ann Arbor. The results indicated that there is no observable ant 
mosaic in the Big Woods of the E.S. George Reserve. We attribute these unexpected 
results to: a) large grid size b) competitive exclusion of the Camponotus species c) 
temporal variation in the activity of Camponotus. However, there was an observable 
pattern amongst Aphaenogaster species; data of Aphaenogaster in the Bigwoods 
indicated a spatial pattern of self organization, possibly due to their use of pheromones.  

INTRODUCTION 

Studies of ant communities have yielded several recurring structural and functional 
patterns across the landscape for many years. Inter-specific competition is prevalent for many ant 
species and has been attributed to the assemblage of spatial patterns in many ant communities 
(Schoener 1982). This pattern tends to be described as aggregated ant colonies that exhibit 
mosaics across a landscape and have been studied extensively for ant communities in the 
canopies of tropical forests (Djieto-Lordon & Dejean 1999). Dominant arboreal ant species that 
build nests in tree trunks are highly populous, have polydomous colonies that exhibit 
recognizable intra-specific and inter-specific territoriality. Consequently, their territories are 
distributed in a mosaic pattern (Lordon & Dejean 1999). 

 A preliminary study (Yitbarek, unpublished) of two terrestrial species of forest ants in 
the Big Woods of the Edwin S. George Reserve, Camponotus pennsylvanicus and Camponotus 
noveboracensis, tested for correlations between ant distributions and mosaic-like patterns of the 
local plant community (Vandermeer et al., unpublished). Mosaic-like patterns in which one 
species excludes the other is a widely known phenomenon of many ant communities (Davidson 
et al., 2007). Competition between ant species is often elicited to explain this mutual exclusion 
(Van Zee et al., 1997). These patterns are well-documented in arboreal ants (Dejean et al., 2000), 
but sometimes contested in terrestrial species (Jackson, 1983). Yitbarek could not discern any 
spatial patterns in his preliminary study since most plots were dominated by a single species (C. 
pennsylvanicus or C. noveboracensis).  

We presume that this dominance is a result of an artifact of small scale (20m plots). Thus 
we expected to observe a finer pattern by increasing the size of the scale. We hypothesized that 
the increase in plot size will capture the bigger scaling patterns of different ant species. Thus we 
expect to observe an ant mosaic in the Big Woods of the Edwin S. George Reserve. 
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METHODS 

The study site was Big Woods in the E. S. George Reserve, owned and operated by the 
University of Michigan. Big Woods is a mosaic of oak-hickory forest with the understory 
dominated by Prunus serotina and Acer rubrum.  The study was conducted in a 100 x 160m plot 
in the Big Woods. 10 transects were made from the South edge of the plot towards the North 
edge. Each transect had 10 sampling points, each separated by 10m; 10m distance was 
determined as an approximate through estimated steps of the sampler. Sampling points of 
transects were determined by using the closest tree the corresponding tag on it. These data were 
used to place the ant specimen on the exact location within the Big woods. Tuna baits in oil were 
placed on the sampling points. It is important to use tuna in oil because the baits will not dry out 
before they are checked for occupancy. After approximately three hours, we returned to the baits 
to observe and collect ant occupancy.   

For every species but Camponotus spp we used an aspirator to collect ants on the baits.  
We stored the ants in small vials to perform field identifications and were later confirmed in the 
lab.  Camponotus spp were too large to pick up using the aspirator and therefore were placed into 
the vials by hand.  Upon returning to the lab, we preserved the ants for identification. Finally, the 
resulting data points plotted on the landscape coordinate were used to estimate the power law 
distribution. 

RESULTS 

Species occupancy of the baits showed that the composition of the relative abundance of 
ant species were substantially different from the Yitbarek’s study (fig 1).  Camponotus, the most 
common genus in original 20m plots, were found in only 9 sampling locations of the 100 
samples (fig 2). Consequently, the data were insufficient to perform the spatial analysis. The 
most dominant ants were Aphaenogaster (fig 3), followed by Formica and Camponotus (fig 2 
and 4).  
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Fig. 1 Bait occupancy for ant species.  

 

Fig. 2 Camponotus distribution in Big Woods 

 

 

 

 

 

1. Aphaenogaster 
spp. 

2. Myrmica spp. 

3. Formica spp. 

4. Lasius spp. 

5. C. nearticus 

6. C. pennsylvanica 

7. Prenolepus spp.  

8. Lepto spp. 

9. L. niger 

10. C. novoborensis 

11. C. ligniperda 

57



Fig.3 Aphaenogaster distribution in Big Woods 

 
Fig.3. Formica distribution in Big Woods 

 

 

For the Aphaenogaster species, their clusters were spatially patterned (fig 4). Their 
cluster distribution within the ant mosaic showed significant self organization and fitted the 
power law distribution for Aphaenogaster ants (R2 value =0.941) (fig 5).  
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Fig 4. Spatial distribution of Aphaenogaster 

 

Fig.5. Power function of Aphaenogaster 
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DISCUSSION

We did not observe an ant mosaic that we expected; the dominance of Aphaenogaster 
over all the other species was observed. One reason might be a too large of scale in the plot itself. 
Our plot size of 100x100m might have been too big compared to Yitbarek’s 20x20m plot. We 
assume in order to examine this, a set of intermediate plot sizes can be tested and the spatial 
patterns of different plot sizes can be analyzed. 

 Camponotus colonies were too low in frequency; no clustering of the colonies were 
found to fit a power function  We predict that competition, temporal vairation, scale of plots, or a 
combination of one or more of these factors explain this difference from the study of Yitbarek.  

Behavior and foraging strategies differ significantly among ant species. Aphaenogaster 
rudis, the most abundant ant in our study, is very common in eastern deciduous forests and is 
often one of the dominant species on the forest floor (Fisher 2007).  When defending food 
sources, earlier studies of A. rudis report intermediate aggression levels relative to other species 
(Lynch 1980, Fellers 1987).  However, this normally subordinate ant can express dominance 
when numerically superior to other species at a food source (Fellers 1987). Even if it has been 
driven away from a food source by a more aggressive species, A. rudis often remains nearby, 
utilizing a “jackal strategy”: A. rudis workers gain limited access to the contested food by darting 
past workers of the often larger, slower aggressive species, snatching a food particle and fleeing 
(Lynch 1980). While not particularly large or aggressive, Aphaenogaster rudis is efficient in 
discovering food, and is typically one of the first species to arrive at a food source (Fellers 1987).  
Rapid recruitment to food coupled with dominance of food sources through sheer numbers may 
have allowed A. rudis to monopolize many bait stations, masking the presence of other ant 
species which were actually present in the area. Consequently, the lack of Camponotus in our 
study can be due to the competitive exclusion of Camponotus by Aphaenogaster.  

Temperature is considered to be the primary physical factor affecting foraging rates of 
ants (Folgarait, 2007). Michigan has a continental climate with well-defined seasons. The 
warmest temperatures and longest frost-free period are found most generally in the southern part 
of the lower peninsula. Most ant species show seasonal shifts in daily activity cycle: spring and 
summer patterns differed for Camponotus species, with a marked trend toward increased 
nocturnalism in summer to avoid critical temperatures (Cannon 1998). Diel foraging activity in 
Camponotus pennsylvanicus as determined by counts of foragers over a 24-hour period in May, 
June and August (Cannon 1998). The frequency with which foragers left the nest fluctuated at a 
low level during daylight hours, and then escalated sharply shortly after sunset (Cannon 1998). 
In the forest area, canopy cover creates a heterogeneous environment, since there were sunny and 
shaded areas throughout the day. Shaded areas received lower levels of solar radiation and 
reached lower temperature than sunny areas. Lasius forage only during cool, damp weather; 
Myrmica and Aphaenogaster confine their hunting to periods of moderate temperatures; 
Camponotus ants typically do not forage in extreme afternoon heat; the typical field Formicas 
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are evidently adapted to withstanding higher temperatures (Cannon 1998). Consequently, there 
might be a seasonal variation in the composition of the ant species that are active during the 
afternoon we sampled. Camponotus species may have been less active due to their preference of 
cooler temperature than Aphaenogaster species that were more abundant in our samples.  

The relative scarcity of Camponotus in this field trial may reflect the grid scale that was 
employed.  Yitbarek’s grid in the past summer employed 2x2m grids that captured an abundance 
of Camponotus. This smaller distance between baits could have played a role in the abundance if 
the baits happened to be focused in an area with a particularly high colony density of these 
ants.  Camponotus have relative large colonies up to 2,500 individuals for a colony (Coovert 
2005). Therefore it is possible that even the presence of one or a few nests in the small sample 
area could have resulted in a high prevalence on the baits.  The scale of the current study, with 
baits arranged in a 10x10m grid, could have been too large to capture the actual abundance of 
Camponotus if the baits were located too far from their nest sites.  

Aphaenogaster species ants exhibited a power function when plotted by cluster size and 
frequency of the cluster sizes (R2 value = 0.9411) (Fig. 5). Power law distribution of cluster sizes 
and its frequency is an indication of a self organization (Rosendahl et al. 1993). Self-organization 
is an apparent increase of complexity without the influence of outside sources in a given system 
through the process of attraction and repulsion of internal organization (Rosendahl et al. 1993). 
The power law distribution supports the self organization in space by ants in the Big woods of 
E.S George Reserve. A possible mechanism of the Aphaenogaster forming self-organization can 
be due to pheromone trails left behind within the Aphaenogaster dominated zones that repel 
other ant species. It is shown that some Aphaenogaster species exude pheromone trails that can 
repel other ant species to avoid direct engagement (Wheeler et al. 1981). Moreover some models 
explore the influence of turning rates and local perception of traffic flow using the prevalence of 
these pheromones (Couzin and Franks 2003). With such competitively exclusive capacity, self-
organization may have been readily observable with the Aphaenogaster. 

We conclude that we did not find a convincing ant mosaic for the Big Woods of the E.S. 
George Reserve. We predict that the failure of the appropriate pot size and a change in ant 
community over the season contribute to this result. Moreover, we found that the dominant  
Aphaenogaster  clusters formed an apparent self-organizing pattern across the spatial structure of 
the Big Woods of the E.S. George Reserve. 
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ADVENTURES IN SELF-ORGANIZATION: SPATIAL DISTRIBUTION OF JAPANESE 
BARBERRY IN THE E.S. GEORGE RESERVE 

 
AMANDA GRIMM , JOHN VANDERMEER, AARON IVERSON, MEGAN BANKA, 

ALEXA UNRUH, YI HOU, DANIEL POON, MAIRIN BALISI, DIANA GUZMÁN 
 

Abstract. Spatial self-organization has previously been observed in many plant species.  
We examined the distribution of Japanese barberry, Berberis thunbergii, in order to 
determine whether a consistent pattern of distribution existed and, if a pattern was 
found, whether its formation was driven by self-organization or by environmental 
heterogeneity.  We measured slope position and aspect as exogenous environmental 
variables which could affect B. thunbergii distribution.  We found that B. thunbergii 
distribution within our study area fit a power law regression, indicating self-
organization.  We also found that B. thunbergii cover was significantly higher on slopes 
with an eastern aspect.  We discuss the implications of these competing results. 

 
INTRODUCTION 

Patterns resulting from self-organization prevail in many areas of nature, including some 
biological and ecological systems.  These so-called self-organized systems aggregate in a 
complex manner without guidance from an outside source; they range from the physical, as with 
sand grains collectively forming cones or dunes, to the biological, as with fish clustering into 
schools (Camazine et al. 2001).  Meanwhile, on the opposite side of the spectrum from complete 
self-organization are patterns derived from an external guiding source, such as plants distributed 
according to a pre-existing matrix of different types of soil.  In reality, many patterns found in 
the natural world are formed by an interaction between endogenous and exogenous factors.  In 
one well-studied example, vegetation in arid regions forms a variety of distinct patterns, 
including bands, labyrinths, and spots.  The simplified interpretation of this phenomenon is that 
water infiltrates into vegetated ground faster than into bare soil, with the result that surface water 
is displaced to vegetated patches.  As plant density increases, the rate of surface water infiltration 
asymptomatically approaches a maximum (Rietkerk 2002).  This relationship drives the patterns 
observed in arid lands – a pattern caused by a combination of exogenous factors (rainfall rates, 
lateral flow of surface water) and endogenous factors (infiltration properties of vegetated 
ground).   

As an organism enters a new area, its pattern of distribution may be driven by either 
exogenous or endogenous mechanisms of pattern formation, or by a combination.  Of special 
interest are the distribution patterns of invasive plants as they colonize new patches of land; 
understanding of the mechanisms behind their pattern formation may help inform efforts to curb 
their expansion and preserve native species.  In this study, we examine the pattern of distribution 
of Japanese barberry (Berberis thunbergii), an invasive shrub.  

Japanese barberry was introduced to the West when it was discovered in the mountains of 
Japan and sent to St. Petersburg Botanic Gardens in 1864. Circa 1875, seeds from St. Petersburg 
were sent to the Arnold Arboretum in Massachussetts and, from there, introduced to North 
America. Japanese barberry has been extremely popular as an ornamental due to its bright red 
berries, fall color, and ease of cultivation (Brunelle 1996). As its fruits are often eaten by birds, 
the plant quickly naturalized and became problematic, and is now reported to be invasive in 20 
states, including Michigan (Swearingen 2009).  B. thunbergii forms dense stands in natural 
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habitats, shading out and displacing native plants.  It produces large numbers of seeds with high 
germination rates; these seeds are readily dispersed by birds and small mammals that feed on the 
barberry’s red fruit.  B. thunbergii is now one of the dominant understory shrubs in the E. S. 
George Reserve.  Like several other invasive plants, it is versatile and able to thrive under a 
broad range of light conditions: it prefers to grow in full sun to partial shade but will flower and 
fruit even in heavy shade.  In full sunlight it competes with other fast-growing tree and shrub 
species; under tree canopy it can also dominate the understory, negatively affecting the biomass 
of surrounding herbs and shrubs (Silander and Klepeis 1999).  

This study examines the pattern of distribution of Berberis thunbergii in the Big Woods 
of the E. S. George Reserve and attempts to determine 1) whether a consistent pattern exists and 
2) whether the pattern results from self-organization, pre-existing environmental heterogeneity, 
or both.   
 

METHODS 
The study was conducted in a section of the Big Woods of the E.S. George Reserve in 

Pinckney, Michigan, adjacent to Esker Road.  The Big Woods is a forest dominated by large 
oaks and hickories, with an understory consisting primarily of Prunus serotina and Acer rubrum.  
All trees of DBH > 10cm within the Big Woods plot have been numbered with an aluminum tag 
and georeferenced.  On September 26, 2009, we estimated barberry cover across a 5 meter 
square lattice grid, utilizing the tagged trees to locate our data points.  Our study area covered 
approximately 2.5 hectares (Fig. 1).  At every point on the grid, a two person team located the 
nearest tagged tree and recorded tree number, tree species, slope position, aspect and an estimate 
of barberry coverage within 2.5 meters of the tree.  Barberry coverage was estimated to the 
nearest 10 percent.   

 
Fig.1. Study area. 

 
 

Data analysis 
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Samples were plotted on a coordinate 
system using existing georeference data for 
the numbered trees.  A circle of 
approximately 8m in diameter was drawn 
around each tree location using Excel.  
Circles corresponding to samples with a 
barberry coverage of greater than 20 percent 
were considered “occupied” by barberry 
(Fig. 2.).  At each barberry-occupied 
location, the size of the barberry cluster was 
modeled as the number of “occupied” circles 
which overlapped. 
  

Fig. 2. Each circle represents a point at which 
coverage was assessed; circles shaded in gray 
represent samples “occupied” by barberry (coverage 
of >20 percent). 

 
To test for any significant difference in barberry cover between the different aspect 

categories, a p-value was estimated by comparing the mean barberry cover for each category 
with the mean cover from 10 000 resampled populations (with replacement) of equal size from 
the general population. 

 
RESULTS 

Barberry cluster sizes ranged from 1 
to 12 with corresponding frequencies of 13 
to 1 (Table 1.). Using Excel and its LINEST 
function, a graph of ln(cluster size) vs. 
ln(cluster frequency) was made and a power 
law regression fitted (Fig. 3.).  The 
corresponding R2 value of 0.93 indicates 
that the power law regression was a good fit 
for the data. 

Slope position / aspect of B. 
thunbergii coverage was recorded as being 
in one of six categories: top of the esker, 
bottom of the esker, or slope of the esker 
with an aspect facing one of the four 
cardinal directions.  The mean percent 
barberry cover for each category was taken, 
and the mean of samples with an eastern 
aspect appeared to be obviously different 
from the sample means of all other 
categories.  A resampling was performed 
with 10 000 repetitions and it was found that 
barberry percent coverage of samples with 
an eastern aspect was significantly larger 
than all other samples (p<0.01) (Fig. 4.). 

 
 

 
Table 1. Number of clusters per size category. 
Cluster Size Frequency 
1 13 
2 5 
3 3 
4 3 
5 3 
7 1 
9 1 
12 1 
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Fig. 3. Log-log plot of the frequency of each barberry 
cluster size.   

 
 
 

 
Fig. 4. Mean percent barberry cover on east-facing 
sloped compared with mean percent cover of all other 
samples.  Error bars represent standard error. 

DISCUSSION 
First, our study found a distribution of barberry cluster sizes which was explained very 

well by a power law regression.  Power law distribution is considered to be a hallmark of self-
organization (Camazine 2003), so our results would seem to indicate that pattern formation of 
barberry emerges primarily from interactions among barberry individuals in a relatively 
homogenous environment.  Ehrenfeld found that as B. thunbergii plants grow, the number of 
new shoots per plant increases with plant size (1999), offering a possible mechanism for self-
organization.  Those individuals which become particularly large produce more shoots per year, 
thereby growing faster than average-sized individuals.  This could produce a distribution with a 
few very large individuals, which would fit a power law.  Because B. thunbergii is clonal, the 
largest clusters in our data may actually represent just one or a few individuals. 

Second, we found significantly higher barberry cover on east-facing slopes.  From a 
botanical perspective, this is fairly intuitive, as gentle north- and east-facing slopes tend to have 
better soil moisture and soil depth as well as higher organic matter content compared to other 
aspects (Ponder 2003), while at this latitude light availability is higher on east-facing than on 
north-facing slopes.  Additionally, an earlier study specific to B. thunbergii found that variations 
in Japanese barberry stem growth can be explained as a function of light level (Silander and 
Klepeis 1999).  The finding that barberry cover is significantly higher on east-facing slopes 
suggests that barberry distribution is driven by environmental heterogeneity (differences in slope 
position and aspect across the study area). 

Taken together, or two significant results imply that barberry distribution is driven both 
by self-organization and by exogenous factors.  This combination can be interpreted in one of 
three ways.  First, it should be noted that the power function derived from our results is based on 
eight data points.  This suggests the possibility of a Type I error: we believe that a power law 
distribution exists based on our limited sample, when in fact it does not. 

A second possibility is that barberry in the E. S. George Reserve does follow a power law 
distribution, but that it is not self-organized.  Barberry distribution could potentially depend on 
some factor not thoroughly examined in this study, such as canopy tree species, which itself is 
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self-organized.  In this case, the distribution of barberry would appear to be self-organized but 
would in fact be driven by an exogenous factor.  

It could also be the case that spatial self-organization and exogenous factors are 
influencing the distribution of barberry simultaneously.  Perhaps, for example, barberry is self-
organized within each category of slope position/aspect.  If barberry distribution is based on 
multiple factors, as could reasonably be expected in a complex ecosystem, then teasing them 
apart would be outside the scope of a one-day field problem.  Further studies could examine 
distribution of barberry across an area of consistent slope, or include additional environmental 
variables with potential impacts on barberry distribution. 
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DISTRIBUTION OF SARRACENIA PURPUREA CLUSTERS IN HIDDEN LAKE BOG OF 
THE E.S. GEORGE RESERVE 

 

HYUNMIN HAN, JOHN BERINI, ELIZABETH HOOD, ALEXA UNRUH, JANE REMFERT 

Abstract. We test the distribution of phytotelema formed by the Pitcher plant 
Sarracenia purpurea on the Sphagnum dominated Hidden Lake Bog. We analyzed the 
size and distribution of phytotelema clusters in its proximity to the woods and the bog. S. 
purpurea clusters appear to be self-organized in the littoral zones of the bog. We also 
found that the S. purpurea phytotelema clusters were larger closer to the littoral zones 
of the bog than it is to the limnetic zones on the Sphagnum mat. We suspect that this is a 
result of its success in its insect nutrient recruitment towards the woods, where insect 
migrations occur toward the bog.   

 

INTRODUCTION 

 Spatial and temporal patterning is an intriguing theme in ecology as it is observed from 
individual levels to ecosystem levels (Levin 1992). Plants phytomass distributions especially 
tend to show strong spatial patterns that are non-uniform and nonrandom; amongst these, strong 
clustering pattern of species occur through a given ecotone (Greig-Smith 1979). Many times, 
these patches are a result of reservoirs for limiting resources and important biogeochemical 
processes and thus the aggregation of a specific vegetation type (Schlesinger et al. 1990).  

 Sarracenia purpurea, the northern carnivorous pitcher plant, is restricted to environments 
with abundant water and light, but poor in nutrients (Givnish et al. 1984).  Dispersal of S. 
purpurea is very limited and its survival rate is very low. Juveniles therefore tend to be clustered 
around adults (Ellison and Parker 2002). Its physiological distinctive characters confer a unique 
clustering of Sarracenia. On a local spatial structure, S. purpurea inhabit the Sphagnum mats 
that extend from woody areas of the swamp into the open waters of a bog. (Givnish et al. 1984).  
S. purpurea also harbor inquiline commensalists in its phytotelema; dipteral larvae like 
Wyeomyia smithii and Metriocnemus knabi break down organic molecules within the water of 
phytotelema (Heard 1994). 

 Using phytotelema number as a proxy for individual plant, we estimated the distribution 
of cluster size at the ecotone gradient (i.e. woody terrestrial habitat to open water bogs). Based 
on its physiological constraints and life characteristics, we hypothesized that S. purpurea will be 
spatially self-organized in its habitat. Moreover, we hypothesized that S. purpurea cluster sizes 
will be larger towards the open water bog because of the habitat abundance of light, water and 
scarcity of nutrients than the shaded, drier and foliage dominated woody edge.     
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METHODS 

 The study was conducted in the Hidden Lake Bog of the ES George Reserve in Pinckney, 
Michigan.  Hidden Lake Bog is a Sphagnum moss dominated mineral poor fen, with low nutrient 
and low pH conditions. However, because of its distinct plant communities and low nutrient 
levels, its characters can be generally regarded as a bog. On 11 October 2009, we made a 20m 
transect perpendicular to the elongated western side of the Hidden Lake Bog. We then counted 
the number of phytotelema of S. purpurea for distinct individual clusters within 5m both towards 
the open water and towards the woody swamp. We specifically chose the western side of the Bog 
because the elongated eastern side of the bog was dominated by Typha species; thus it seemed to 
have a substantial amount of nutrient input. For each cluster, we measured the distance from the 
center of the cluster to the edge of the woody swamp to look at its spatial distribution. 
Additionally, we took samples of the water, insects and larvae from a phytotelema for each 
cluster for further correlative analyses with cluster size and distance from the edge habitats.  

 

RESULTS 

S. purpurea exhibited a power function when plotted by cluster size and frequency of the cluster 
sizes (R2 value = 0.798) (Fig. 1).  

Figure1. Power function of S. purpurea clusters 
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 The distribution of the mean cluster size showed an inverse relationship with the distance 
from the woods (R2 value = 0.760) (Fig. 2). This result refuted our initial hypothesis that the 
mean cluster sizes are expected to be smaller towards the woods. However, the mean cluster 
sizes were smaller towards the edge of the bog and larger towards the woods.   

Figure 2. Correlation between the mean cluster sizes of S. purpurea and the distance from the woods 

 

 

DISCUSSION 

 The mean cluster size of S. purpurea and its frequency shows a power law distribution 
(Fig. 1). Power law distribution of cluster sizes and its frequency is an indication of a self 
organization (Rosendahl et al. 1993). Self-organization is an apparent increase of complexity 
without the influence of outside sources in a given system through the process of attraction and 
repulsion of internal organization (Rosendahl et al. 1993). Consequently, we suggest that the 
clusters of S. purpurea were a result of self-organization within the system. We predict that the 
life characteristics of S. purpurea explain this apparent spatial self-organization.    

S. purpurea has a very limited dispersal; the median dispersal distance for S. purpurea is 
5 cm (Ellison and Parker 2002). Moreover, its juvenile establishment probability is 5% and often 
the juveniles are clones of its parent; the dispersal mechanism is not known (Ellison and Parker 
2002). With its limited dispersal, low establishment rate and reproductive strategy, we expect 
many of the clusters to be newly colonizing juveniles or expanding clusters of pre-existing 
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individuals. With these qualitatively different patches across the cluster size spectrum, the cluster 
distribution may exhibit a power law.  

We argue that the negative relationship between mean cluster size and the distance from 
the woods (Fig.2) may be attributed the availability of nutrients. Because of its sessile nature, 
many vegetation clusters aggregate around the source of a limiting nutrient like nitrogen 
(Wiegand et al. 2007). In the case of S. purpurea, nutrient acquisition is predominantly from 
capturing insects that are terrestrial (Ellison and Parker 2002). Though S. purpurea prefer 
nutrient poor habitats, the growth of S. purpurea individuals are limited by the amount and the 
rate of intake of insect prey they consume (Ellison and Parker 2002). Consequently, the clusters 
that are towards the edge, thus closer to the woodlands, may have a comparative advantage of 
capturing terrestrial insects within their phytotelema. We were not able to perform this analysis 
because many of the phytotelema had frozen water, making it difficult to sample the insect 
biomass within.  

Further studies can examine the relevance of insect biomass as a function of the cluster 
size. In fact, studies have shown that patch size and the number of larvae of inquilines are highly 
correlated (Krawchuk and Taylor 2003). Although inquilines are not prey items for S. purpurea, 
the pattern results from a terrestrial adult dipteran colonization. Thus, a study showing the effect 
of terrestrial insect biomass related to cluster size of S. purpurea would support that the cluster 
patterns are influenced by limiting nutrients. Moreover, further studies should be done in seasons 
before fall to prevent phytotelema freezing and with sufficient insect biomass to show a 
convincing gradient. This would support the notion that the limiting nutrient may affect the 
spatial pattern of S. purpurea.  

 This study displays the self-organization in clustering of S. purpurea to understand 
spatial patterns in ecology.  We conclude that, contrary to our initial hypothesis, S. purpurea 
have larger clusters towards the edge habitats (woodland) than towards the open water.  
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A SURVEY OF HOST-LIANA RELATIONSHIPS IN A MICHIGAN OAK-HICKORY 
FOREST: SPECIFICITY AND OVERWHELMEDNESS 

JANE REMFERT, ALEXA UNRUH, DANIEL POON, HSUN-YI HSEIH, DANIEL KATZ, 
LESLIE MCGINNIS, SEMOYA PHILIPS, ROBYN BURNHAM 

ABSTRACT 

Lianas play an important role in forests by disproportionally affecting certain tree 
species.  This study investigated plant behavior by looking at host preference of 
two dominant liana species on the E.S. George Reserve and the degree to which 
they are overwhelming certain tree species.  Colonization data was collected and a 
overwhelmedness metric was devised.  Vitis spp and was the most likely liana 
species to overwhelm its host and it was more likely to overwhelm trees with a 
smaller stem diameter.  We also show that Parthenocissus quinquefolia was more 
likely to colonize trees with a larger stem diameter and Vitis spp was more likely 
to colonize trees with a smaller diameter.  We believe our findings can be 
explained by looking at climbing strategies of Vitis spp and Parthenocissus.  The 
tendrils of Vitis seem to allow it to climb smaller stems with greater ease 

INTRODUCTION 

Lianas are an integral part of forest ecosystems, from the tropics to temperate forests 
(Schnitzer and Bongers 2002) and play a large role in forest dynamics by competing with trees 
for nutrients (Whigham 1983), increasing tree susceptibility to wind damage (Allen et al. 1997) 
and may differentially affect certain species of trees (Schnitzer and Bongers 2002).  Light gaps 
formed by tree falls or other disturbance can be colonized quickly by liana species which may 
then smother shade tolerant species in the understory (Schnitzer and Bongers 2002).  This 
process could have strong implications for forest species maintenance.  Our study site, the E. S. 
George Reserve, is a forest under transformation.  The relatively old growth stand of Quercus 
spp. and Carya spp. is slowly being replaced, as the Quercus reach the end of their life span, by 
Prunus serotina and Acer rubra (Vandermeer pers comm.).  Acer rubra, in particular, is 
dominanting the understory of many late-successional forests and will likely continue to increase 
in dominance eventually reaching the overstory and replacing current dominants such as Quercus 
spp in forests of the eastern United States (Abrams1998). Although Acer rubra and Prunus 
serotina are more shade tolerant and able to out-compete less shade tolerant oak saplings in the 
understory they may also be at risk of liana colonization.  De Walt et al. (2000) found that as the 
age of a forest increases the frequency of tendril climbing lianas decreases.  This was probably 
due to decreasing numbers of small tree stems (Schnitzer and Bongers 2002).    Vitis riparia and 
Vitis aestivalis (the river and summer grape, respectively) are two of the dominant liana species 
in the E.S. George Reserve and both are tendril climbers which could have strong implications 
given the current dynamics in the Reserve. 

It has also been suggested that increasing disturbance, as well as rising temperature and 
carbon dioxide concentrations will disproportionately increase liana growth in tropical areas 
(Schnitzer and Bongers 2002).  Although lianas are generally viewed as less important in 
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temperate forests, the role that existing species play could increase significantly with increased 
carbon dioxide concentrations (Zotz et al. 2006).  While important questions remain regarding 
how global change will affect the interactions between lianas and temperate forests, more 
information is needed on current vine dynamics.  After all, we cannot predict potential changes 
in liana growth rates without first understanding contemporary interactions.    

In this paper we investigate the roles played by three dominant vines in temperate forests 
(Vitis riparia, Vitis aestivalis, and Parthenocissus quinquefolia), their preference for tree hosts, 
and the degree to which they are currently overwhelming their hosts.  We conducted a 
comparative study to determine whether certain species of liana are associated with particular 
species of trees and we investigated whether certain species of trees are more likely to be 
overwhelmed by the lianas which grow on them.  Beyond host preference and the degree to 
which lianas are overwhelming their hosts, we wanted to correlate host characteristics with 
climber characteristics to understand the dynamics of this semi-mutualistic-structurally-parasitic 
system.         

METHODS 

Study Site 

We surveyed 415 m of the Esker Road on the E.S. George Reserve on 20 September 
2009.  The forest in this area is predominately old oak (Quercus alba and hybrid Quercus rubra 
× Quercus velutina), with large numbers of maple (Acer rubra) and black cherry (Prunus 
serotina).  Several liana species are present in varying abundances and are often not associated 
with trees, rather making up ground cover on the forest floor.   The road runs east to west along 
the top of what is believed by many to be an esker, with sloping aspects towards the north and 
south.   

Data Collection 

The survey of lianas in the E.S. George Reserve took place on a 415m transect along both 
sides of Esker Road.  Along this transect we selected live trees no more than 10 m from the 
center of the road that had a minimum of 5 cm diameter at breast height (DBH).  On those trees 
we only recorded lianas that were at least at breast height.  We also recorded any liana that had a 
diameter greater than 1 cm regardless of tree size.  For each tree-liana interaction that fit either of 
these criteria we recorded the tree distance to center of road, tree species, liana species, vine 
DBH, tree DBH, and the rooting distance as measured from the closest major root of the liana to 
the base of the host tree.  For each liana, we also estimated the percentage of liana leaf biomass 
that occurred in each of four height categories - ground, understory (below first branch of tree), 
subcanopy (above first branch of tree, but not extending out over leafy branches) or canopy 
(overlapping tree leaves). 

In the case of relay ascension, the vine was recorded once for each tree covered.  A 
different percentage of coverage was estimated for each tree covered, without regard to the 
distribution of a single vine’s biomass across multiple trees.  For trees with more than one vine, 
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data was recorded for each appropriate vine and considered a separate data point, as they were 
viewed as separate interactions. 

In total, 118 vine-tree interactions fitting the criteria above were recorded.  Eight tree 
species were identified: Prunus serotina, Quercus alba, Acer rubra, Ulmus americana, 
Amelanchier arborea, Cornus florida, Carya spp., and Quercus rubra ×  Quercus velutina 
hybrids. Four vine species were identified in association with these trees: Parthenocissus 
quinquefolia, Toxicodendron radicans, Celastrus sp. and Vitis spp.  Species associations between 
trees and lianas varied. 

Overwhelmedness Metric 

To address overwhelmedness of tree by vine quantitatively, an overwhelmedness metric 
of vine coverage was developed.  It is mathematically defined as  
 
OV = ln[ (L^2 / T^2) * (%C + %SC/2) ],  

 
where L is liana diameter, T is host tree diameter, %C is the percentage of liana biomass 
estimated to be in the canopy, and %SC the percentage of subcanopy liana biomass.  Briefly, the 
rationale behind this metric is that it represents an approximate ratio of liana size to host size 
multiplied by a weighting factor for proportion of liana leaf distribution within the host.  The 
logarithm of that product is used to linearize a range of values that vary across orders of 
magnitude. 

To examine how different lianas exhibited different patterns of overwhelmedness, we 
chose to remove the vines that had no presence in either subcanopy or canopy, leaving a 
population of 75 interactions between trees and “established” lianas.   Overwhelmedness scores 
were evaluated for each liana-host pair and the means of those scores for each liana species were 
compared with ANOVA.  To evaluate the patterns of overwhelmedness exhibited by different 
hosts, this process was repeated with the data being partitioned by host species. 

RESULTS 

Preference analysis 

Table 1 represents a census of the vine-host relationships that were found along the Esker Road transect. 

Table 1 Q. rubra x 
Q. velutina 

Prunus 
serotina 

Quercus 
alba Carya spp. Other Total 

P. quinquefolia 29 17 12 13 1 72 
Vitis spp. 3 15 3 4 10 35 
Toxicodendron 6 0 0 0 0 6 
Rosa multiflora 1 0 3 0 0 4 
Celastris orbiculata 0 1 0 0 0 1 
Total 39 33 18 17 15 118 
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Due to small sample size, the sample population had to be repartitioned for statistical analysis.  
Tree species were repartitioned into three categories (Quercus hybrid, P. serotina, other) and 
liana species also into three categories (P. quinquefolia, Vitis spp., other).  A X2-test of 
independence on these data supported the hypothesis that different vine species have different 
host preferences (X2 = 16.6265, df = 4, p-value = 0.002284).  A t-test (fig 1) shows the strong 
relationship between liana species and the diameter of the trees they colonized (p<0.0001).  Vitis 
spp are found on trees with smaller stem diameters and Parthenocissus quinquefolia is found on 
trees with relatively larger stem diameters (fig 1). 
 
 
 

 
Fig. 1 Plot of liana colonization of particular species vs tree diameter  (t-test) p<0.0001 

 
 

 
Overwhelmedness analysis 

 
Our overwhelmedness metric uses several proxies to estimate the degree of overall 

coverage.  Liana leaf area is presumed to be closely related to the area of live wood in a cross-
section of the liana stem that supports it, which scales as the square of liana diameter.  Similarly, 
host leaf area is presumed to scale as the square of host stem diameter.  The metric also contains 
a distribution factor that weights lianas differently depending upon their estimated coverage 
pattern, under the assumption that canopy coverage has more severe effects on the host than 
either subcanopy or understory competition. 

 
Separating the population of vine-host relationships by vine revealed that trees colonized 

by Vitis spp were significantly more likely to be overwhelmed (fig 2).  Prunus serotina was the 
host species most likely to be over whelmed, followed by the “other” category (fig 3).  Since 
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Prunus serotina represented the majority of the smaller trees, this prompts the question of 
whether or not tree stem diameter is driving this interaction. 
 

Not surprisingly, overwhelmedness of trees shows a negative relation to tree size 
irrespective of either liana species or host species – larger trees are simply more difficult to 
overwhelm as shown in figure 4. 

 
 
Fig. 2.  Box plot of overwhelmedness score by vine species one way ANOVA p<0.0001 

  
 

 
 

 
Fig. 3.  Box plot of overwhelmedness score by host species one way ANOVA p<0.001 
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Fig. 4.  Plot of overwhelmedness score versus logarithm of tree diameter 
 

 

DISCUSSION 

      The results we obtained show that there are more Vitis spp. individuals associated with P. 
serotina than with Q. rubra x Q. velutina hybrids.  P. quinquefolia occurs more often with 
Quercus sp. than with P. serotina (table 1).  Comparing DBH between tree species, P. serotina 
and “Other” species (as defined above) have smaller diameters than do other species.  Host 
preference of P. quinquefolia is highly correlated to larger trees, whereas Vitis spp. prefer trees 
of smaller size (fig 1).  A possible explanation of this plant behavior is the climbing strategies of 
the two species.   P. quinquefolia establishes holdfasts by flattening itself against a host and 
secreting an adhesive substance which lignifies and becomes “weatherproof” (Bowling and 
Vaughn 2008).  This makes it possible for P. quinquefolia to climb a host with a large surface 
area, as its growth does not depend on size of the tree or host object.  Vitis spp. use tendrils 
which wrap around the host, and therefore would not be able to easily wrap around a tree with a 
large diameter and they also climb out among the smaller branches of their host once they have 
scaled a tree, leading to their obstructing the sunlight flow to the host tree leaves. 

 Our overwhelmedness metric was an attempt to quantify the relationship lianas had with 
the hosts once colonization occurred.  Results for our overwhelmedness data show that Vitis spp 
were more likely to overwhelm their host than Parthenocissus quinquefolia was and that trees 
with a smaller stem diameter were more likely to be overwhelmed (figs 2,4).  It seems intuitive 
that a smaller tree would be easier to overwhelm but there could also be life history traits of the 
vines involved as well.  Again, the tendril versus holdfast climbing strategy supports the data, as 
it is easier for tendril climbers to wrap around smaller stems (Schnitzer and Bongers 2002).  
These results could have implications for the Acer rubra and Prunus serotina understory.  The 

P=2.07E‐21 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current trajectory of these tree species is toward canopy dominance as the Quercus spp reach the 
end of their life span.  If, however, lianas are discriminately affecting the smaller subcanopy 
species this could alter the trajectory of Acer rubra and Prunus serotina. 

      The metric used above to determine overwhelmedness was based on the traits easily 
observed in the field.  To further explain the relationships lianas have with their hosts, resource 
competition underground should be evaluated.  We took only aboveground measurements which 
evaluated potential light competition.  More in-depth measurements that could approximate 
biomass of both the trees and lianas would be useful, as smaller lianas may have reached the 
canopy but may not be directly competing with the trees for light.  Climbing strategy is an 
important factor to also consider, as smaller trees seem to be more easily overwhelmed than do 
large trees, particularly due to the way in which lianas associate themselves with their hosts.  In 
future, spatial arrangement of the lianas should be considered, as should dispersal methods of 
liana species.  Also, liana species which may be free standing on the forest floor should be taken 
into account, as these are potential climbers that may easily overwhelm saplings and young 
trees.  The forest is a complex system with many variables that should be examined before 
drawing conclusions as to the potential of lianas to overwhelm large numbers of trees, thereby 
having a large impact on the spatial dynamics of the trees within the forest. 
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VINE DISTRIBUTION AND COLONIZATION PREFERENCES IN THE BIG WOODS 

ALEXA UNRUH 

Abstract. Vines play a vital role in forest dynamics in the tropical and temperate 
forests.  They affect tree survival and are important in natural and human-induced 
gap succession due to their growth strategies.  An increasing abundance of vines 
is correlated with higher CO2 levels, suggesting a greater role as the global 
climate changes.  In this study, vine abundance in a temperate oak-hickory 
dominated forest was examined by using transects leading into the forest from a 
well-established road on top of an esker.  Of 54 vines considered, only one was 
located on the northern aspect of the esker, suggesting a preference for the south 
side likely due to light availability.  Canopy cover of trees however did not 
determine vine colonization location.  For all vines in this study, a significantly 
larger number of individuals were located within five meters of the road, 
reflecting the distribution of Parthenocissus quinquefolia, Celastrus cf. scandens 
and  Vitis spp.  As expected, these results suggest a higher tendency to grow near 
disturbance, as vines are often gap pioneer species.  Light is most likely a 
determining factor, as a south facing slope at northern latitudes and canopy gaps 
would receive more light. 

 

INTRODUCTION 

 Woody vines, or lianas, play an important role in forest dynamics, although our 
understanding of them is limited compared to many other plant groups (Putz and Mooney 1991).  
Lianas affect individual or multiple trees and winding vines can inhibit a host tree’s ability to 
provide nutrients to its uppermost branches.  In general, vines negatively affect growth, fecundity 
and survivorship of trees with which they are associated (Lutz 1943).  Vine species benefit from 
climbing, and individuals of ivyleaf morning glory (Ipomoea hederacea) which climb structures 
weigh more and produce more seed than their non-climbing counterparts (Price and Wilcut 
2007).  Lianas are also important in carbon sequestration, as they complicate forest plant biomass 
calculations because they inhibit tree growth, decreasing carbon sequestration while vine growth 
contributes to overall forest biomass (Schnitzer and Bongers 2002).  In areas of the tropics, 
lianas constitute around one fourth of woody stem density and even this abundance does not 
make up for the loss of tree biomass incurred by lianas (Schnitzer and Bongers 2002).  The role 
of lianas in forest ecosystems is changing as their abundance increases with climate change, 
particularly due to increasing CO2 levels, and disturbances (Laurance et al. 1997).   

 In general, lianas benefit from forest disturbances and fragmentation (Schnitzer and 
Bongers 2002).  Therefore, they are important plants in gap-phase regeneration, as lianas are 
often among the first plants to colonize tree fall gaps.  This can prevent growth of other species 
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that are not shade tolerant (Schnitzer and Bongers 2002).  In tropical forests, liana abundance 
often increases near forest edges (Laurance et al. 1997).  In areas of North America, liana 
dynamics are greatly affected by natural disasters.  In Congaree National Park, liana density 
decreased immediately following Hurricane Hugo due to severe tree damage, although liana 
abundance surpassed pre-hurricane levels within twelve years (Allen et al. 2005).  I. hederacea, 
individuals prefer to climb hosts of light color over black hosts when all other factors are 
controlled (Price and Wilcut 2007), leading to the assumption that some vines prefer to grow on 
a surface receiving high levels of light.  However this strategy of gap response may not be 
evident in all vine species.   

Although hurricane-caliber disturbances do not occur in Michigan, disturbances may be 
affecting liana density.  Within the E.S. George Reserve there are several well-established roads, 
which are a less extreme, but repetitive type of disturbance to forest habitat.  Following the 
conclusions of Allen et al. (2005), one could expect that vine density initially was low near the 
road and has increased in the many years the road has been maintained.  In this study, the aim 
was to examine colonization habits of lianas within the E.S. George Reserve along Esker Road.  
As the road is located along the top of an esker which runs east to west, light levels are higher on 
the south side of the road.  The prediction would follow that lianas would more easily colonize 
gaps on the south side of the road where light levels are higher due to the northern latitude 
(42°27’ N) of the Reserve.  Liana abundance is also predicted to be higher close to the road than 
in the forest, due to colonization ability, measured by 1 m growth in association with a host.  
Smaller vines would be expected in areas of less dense canopy cover while older lianas may have 
established themselves in gaps that have since been filled and may therefore exist under more 
canopy cover.  If light is a determining factor in where vines colonize, it can by hypothesized 
that lianas at northern latitudes would grow on the south or east side of a host where there is 
greater light availability. 

METHODS 

 This study was conducted 18 October 2009 in the oak-hickory dominated Big Woods on 
the E.S. George Reserve in Livingston Co., Michigan.  Seven transects were set 20 m apart 
perpendicular to the Esker Road, each extending 30 m into the forest both on the north and south 
sides of the road for a total single transect length of 60 m (excluding road width).  Within two 
meters of the transect tape, all trees with associated vines were censused and evaluated.  Tree 
species, vine species, tree diameter at breast height (DBH), vine DBH, and distance from the 
road were recorded.  Cardinal direction of each vine on its host was estimated using a compass.  
Canopy cover was estimated using eight densiometer readings 1.5 m from the host tree.  Each 
vine was measured only one time, although trees serving as hosts for multiple vines were 
measured and recorded for each associated vine.  In the event of relay ascension (Putz 1995) the 
primary host was determined by finding the root of the vine and following it to the first 
associated tree. 
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 In total, 54 vines were measured.  Of these, 40 were Vitis spp. (determinations could not 
easily be made between Vitis riparia and Vitis aestivalis due to absence of leaves), three were 
Celastrus cf. scandens, eight were Parthenocissus quinquefolia, and three were Toxicodendron 
radicans. Eight tree species were recorded as vine hosts and one C. cf. scandens was observed 
on a larger Vitis sp. individual.  Species associations between vines and trees varied, though 
these relationships were not considered due to sample size.  In analysis, all vines were 
considered together and also Vitis spp. was considered separately.  The other three species were 
not independently examined, because sample sizes were low. 

RESULTS

Of the 54 vines considered in this 
study across seven transects on both sides of 
Esker Road, 53 were found in association 
with trees located on the south side of the 
road while only one vine was found on the 
north side (Fig. 1). 

 The relationship between tree DBH 
and vine DBH was examined.  When all 
vines were considered, there was a 
marginally significant positive correlation 
(p<0.1, Fig. 2).  When Vitis spp. were 
independently considered, a positive trend 
was observed, although the correlation was 
not significant (Fig. 3). 

Fig. 1. Mean number of vines per transect by position 
relative to Esker Road with significantly more vines 
on the south side of the road. 

Fig. 2. Marginally significant (p=0.0867) positive       Fig. 3. Non-significant (p=0.2743) tree and Vitis spp. DBH 
correlation between vine DBH and tree DBH 
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 In determining canopy cover effects on vines, vine DBH was considered as the measure 
of success for vines.  For all vines, the general trend was a negative correlation, though this result 
was not significant (Fig. 4).  For Vitis spp. alone, the trend was positive, but correlation was also 
not significant (Fig. 5). 

Fig. 4. Non-significant (p=0.4543) negative correlation Fig. 5. Non-significant (p=0.7172) positive  
between overhead canopy cover and vine DBH    correlation between canopy cover and Vitis spp. DBH 

 
  
Fig. 6. Non-significant (p=0.9937) vine orientation on host     Fig. 7. Distance of individual vines from Esker Road 

with significantly more vines locate in the 5 m closest 
to the road 

Compass readings taken of vine position on host were binned in 90° increments by 
cardinal direction, where all readings between 45° and 135° were east, etc.  For all species 
observed, more vines were located on the south side of their hosts, although not significantly so 
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(Fig. 6).  For Vitis spp. alone, the same pattern was seen: a larger number of vines on the south 
side of the hosts, however this was also not a significant result. 

The location of the observed vines on each transect, which is also the distance of the vine 
from the edge of the road, was plotted for all species (Fig. 7).  A chi-square test showed 
significantly more vines were present within five meters of the road.  Within 10-15 m of the
road, fewest vines were present.  A general 
trend exists beyond this point, where each 5 
m interval has more vines than the previous 
interval.  For all species, the trend is 
significant (p<0.01).  Individual species 
were also considered, with significant 
differences in distribution for C. cf. 
scandens (p<0.05), P. quinquefolia (p<0.01) 
and for Vitis spp.  (p<0.01).   

To examine further whether light is a 
determining factor of vine location, vine 
position on transect was correlated with 
canopy cover (Fig. 8).  There is no apparent 
relationship between distance from road and 
canopy cover (p=0.9115). 

Fig. 8. Non-significant (p=0.9115) correlation 
between canopy cover and location along transect 

 

DISCUSSION 

 Because 53 of the 54 vines sampled were found on the south side of the road, there is 
likely a vine preference for south-facing slopes.  This may be due to light levels on the south side 
of the slope differing from those on the north side.  It may be difficult for vines to become 
established on the northern aspect of the esker even in gaps because of low light levels much of 
the growing season at northern latitudes. 

 The marginally significant (p<0.1) positive relationship between vine and tree DBH 
suggests that older, larger vines are associated with older, larger trees (Fig. 2).  If light is a factor 
in establishment, the vines may have established themselves on their hosts at a time the hosts 
were not providing a great deal of canopy cover.  The result is curious, however because the Vitis 
spp., those that constitute a majority of larger vines, do not follow the same pattern.  The 
different climbing strategies of the species may play a role in determining hosts.  Celastrus cf. 
scandens climbs by wrapping around its host, thus may choose smaller hosts that are more easily 
scaled.  P. quinquefolia and Vitis spp. are tendrillate climbers and T. radicans uses rootlets, thus 
these species can climb hosts irrespective of the tree’s girth. 
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 No significant correlation was found between vine size, a measure of vine success, and 
canopy cover at the site of establishment.  Similarly, no significant difference exists between the 
numbers of vines hosted on any particular side of hosts.   As these both test light conditions for 
establishment, the vines studied may be shade-tolerant and high light levels are not a necessity in 
colonization.  A second explanation may be that some species may initially find a host under 
high light conditions, as ivyleaf morning glory does (Price and Wilcut 2007), but their growth 
after establishment follows that of a shade tolerant species (Schnitzer and Bongers 2002).  As 
data was collected in October, leaf senescence in the tree canopy may have biased my results.  
Important to note is that overhead vine leaves were absent, while all live trees visible during 
densiometer readings retained at least a portion of their leaves.  I measured only overhead light 
availability by examining canopy cover.  This may not be adequate as the northern latitude of the 
E.S. George Reserve provides sunlight at angle, which may reach the understory independent of 
canopy cover directly overhead. 

 To measure colonization of vines after disturbance, the distance of each vine from the 
road was also recorded and binned in five-meter increments.  This result proved significant for 
all vines, with a large number of vines occurring within the first five meters closest to the road.  
Of the species, C. cf. scandens was found significantly more within the first five meters (p<0.01, 
n=3), as were P. quinquefolia (p<0.01, n=8) and Vitis spp. (p<0.01, n=40).  T. radicans was 
found exclusively 15-30 meters from the road, though this result was not significant, probably 
because of sample size.  This supports the idea that vines with different climbing strategies can 
colonize near a disturbance.  The result also insinuates that some aspect of disturbance, most 
likely light, plays a role in vine establishment, measured by ability to achieve a height of 1 m.  
The low numbers of vines between 10 and 15 meters from the road may be explained by a 
tradeoff in light availability and soil moisture.  At the top of the esker at the road, there would 
likely be high light levels not fully represented by canopy cover (Fig. 8), as sunlight will come 
from an angle due to the latitude.  At the bottom of the esker, there is a transition to swamp, 
suggesting rather high soil moisture.  On the side of the esker, light levels and soil moisture may 
be lower, making that area more difficult for vines to successfully colonize.  The result may also 
be a sampling artifact if there are fewer trees at this distance from the road, as only vines 
associated with a host were considered. 

 Overall, vines in the Big Woods tend to colonize on the south side of the esker, 
preferentially close to the road.  This is likely due to light availability that is not coming from 
directly overhead and the ability of vines to colonize particularly well near disturbance.  Given 
the time since the road was established, one would expect higher numbers of vines now than a) 
directly following the cutting of the road and b) before the road was made.  The evidence in this 
study supports that idea, as more vines were found close to Esker Road.  Light is most likely 
playing a key role in the establishment of vines in the Big Woods.  Further study could provide 
more evidence for this, as well as providing larger sample sizes of individual species to examine 
species-specific colonization.   
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EXAMINING THE RELATIONSHIP BETWEEN GROWTH AND REPRODUCTION IN 
PERENNIAL FORBS 

MEGAN BANKA, MAIRIN BALISI, AMANDA GRIMM, YI HOU, AARON IVERSON, 
DANIEL POON, ALEXA UNRUH 

Abstract:  We examine the relationship between growth and reproductive effort in 
five species of perennial forbs.  As theory suggests a tradeoff between these 
expenditures, we hypothesize this would be evident in the field.  We sampled 
individuals from five perennial species and took measurements of size and 
reproductive effort.  We plotted diameter and seed mass to evaluate the 
relationship between these investments.  While we did not discover any 
significant relationship between size (diameter) and seed mass, some species may 
have similar strategies in regards to growth/reproduction relationships.  More 
research would help untangle the relationship between growth and reproductive 
effort, as well as with other “expensive” endeavors such as immunity and defense.   

 
INTRODUCTION 

Life history theory predicts that organisms will tradeoff energetically expensive 
expenditures such as growth, reproduction, immunity, and defense mechanisms.  MacArthur and 
Wilson elucidated mathematically selection based on this assumption as r/K selection 
(MacArthur, 1967).  In this framework, r-selected species allocate much energy to large 
quantities of offspring while K-selected species invest more energy into a lesser number of 
individual offspring (Pianka, 1972).  Similarly, plants may utilize different energetic strategies – 
one proposed model for this behavior is Grime’s CSR Trichotomy.  In this, plants can have high 
“Ruderal” (early colonizer) abilities, be “Stress-Tolerant,” or be good “Competitors.”  Due to 
energy limitations, it is not possible to maximize all of these strategies simultaneously though it 
is possible to utilize strategies that include components of each (Grimes, 1973).   

While theory suggests that tradeoffs will exist between somatic and reproductive effort, 
these efforts may interact in complex ways.  For example, many plants have a minimum size for 
seed reproduction (Climent, 2008) and, similarly, reproductive success and growth may not have 
a linear relationship (Klinkhamer, 1992).  Klinkhamer et al’s work on Saxifraga hirculus and 
Carlina vulgaris demonstrates that reproductive effort and vegetative plant weight do not always 
maintain linear relationships (Klinkhamer, 1992).   

Importantly, strict tradeoff theory does not account for differences in energy acquisition 
within individuals or between species (Van Noordwijk, 1986).  As larger plants frequently have 
more photosynthetic surfaces, they receive greater amounts of energy than do smaller plants or 
individuals with less photosynthetic area.  Additionally, strategies and relationships between 
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reproductive effort and growth may differ between species and also between individuals of the 
same species due to genetic variation.   

 To further understand and elucidate the relationship between reproductive and somatic 
effort, we sought to test the allocations of various perennials to reproduction and growth.  If 
these quantities tradeoff against each other directly, we expect to see a linear relationship.  As 
theory indicates that these energetically expensive activities trade-off, a strict view of this would 
suggest that as growth increases, reproductive effort will decrease.  Similarly, as growth 
decreases, more energy will be available for reproductive pursuits.  Since this represents a binary 
trade-off, a non-linear relationship may suggest greater levels of complexity.     

To explore this relationship, we examined five species of perennial forbs in the Evan’s Old Field 
of the E.S. George Reserve.   

 

MATERIALS AND METHODS 

Forbs were sampled along twenty-meter-long transects in Evans Old Field in the E. S. 
George Reserve, Livingston County, MI.  For each forb, one transect was laid, running through a 
specific area that we visually judged to hold a sufficient concentration of the forb in question.  
Five transects were laid in all, corresponding to five forbs: yarrow (Achillea millefolium), 
milkweed (Asclepias syriaca), spotted knapweed (Centaurea maculosa), round headed bush 
clover (Lespedeza capitata), and wild bergamot (Monarda fistulosa).  

In order to measure each individual’s somatic effort, thirty individuals of each forb were 
measured for height and for stem diameter at caliper height.  Spotted knapweed was the 
exception; because of its complex root system and the difficulty in tracing all the stems of one 
plant, we took these measurements for only twenty individuals.  In order to measure each 
individual’s reproductive effort (seed production), the seeds or seed pods – if any – of all 
measured individuals were collected.  The mass of each individual’s total seed produced was 
recorded in the lab.  

In order to procure approximate values for biomass as an additional measure of somatic 
effort, we collected ten individuals of each forb that varied in size and represented that forb’s 
size range.  These individuals were brought back to the lab, dried as well as possible, and 
weighed.  Separate measurements for above-ground and below-ground biomass were attempted; 
however, because of time constraints, several root systems were not fully dried after being 
washed of soil, which may have distorted below-ground biomass approximations.  Consequently 
we decided to combine the two biomass measurements instead.  Spotted knapweed was again the 
exception because of its root system; we were able to collect only six suitable individuals and 
thus have excluded spotted knapweed biomass from our analyses.  
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Mean values of each measurement were calculated for each forb.  Linear regressions 
using these mean values were plotted for three possible correlations: seed production vs. stem 
diameter in all five forbs, plant height vs. total biomass of all forbs except spotted knapweed, and 
stem diameter vs. total biomass of all forbs except spotted knapweed.  

RESULTS 

The best measure for approximating overall plant biomass was determined by plotting the 
regression of both stem diameter and plant height against the total biomass (above and 
belowground) for the 6-10 specimens collected from each forb species (fig 1a, fig 1b). The 
biomass for milkweed was not assessed due to its clonal belowground rhizomes that extend 
considerable distances.  Biomass correlation with stem diameter was found to be more 
significant (average r2=0.52) than the correlation with plant height (average r2=0.34), although 
neither parameter demonstrated strong correlations.  Stem diameter was thus selected as the best 
measure for predicting total biomass for later analyses. It was observed that in Monarda both 
stem diameter and plant height more closely followed an exponential fit than a linear fit.  

Figure 1a.  Linear regression of stem diameter and total above and belowground biomass of representative 
specimens for four forbs.  
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Figure 1b.  Linear regression of stem diameter and total above and belowground biomass of representative 
specimens for four forbs.  
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Fig. 2. Stem diameter vs. seed mass for all five forbs.  Monarda and knapweed were the only forbs to exhibit 
significant p-values of 0.020 and 0.012 respectively.      
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The average values for stem diameter vs. seed mass were plotted for each of the five 
forbs (fig 2).  All forbs except for the milkweed had comparable stem diameters but did vary in 
their seed production, forming two groups of two plants: Yarrow and Monarda, with a lower 
corresponding seed mass, and bush-clover and knapweed.  As observed within each species, a 
general trend of increasing seed mass with increasing stem diameter can be observed across these 
five species.  

Figure 3.  Average stem diameters of five forbs plotted against their corresponding average seed mass.  Error bars 
indicate standard error.  
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DISCUSSION 

Our results show a significant linear relationship between growth (diameter) and 
reproduction (seed mass) in Knapweed and Monarda.  Additionally, for most of the forb species 
there was trend that linked these characteristics.  These trends and significance, however, 
occurred in the opposite direction of what was predicted – instead of smaller plants 
corresponding with greater numbers of seeds, smaller plants corresponded with less seed mass 
and larger plants had more seed mass.  This may be due to the different resources acquisition 
abilities of larger plants – plants that are larger have more photosynthetic material which allows 
them to harness and use greater amounts of energy for both growth and reproductive effort.       

This demonstrates the need for further study to tease apart the intricacies of these 
tradeoffs.  Measurements of photosynthetic area per plant may help illustrate the different 
amounts of resources acquired by each plant.  Improved measurements of both “reproductive 
effort” and biomass – including root biomass - may also illuminate some of these tradeoffs.  
Additionally, considerations of plant locations and density may factor into an individual plant’s 
growth and reproduction as competitive energetic expenditures may be in play.    This study 
could also be improved by utilizing annual plants instead of perennials as both growth effort and 
reproductive effort will be more easily observable.  Perennials may have overwintering below-
ground biomass (roots) that would not require additional energy expenditures.     

In terms of between-species differences in seed mass and diameter, some of our measured 
perennials had similarities.  Bush-clover and knapweed demonstrated diameter and seed mass 
similarities, as did Monarda and yarrow.  Observations show that these plants have 
morphological similarities to each other as well.  Milkweed did not share diameter and seed mass 
size with any of the other studied plants – this may be due to its morphological differences 
between the species and absence of stems in Milkweed.                     

While our study includes some potentially suggestive results, more information is 
required to understand the trade-offs between these perennials.  Since energetic expenditures 
include investments other than simple reproductive effort and growth, further investigation into 
these intricacies would provide a more robust picture of perennial trade-offs.   
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RAMETS AND RHIZOMES:  
TRADEOFFS IN CLONAL PLANTS IN RELATION TO WATER AVAILABILITY  

 

ELIZABETH HOOD, MAIRIN BALISI, MEGAN BANKA, EVAN CHILDRESS,  
COLIN DONIHUE, DEBORAH GOLDBERG, LESLIE MCGINNIS, ALEXA UNRUH  

 

Abstract.  Clonality is a common life-history strategy among herbaceous plants, 
implying relative success.  In this study we sought to analyze a tradeoff that may be an 
important factor in this success: that between rhizome length and girth.  We sampled 
several clonal species found in a relatively wet and a relatively dry field in the Edwin S. 
George Reserve, measuring rhizome length and diameter.  Our results show a 
significant difference between mean rhizome length and diameter when wet and dry 
fields are compared.  However, while previous research has indicated that increased 
rhizome length and decreased diameter are tradeoffs that increase fitness in nutrient-rich 
environments, our results do not appear to follow this model, as both rhizome length 
and diameter were larger in the wetter environment.  

 
INTRODUCTION  

 Plants have evolved many mechanisms for responding to environmental stresses such as 
scarcity of nutrients and water, competition for sunlight, and fire regimes.  An example of such a 
mechanism is the advent of clonality.  Clonal species of plants are able to reproduce 
vegetatively, sprouting genetically identical “siblings” from an intricate network.  Plants undergo 
three types of vegetative reproduction: stolons, runners, and rhizomes.  This study focuses on 
rhizomes.  

 Rhizomes give clonal plants a competitive advantage by facilitating clustering and 
nutrient sharing in stressful conditions.  Using this method, a clonal plant is able to invest a great 
deal of energy into producing a single photosynthesizing stalk, called a ramet.  The newly grown 
ramet can provide energy for the root network and eventually create sibling ramets nearby.  
These plants are able to facilitate the growth of a concentrated network of ramets by maximizing 
their nutrient uptake and excluding potential competitors.  They are able to colonize areas that 
may be suboptimal for nonclonal plants, because the ramet receives the majority of the nutrients 
until it is able to sustain itself (Magyar et al. 2004). 

 An important trade-off for clonal species exists between rhizome length and girth.  For 
purposes of competition, rhizome diameter increases in nutrient- or water-rich areas (Johansson 
1994).  On the other hand, rhizome length generally increases in scarce environments to help 
plants seek out and use hospitable patches of land (van Groenendael et al. 1996).  As a result,  
rhizomes with short lengths but thick girths are commonly found, as well as rhizomes with long 
lengths but thin girths.  

 In this study we sought to analyze the difference in rhizome length and girth in several 
clonal species found in the fields of the ES George Reserve.  We compared inter- and intra-
species differences in two areas, one area relatively wet and the other relatively dry.  Our main 
objective was to investigate this anticipated tradeoff between rhizome girth and length in relation 
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to water availability.  We predict that rhizome girth will be greater, and rhizome length will be 
shorter, in an area of greater water availability.  

 

METHODS  

 The study was conducted in Evans Old Field, at the Edwin S. George Reserve in 
Pinckney, Michigan.  Within the Old Field, two sites with apparent differences in moisture levels 
were chosen.  These sites were designated “wet” and “dry” based on differences in dominant 
vegetation, mainly pertaining to the genus Solidago; the “wet” field contained only Solidago 
juncea, while the “dry” field contained also Solidago nemoralis (Goldberg, personal 
communication).  We sampled 5 or more clumps of each of the forb species present in each field, 
excluding Elaeagnus umbellata (autumn olive) and Rubus spp. (blackberries and raspberries).  In 
the field, for each clump, we removed the soil and any extraneous plants that had been dug up 
with the plant in question, attempting to keep intact all rhizomes of interest.  The samples were 
bagged for further analysis and taken back to the lab, where the roots and ramets were washed 
and cleaned.  The largest ramet was identified as the mother ramet.  To obtain a measurement for 
rhizome length, we measured one of three possible distances: from the mother ramet to the 
nearest daughter ramet, to the nearest rhizome branch, or to the nearest incomplete end.  To 
obtain a measurement for rhizome girth, we measured the diameter of each rhizome at its 
approximate midpoint.  

 

RESULTS 

 Eight species in each habitat were sampled.  Of these, four species were sampled in both 
habitats: Achillea spp., Solidago juncea, Rumex spp., and Centaurea maculosa.  The mean 
rhizome diameter for species in the wet habitat was 4.4 mm; in the dry habitat, the mean was 2.5 
mm.  A t-test revealed that rhizome diameter was significantly larger in the wet habitat than the 
dry habitat (p = 0.01).  Another t-test showed that rhizome length in the wet habitat (mean = 61 
mm) was significantly larger than in the dry habitat (mean = 23 mm) with p << 0.01.  Only three 
Rumex individuals were collected from the dry habitat; consequently, though we considered 
these individuals in our analysis, comparisons between habitats for Rumex would be statistically 
weak.  No significant difference was found between the wet and dry habitats in Achillea rhizome 
diameter or length (p = 0.21 and p = 0.55, respectively).  Solidago juncea rhizome diameter and 
length were significantly larger in the wet habitat than the dry habitat (p = 0.002 and p = 0.007, 
respectively) (Figure 1).  
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Figure 1.  Mean rhizome diameter and length for all species.  Species located in the wetter habitat 
are represented by black symbols; species located in the drier habitat are represented by white 
symbols.  Of the species found in both the wetter and the drier fields, only Solidago juncea 
demonstrated significant differences in length and diameter (p < 0.05) between the two habitats. 

 

DISCUSSION  

 Our results show a significant difference in mean rhizome length and diameter between 
wetter and drier fields, with the wetter field having a larger mean rhizome length and diameter.  
This does not seem to be due to any one species, as the removal of any species from the 
comparison still results in a significant difference between these habitats.  Additionally, Achillea 
appears to exhibit the least significant difference in rhizome length and diameter between the two 
environments, likely due to its nature as a drought-resistant plant.  Even in the dry field, water 
may not be a limiting resource for Achillea individuals, producing no difference in rhizome 
length or diameter (Hurteau 2003).  

 Previous studies have demonstrated that plants allocate different amounts of resources to 
rhizomes in different environments, explaining the difference between the rhizome sizes in these 
two plots (Tucic 2005).  However, while research has indicated that a tradeoff exists between 
rhizome length and diameter – thus increasing plant fitness in nutrient poor and rich 
environments – our results do not appear to follow this model.  Both rhizome length and 
diameter were greater in the wetter environment.  

 This discrepancy may be explained by the wetter patch in our study being a richer patch.  
The Allocation-Acquisition hypothesis suggests that, in rich patches, individuals may be able to 
procure more energy and therefore have more energy to put to use (Van Noordwijk 1986).  This 
may have occurred in our study: in the wet field, water is not as limiting, and plants would need 
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to expend less energy to acquire it.  Consequently, more energy becomes available for other 
expenditures, such as rhizome growth.   

 Additionally, tradeoffs include not only expenditures between two energy intensive 
options but also any potential costly mechanisms for the individual.  Therefore, it is possible that 
the plants in the wetter field allocated more energy to both rhizome length and diameter.  
Research suggests that this may be advantageous: rhizome diameters frequently increase in 
water-rich areas in order to exploit these denser areas (Johansson 1994).  Additionally, some 
plants demonstrate increased rhizome length in high water / nutrient patches in order to decrease 
inter-ramet competition and prevent shading out of fellow ramets in dense patches (Dong 2004). 

 Further research could help elucidate the nature of the tradeoffs of the plants in our study.  
Additional information that may be pertinent includes other potential tradeoffs such as size and 
reproductive output of the plant.  The number of daughter ramets and their distance from the 
mother ramet may also be telling, as the daughter ramets can shuttle nutrients or water back to 
the mother ramet in poor environments.  Also, quantifying the differences in soil moisture and 
plant density between our wet and dry fields may assist in understanding what different 
environmental pressures are acting on our study communities.  
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HYBRIDIZATION AMONG QUERCUS VELUTINA AND QUERCUS RUBRA IS EVIDENT 
BUT A PATTERN OF ORGANIZATION IS NOT 

SEMOYA PHILLIPS, JOHN BERINI, MELISSA BRADY, KELVIN HAN, DANIEL KATZ, 
LESLIE MCGINNIS 

 

ABSTRACT 

Plant hybridization plays a vital role in the ecology of plant distribution through 
enhancing genetic variation.  This creates a greater range of plant phenotypes, and 
can lead to increased competitiveness of hybrid individuals in novel 
environments. We did a study of Quercus velutina, Quercus rubra, and Q. 
velutina-Q. rubra hybrids along Esker Road in the E.S George Reserve. We set 
out to answer the question of whether or not red-black hybrids existed and we 
hypothesized that if they did they would occupy an environment that is 
intermediate to those of their parent species in regards to soil moisture.  
Correlations between soil moisture and tree species presence were not found.  
However we did find that Q. rubra clustered together.  Trait classification and 
subsequent species identification proved difficult.  One interesting finding was 
that an index of the bitterness of the cambium seemed to correlate well with other 
measurements taken and may be an important factor in oak tree identification in 
the future. 

 

INTRODUCTION 

It is estimated that Quercus, one of the largest genera of flowering plants, includes about 
450 species. Recorded hybrids between these species appear to be both common and widespread 
(Rushton BS, 1993). Plant hybridization plays a vital role in ecology of plant distribution through 
within-species variation (Anderson 1948). For instance, hybrids of tree species establish new 
lineages through high levels of genetic differentiation levels even though having low levels of 
variation in genetic traits (Gross 2003). However, a hybrid may exhibit novel traits that differ 
from its parental species and form hybrid zones that increase its dominance over a landscape 
(Rieseberge and Ellstrand 1993) 

Within the state of Michigan Q. velutina and Q. rubra tend to occupy distinct zones, 
except in unique areas that serve as hybrid zones (Pers. Comm. John Vandemeer). It is 
hypothesized that The E.S. George Reserve of University of Michigan is one of those Hybrid 
zones. Each species is distinct in its habitat preference: velutina is found in soil with relatively 
low moisture and rubra is found in relatively moist soil of the temperate forests. Thus, within the 
George Reserve, velutina is expected to cluster in the summit of inter-globular moraine hills and 
rubra is expected to aggregate around the lowlands of the hills. It is observed that these two 
species hybridize readily; hybrid oaks show intermediate characteristics including intermediate 
degree in leaf ridges, leaf pubescence, acorn shape and bark. Though these trends have been 
observed and reported by many, there is no quantitative evidence. Our goal was to quantify these 
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observations, by using both tree characteristics and environmental characteristics. We 
hypothesize that the hybrid oaks exhibit similar transitional characteristics to their preference for 
soil type.  Consequently we expect that the hybrid individuals would occupy intermediate zones 
in between Q. velutina dominated and Q. rubra dominated zones; hilly sides of the moraine hills.   

METHODS 

On September 26, 2009 we surveyed black, red, and red-black hybrid oaks along Esker 
Road in the E.S George Reserve. We used the descriptions in Barnes and Wagner (1981) of Q. 
rubra and Q. velutina. We then placed the following characteristics of each tree sampled into the 
red category or black category based on those descriptions. The characteristics we looked at were 
leaves, buds, acorns, bark morphology, and bitterness of the bark. We also took two soil readings 
per tree. The tree classification took place in the plot of tagged trees. 

Data Analysis 

Tagged trees were matched up with their (x,y) coordinates within the plot and a cluster 
analysis was done by doing a t-test between the mean distance between oaks of each group and 
what would be expected if the distributions were random.  

 

 RESULTS 

Fig 1.  Spatial representation of  Quercas sp included in our study. 

 

A cluster analysis was done by comparing the distances between the trees observed with 
the distances you would see from the same amount of trees distributed at random. Using the 
coordinates of the trees we took data on, we calculated a list of the distances between all Q. 
velutina, Q. rubra and hybrids separately. We then compared each of these lists with a 
corresponding list of distances that you would expect from a random distribution using a t-test. 
The distances between Q. velutina and hybrids were not different from random, with p values of 
0.9957 and 0.9858, respectively. Distances between Q. rubra were significantly different from 
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random, with a p value of 0 .0002248. From this we get that Q. rubra are clustered together, 
while Q. velutina and hybrids are not. 

We also did a comparison to see if the distribution of Q. rubra, Q. velutina and hybrids 
correlate with soil moisture. Here we make the assumption that, since the road is on an esker, the 
soil is driest near the road, and increases in moisture as one gets further from the road. To do 
this, we calculated the distance from the road, which runs approximately to y=3 in terms of the 
coordinates for the trees. We then did a t-test between all pairs of species to see if there was any 
significant differences between where the trees where distributed with respect to the road. We 
found no significant differences, with p=0.927 between hybrids and Q. rubra, p=0.292 between 
hybrids and Q. velutina, and p=0.731 between Q. rubra and Q. velutina.  

 

DISCUSSION 

 In our study, we found that only Q. rubra were spatially correlated.  Only one small 
cluster of about four Q. rubra was formed. Neither the hybrid oak nor the Q. velutina displayed 
any clustering patterns solely based on the x,y coordinates of the plot. However, there may be 
some exogenous factors controlling the distribution that our methods failed to take into account. 
We set out to answer the question of how moisture levels were contributing to the organization 
of the trees but because it rained on the day of the study our moisture readings appeared to be 
inconsistent and inaccurate so we disregarded them. There can also be a possible effect of the 
direction of the slope on where the trees occurred. In the process of reviewing our data we found 
that the Q. rubra and Q. velutina species were not evenly distributed on either side of Esker 
Road. We think this could be a factor of North facing vs. South facing slopes but it could also be 
a factor of elevation, which we did not account for, therefore we could not draw any conclusions 
about this observation.  Also, this observation of different species on different sides of the road 
can also be an artifact of experimental error because there were different groups on different 
sides of the road, leaving room for skewed identification. 

Identifying individuals in the genus Quercus to species can be notoriously difficult, even 
with the aid of genetic evidence (Hipp & Weber 2008, Aldrich 2003).  As such, it is no surprise 
that although we believe that hybridization between Quercus rubra and Quercus velutina is 
widespread throughout the E.S. George Reserve, it is possible that individuals which we counted 
as hybrids were in fact misidentified.   For example, in terms of bark, we classified individuals 
according to the degree of shininess on the upper branches of canopy trees and by the 
“blockiness” of bark on the lower section of the tree, both of which can be difficult to quantify, 
especially for those who are new to the process.  For acorns and buds we were seldom able to 
collect specimens directly from the branches.  In these cases, we collected the specimens from 
the ground, with the admittedly dubious hope that these specimens did in fact originate from the 
stem directly in front of us.  Given dispersal of acorns and leaves, this is not a safe assumption, 
especially if neighboring trees belong to other categories of the red oak group (Quercus section 
Lobatae).  For leaves, when we were unable to collect a sample with which to verify the 
presence of pubescence, we generally judged upon the broadness of the leaves we could see from 
the ground.  However, given that intra-tree and intra-species variation (especially between shade 
and sun leaves) is more than the difference between species, these criteria may not have been a 
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good indicator either. These problems were exacerbated by only having a few examples of trees 
which we thought representative of one species or another.   

 We also used the bitterness of the cambium as a fifth criterion to determine the species of 
tree, and to determine where a tree might fall along the hybridization continuum.  For this test we 
tasted the cambium of the tree and assigned bitterness along a ten point scale (with 1 being 
“tastes like wood” and 10 being “spit it out of your mouth bitter”).  The results from this novel 
methodological technique were correlated with the average of our results from the previous 
metrics.  Individuals which we classified as Quercus velutina (mean bitterness of 6.1) were 
significantly more bitter than the hybrids (mean bitterness of 4.7; p<0.05) and then individuals 
which we classified as Quercus rubra (mean bitterness of 3.4; p<0.05).  Although identifying by 
taste enjoys a rich historical tradition, we were unable to find reference to it in the scientific 
literature.  We believe that this methodology could be particularly useful, as the difference in 
bark tannin is considered a fairly reliable characteristic according to field guides, and also 
because this measure provides insight into plant physiology.   
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THE HALO OF LIFE:  PATERNS IN ANT SPECIES RICHNESS IN A MICHIGAN 
SCRUBLAND 

MCGINNIS, LESLIE; PHILPOTT, STACY; BERINI, JOHN; BRADY, MELISSA; HAN, 
KELVIN; KATZ, DANIEL; PHILLIPS, SEMOYA 

ABSTRACT 

A central quest in the study of ecology is to identify the forces that create and 
maintain species diversity.  We tested the “halo of life” theory which predicts the 
maintenance of many rare species via the competitive exclusion of a subdominant 
species by the dominant species in a system.  We established two plots in an 
abandoned field centered on nests of Formica obscuripes.  Using a tuna bait 
method, we attracted ants, noted their activity, captured and identified them.  We 
also recorded the vegetation cover at each point.  Ant species richness was highest 
in the regions surrounding the F. obscuripes nest.  However, the patterns were 
elliptical and boomerang-like rather than halo-like.  Vegetative cover, primarily of 
the invasive Autumn Olive, significantly reduced ant activity, but did not affect 
species richness.  We concluded that the “halo of life” roughly predicts ant 
species richness and that Autumn Olive is affecting the ant community.  

INTRODUCTION 

A central question facing community ecologists is how many species can evolve and co-
exist in a system.  We explored the validity of the “halo of life” theory for predicting spatial 
patterns in ant species richness in a Michigan ant community.  The “halo of life” theory predicts 
that: 1) The dominant ant in a community will compete with and displace the subdominant ant.  
2) This competition will create a space in which less common ant species experience less 
competition with the subdominant.  3) This “halo” will consequently have greater species 
richness than surrounding areas (Philpott and Ennis, pers. comm.).  Such patterns are beginning 
to emerge in the coffee agroecosystems of southern Mexico.  In this model system, the dominant 
Azteca ants may allow the maintenance of high species richness through their competition with 
sub-dominant ant species (Ennis and Perfecto, pers. comm.).  In this theory the dominant ant 
functions similarly to a key stone predator.  By keeping down the dominant competitor through 
competition versus predation, the dominant ant’s presence leads to an increase in diversity.   

The ant community at the E.S. George Reserve has been well studied, providing us with 
excellent resources for testing theory. We focused our study on the dominate seed-eating 
Formica obscuripes.  F. obscuripes appears to compete with the invasive sub-dominant 
Prenolepis impairs. As invasive ant numbers increase in the reserve and threaten native species, 
we need to better understand the forces maintaining species richness.  We asked; 1) What factors 
affect ant species richness? and 2) Do the nests of Formica obcuripes affect the ant species 
richness of the surrounding community?  Do they create a “halo of life?”   
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The environment surrounding nests of F. obscuripes is not completely homogenous.  The 
region has been invaded by Elaeagnus umbellata (Autumn Olive).  Previous studies have shown 
that vegetation alters microclimate and affects ants (Lopez et al. 1992).  We sought to determine 
if Elaeagnus umbellata is changing the ant community.  We asked does plant coverage affect ant 
activity level or species richness?  

 
Our hypotheses state that 1) A greater number of species will be found in a halo-like 

region surrounding each nest of F. obscuripes and 2) Ant activity level and species richness will 
be affected by the presence of Elaeagnus umbellata.  

METHODS 

The study site was located in the Evan's Old Field and the Airfield at the E.S. George 
Reserve, in Livingston County Michigan.   These fields were originally used for agriculture, but 
were abandoned prior to 1940 (Vandermeer et al. 2001).  Since then, it has reverted to a 
brushland habitat dominated by early successional species, especially by the invasive species 
Elaeagnus umbellata.   On the 27th of September 2009 we established three grids, each centered 
on a nest of Formica obscuripes.   Each of these grids measured 30m by 30m and trapping 
stations were established every 5m along the grid.  Additionally, within the last grid, we 
established eight additional trapping stations at 2.5m intervals surrounding the Formica 
obscuripes nest.   Each trapping station was baited with tuna fish and left for approximately one 
hour.  Upon sampling the trapping station, each species of ant present was described according to 
activity (activity classes were: 1: 0 ants present, 2: 0-2 ants present, 3: 3-10 ants present and 4: 
more than 10 ants present) and multiple specimens were collected.  These specimens were 
subsequently identified to species.  Data were analyzed using R and Microsoft Excel.   

RESULTS 

Table 1:  Ant species found in each plot 

Old Field Air Field 
Formica obscuripes 
Aphaenogaster treatae 
Prenolepis imparis 
Myrmica americana 
Paratrechina parvula 
Camponotus americanus 
Lasius sp. 
 

Formica obscuripes 
Aphaenogaster treatae 
Prenolepus imparis 
Myrmica americana 
Paratrechina parvula 
Camponotus pensylvanicus 
Camponotus yellowstripes 
Aphaenogaster three 
Leptothorax sp. 
Aphaenogaster chiquita 
Formica one 
Formica nearcticus 
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Figure 1:  Ant species richness at each trapping station in a 30 meter by 30 meter plot.  Ellipse and boomerang 
indicate regions of high species richness.  The outlined center point indicates the location of the Formica obscuripes 
nests.  

 

Figure 2:  Ant species richness as a function of vegetation coverage.  The outlined center point indicates the location 
of the Formica obscuripes nests. Two sample T-test, p=0.24  
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Figure 3:  Ant activity level as a function of vegetation coverage.  The outlined center point indicates the location of 
the Formica obscuripes nests. Two sample T-test, p=0.002 

 

Ant activity level is significantly lower in sites with vegetation coverage.  However, species 
richness appears to be unaffected by increases in shade coverage due to increased Autumn Olive 
abundance. Prenolepis imparis distribution as a function of cover does not differ significantly ( 2 
sample t-test p=0.68).   Formica obscuripes distribution as a function of coverage also does not 
differ significantly (2 sample t-test p=0.51).   Formica obscuripes distribution as a function of 
Prenolepis imparis distribution approached significance (two sample t-test p=0.06).   

DISCUSSION 

We saw an ellipse and a boomerang of life.  We also found that ant activity was higher in 
uncovered sites.  Ant activity can be highly variable depending on many environmental factors. 
Temperature has been studied extensively as a variable to predict ant foraging activity levels (the 
number of foraging ants aboveground). We know that slight decreases in temperature can 
significantly reduce activity.  For example, Prenolepis imparis shows the highest activity level at 
temperatures from 7.8 to 18 °C and slight decreases in temperature significantly reduce the their 
foraging activity (Talbot 1943).  Many other genera exhibit an optimal temperature range in 
which their activity level is directly influenced by temperature (Gano and Rogers 1983). Based 
on this past work and our findings, we hypothesize that plant coverage decreases sunlight and 
increases shade, causing lower temperatures in the microhabitat and decreased foraging activity.  

 
It is shown by various studies that vegetation has a high impact on temperature. There are 

many cases in which vegetation eventually increases mean soil temperature by capturing this 
radiation. Broad leaves with many canopy layers exhibit a strong coupling between vegetation 
cover and temperature (green house type effect). However, thistles and evergreen oaks do not 
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exhibit this ‘greenhouse type’ effect (Lopez et al. 1992).  Consequently, the highly invasive 
autumn olive cover in the airfield plots may have a different affect in temperature than the native 
vegetation of the E.S. George Reserve.  We find that the high activity level of Prenolepis imparis 
in vegetation covered plots to be a result of this temperature regulation of the soil under autumn 
olive bushes. These results have implications on the effect of invasive autumn olive on the local 
fauna of Michigan; increased activity indicates that Prenolepis may be one of the dominant ant 
genera that occupy the Michigan tall grass prairie habitat.  

 
Vegetation cover and the number of species can be highly correlated in many parts of the 

tropical ecosystems (Perfecto and Vandermeer 1996). This can be due to the different habitat 
types that are created from various tropical vegetation types (Vasconcelos et al. 2008). The scale 
and species richness of vegetation cover in the E.S. Geroge Reserve differ greatly from that of 
tropical prairies. For instance, tree root interaction with various grasses creates many different 
niches for termites across a landscape in West African Savannas (Mordelet et al. 1997). We find 
that this difference in the vegetation quality can account for the lack of significance in species 
richness vs. vegetation cover. Moreover, even within a day, ant species occupying a given area 
can differ due to their optimal temperature range (Lopez et al. 1992). Likewise, we can observe a 
succession of different ant species depending on the diel and specific time of the day. However, 
the study was done once on a specific time of the day. If we were to accumulate all the species 
for this study area, a set of samples across time can show a better representation of the total 
species richness of the ant community in the E.S. George Reserve.  

 
In the future we hope to repeat the experiment at other times of day, during the night and 

during different seasons.  This process will allow us to ensure that our observed patterns are not 
due to diurnal, climatic, or seasonal affects.  We also hope to look at how Autumn Olive is 
affecting the ant community versus how native vegetation is affecting the ant community.  

 
Research has shown that biodiversity is critical to ecosystem function (Naeem et al. 

1994).  Loss of one species such as a keystone species can result in a dramatic loss of 
biodiversity (Scot Mills et al. 1993).  If the “halo of life” theory can effectively predict patterns 
in ant species richness, it may also help us predict how the loss of a dominant species will affect 
other species in the community.  Such findings may prove invaluable to conservation biologists.    
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THE EFFECT OF AN ENVIRONMENTAL GRADIENT ON SPECIES ABUNDANCE IN 
CASSANDRA BOG 

JANE SKILLMAN    
 

ABSTRACT 
Environmental gradients within ecosystems can affect the distribution of species 
abundances within an ecosystem. This study quantifies the differences in the abun-
dances of Vaccinium corymbosum and Chamaedaphne calyculata between a bog-like 
ecotone and a lagg-like ecotone within Cassandra Bog. The results support the hy-
pothesis that C. calyculata is more abundant in the bog-like ecotone, while V. 
corymbosum is more abundant in the lagg-like ecotone, but the results show that this 
difference is not caused by differences in pH.  Alternative hypotheses are discussed, 
including the role of water saturation, competition and the effect of hybridization on 
V. corymbosum fitness in different soil regimes.  
 

INTRODUCTION 
 

Wetlands are a highly diverse subset of ecosystems that differ from non-wetland ecosystems 
in their hydrology, chemistry and species biodiversity. The general definition, according to the 
US Fish and Wildlife Service, states that a wetland: a) has a non-mineral substrate that is either 
saturated or covered with shallow water for a portion of the year, a) has hydrophytes as the do-
minant life-form; and, c) is a transitional land between terrestrial and aquatic systems (Mitsch 
and Gosselink 2000). Two common wetland types in Michigan are bogs and fens. Both bogs and 
fens are peat-accumulating wetlands with acidophilic mosses. The main difference between the 
two is their hydrology: bogs have no significant inflows or outflows of water other than precipi-
tation, whereas fens receive drainage from the surrounding mineral soil (Mitsch and Gosselink 
2000).  

Due to their transitional nature, wetlands can sometimes be taxonomically classified as wet-
land complexes, with different ecotones within the wetlands having different hydrology, chemis-
try and vegetation cover types (Nazaire and Crow 2008). For example, Hidden Lake Bog, lo-
cated within the E.S. George Reserve in Pinkney, MI, has been characterized as a transitional 
mesotrophic poor fen with some mineral-rich groundwater flowing in (Williams 2008). As well 
as being a transitional zone between a mineral soil forest and a lake, there are at least two differ-
ent ecotones within Hidden Lake Bog:  the mesotrophic fen and a mineral rich ecotone located 
between the fen and the marsh, commonly called a lagg (Williams 2008; Crum and Planisek 
1992). 

Cassandra Bog, located in the north-west corner of the E.S. George Reserve near Pinkney, 
MI, also seems to have at least multiple ecotones. In its south-east corner, there’s a marsh eco-
tone directly beside the forest with an influx of water from the surrounding mineral soil, a lagg 
ecotone that has both sphagnum mats and a waterlogged substrate, suggesting that it has qualities 
similar to a fen, followed by a more bog-like ecotone, with a firm substrate and sphagnum hum-
mocks.  

The two dominant ericaceous species in Cassandra Bog are Vaccinium corymbosum and 
Chamaedaphne calyculata. They are both present in the lagg and bog ecotones, but V. corymbo-
sum seems to be more dominant in the lagg ecotone, while C. calyculata seems to be more abun-
dant in the bog ecotone. Both species are well-documented wetland species that are known to 
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thrive in acidic, water-saturated soils, but C. calyculata is known to prefer drier conditions 
(Murphy et al. 2009). 

This study intends to quantify the differences in dominant species abundance between two 
ecotones in the Cassandra Bog: the lagg ecotone and the center bog ecotone, and how these dif-
ferences relate to the pH of the substrate. Due to the abundance of sphagnum, both the lagg and 
bog ecotones are predicted to have an acidic pH, however, the proximity of the lagg to an influx 
of mineral soil water suggests that the lagg may be less acidic than the bog. It is also predicted 
that C. calyculata is more abundant in the bog ecotone than in the lagg ecotone because the lagg 
is much wetter compared to the bog area, and C. calyculata is known to prefer drier conditions 
(Murphy et al. 2009).  V. corymbosum is predicted to be more abundant in the lagg ecotone be-
cause the wetter conditions will make them more . 

 
METHODS 

Sampling Site 
Sampling took place in two sections of the south-east quarter of Cassandra Bog at the E.S. 

George Reserve in Pinkney, MI. The first section was the lagg ecotone, and begins approxi-
mately 10 to 15 meters from the edge of the forest. The lagg is characterized by saturated sub-
strate dominated by sphagnum and two woody species, Vaccinium corymbosum and Cha-
maedaphne calyculata. Approximately 50 meters from the edge of the forest, the substrate be-
comes firmer, and the hummocks become taller and more delineated. More species were ob-
served in the bog ecotone compared to the lagg ecotone, including Laris laricina and Vaccinium 
macrocarpon.  

 
Sampling Methods 

Sampling occurred along four transect lines, each 25 - 50 meters long. The first three tran-
sects were 25 meters long. They ran south to north, starting at the southern edge of the lagg, in 
order to test for gradual changes as the lagg transitions from a marsh to a bog. The fourth tran-
sect was 50 meters long and ran east to west within the bog, just north of where the first three 
transects ended. I sampled along this transect so that I could compare the bog ecotone with the 
lagg ecotone.  Due to time constraints, I was unable to sample more than one center transect.   

 In order to study the abundance of the dominant woody species, I measured the number of 
clumps and the clump width of all V. corymbosum and C. calyculata touching the transect lines.  
I also estimated the highest point of all  V. corymbosum clumps using the height of personal body 
parts as measurements, but was unable to do the same for C. calyculata due to differences in 
hummock heights. V. corymbosum clump was considered distinct if all the stems grew from a 
common point in the substrate. A C. calyculata clump was considered distinct if it grew on a dis-
tinct hummock. I measured the height of all V. corymbosum touching the transect line in order to 
test if distance from the point of water influx affects its growth.  Finally, I took soil and water 
samples from three points along each transect (end, middle, center), for pH analysis in the lab. 
The pH was analyzed in the lab with a bench-top pH meter. Soil samples were mixed with a wa-
ter solution with a pH of 7 immediately before taking the pH measurement. 

 
Statistical Methods 

Transects one, two, and three, running south to north, were considered ‘lagg’ transects, while 
the fourth transect, running east to west, was considered a ‘bog’ transect.  
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I used regression analysis to test if there was a relationship between pH and distance from the 
southern edge of Cassandra Bog. Analysis of variance (ANOVA) was used to test if the follow-
ing variables differed between the lagg and the bog ecotones: V. corymbosum height and clump 
width, C. calyculata clump width, and average clump size of both V. corymbosum and C. calycu-
lata. Multiple ANOVAs were performed because of unequal sample sizes.  

 
RESULTS 

 
pH 
 The pH in the south-east section of Cassandra Bog ranged from 4 to 5.2. The bog ecotone 
had an average pH of 4.5, while the lagg eco-
tone had an average pH of 4.6. There was no 
significant correlation between pH and the dis-
tance from the southern edge of Cassandra 
Bog (regression; F = 0.4913; P = 0.4979; Fig-
ure 1). The southernmost section of Cassandra 
Bog with standing water and marsh-like vege-
tation has a more alkaline pH (5.7) than either 
the lagg or the bog, but there were not enough 
data points to test for statistical significance. 
 
Differences in species abundance between the 
lagg and the bog ecotone 
 As separate variables, V. corymbosum 
clump widths and heights did not significantly 
differ between the lagg and bog (Table 1a). 
However, the product of V. corymbosum 

Figure 1. Regression analysis of pH and 
distance from southern edge of Cassandra 
Bog. This regression line is not significant (F 
= 0.5; R-square = 0.04; P = 0.5). 

Table 1a Df Sum Sq Mean Sq F Value P (>F) 
V. corymbosum height 1 0.2295 0.2295 1.3353 0.25 

V. corumbosum clump width 1 0.3468 0.3468 2.0179 0.16 
height x width 1 1.2110 1.2110 7.0459 0.01 * 
Residuals        36 49.119 1.364   
Table 1b Df Sum Sq Mean Sq F Value P (>F) 
C. calyculata clump width 1 0.6506 0.6506 2.724 0.1 
Residuals 49 11.7024 0.2388   
Table 1c Df Sum Sq Mean Sq F Value P (>F) 
Average no. C. calyculata  clumps per transect 1 0.67368 0.67368 52.379 0.09  
Average no. V. corumbosum  clumps per transect 1 0.29317 0.29317 22.794 0.13 
C.C. x V          1 0.22029 0.22029 17.127 0.15 
Residuals        1 0.01286 0.01286   
 

Table 1.  ANOVA analyses testing the differences between the bog and lagg, separated due to unequal 
sample sizes.  Table 1a shows the difference in V. corymbosum height and width, Table 1b shows the 
difference in C. calyculata clump width, and Table 1c shows the difference in the average number of 
clumps per transect of each species.  
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height and clump width does significantly predict 
whether a clump is located in the bog or the lagg. 
(Table 1a, Figure 2, P=0.01). (The measurement of 
the product of height and width will be called ‘tran-
sect area’ for the rest of this paper because it a 
measurement of the two-dimensional area of V. 
corymbosum clumps: the width is the length 
along the transect and the height is the tallest point 
in the clump.) The lagg showed more variability 
in V. corymbosum transect area, as shown by the 
differences in standard deviation between the 
lagg and bog (Figure 2).  
 There were no significant differences 
between the lagg and bog in C. calyculata 
clump width (Table 1b). ANOVA analysis for 
the average number of C. calyculata clumps per 
transect shows a marginal difference between the 
two ecotones (Table 1c, P = 0.09). Further 
analysis, using a one-tailed t-test with unequal 
variance, shows that there are significantly more C.calyculata 
clumps in the bog compared to the lagg (one-tailed T-test; P= 0.01). There was no difference in 
the average number of V. corymbosum clumps per transect (Table 1c). 

  
DISCUSSION 

 
pH 

A fen-like lagg should have a higher pH compared to a bog (Mitsch and Gosselink 2000). 
This is because the inflow of water from surrounding mineral soils adds cations, which increases 
the alkalinity (Murphy et al. 2009). In contrast, the main water input, and sometime the only in-
put into a bog is precipitation, which has considerably less cations than mineral soil. Moreover, 
the decomposition rate is usually much slower in a bog than in a fen, causing the organic content 
in a bog to be higher, which further acidifies the peatland (Mitsch and Gosselink, 2000). 

My hypothesis that the lagg ecotone is less acidic than the bog ecotone is not statistically 
supported by the data presented.  The one sample taken in the south marsh-like ecotone where 
the major water influx from the forest seems to occur was more basic than all other pH meas-
urements (5.7). However, since only one sample was taken in the marsh, a statistical test could 
not be used to analyze this data.  

An alternative hypothesis is that there’s no difference in pH because some of the mineral wa-
ter is flowing from the lagg into the bog ecotone, buffering the pH with an influx of cations. The 
average pH of an oligotrophic bog that only receives mineral inputs from precipitation ranges 
from 2.6 - 3.3 (Mitsch and Gosselink, 2000) In contrast, the average pH of the Cassandra bog 
ecotone is 4.6, suggesting that the bog ecotone should be classified as something within the gra-
dient between a minerotrophic (mineral-rich) bog to an oligotrophic (mineral poor) fen (Mitsch 
and Gosselink, 2000, p439).  In order to better characterize this wetland, more extensive analy-
sis, including water conductivity and pH gradients within the ‘bog’ ecotone, should be con-
ducted. 

Figure 2. Boxplots showing the mean and 
standard deviation of V. corymbosum transect 
area in the bog and lagg. Means: bog = 1.84 m2, 
lagg = 2.98 m2. Standard deviations: bog = 0.89 , 
lagg = 1.77. 
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Differences in species abundance between the lagg and the bog ecotone 

Although many of the variables did not significantly differ, both the comparison of the num-
ber of clumps per transect and the comparison of the V. corymbosum transect area support the 
hypothesis that C. calyculata is more abundant in the bog ecotone and V. corymbosum  is more 
abundant in the lagg ecotone.  

One of the difficulties of comparing abundance of these two species is that both can grow 
clonally or vegetatively, making it difficult to discern if distinct clumps are distinct individuals 
(USDA, NRCS. 2009). Measurements which more accurately depict biomass rather than the 
number of individuals are likely more appropriate for abundance comparisons of clonal species 
because biomass makes no explicit assumptions about the number of individuals. As a result, I 
argue that the transect area measurement was a better indicator of abundance than independent 
variables because it was a better measurement of biomass. Also, given that I sampled along a 
two-dimensional transect (that had both length and height), it makes logical sense to use a two-
dimensional measurement for comparing biomass (as opposed to a one-dimensional or three-
dimensional measurement). In a sense, the average number of clumps per transect gives a gross 
approximation of biomass. I did find more C. calyculata clumps within the bog ecotone, suggest-
ing that there’s a higher abundance of C. calyculata in the bog, but a comparison of the heigh-
width area of each clump would likely give a better estimate of C. calyculata distribution. 

The transect area measurements show not only that there’s more biomass of V. corymbosum 
in the lagg, but also that there’s a higher variability in clump size in the lagg.  One hypothesis for 
this is that V. corymbosum growth is limited in the bog ecotone but not in the lagg ecotone. I 
speculate that the limiting factor for V. corymbosum in the bog ecotone is at least partially caused 
by competitive interactions. The lagg ecotone is waterlogged, but the bog ecotone is compara-
tively well-drained (pers. obs.). Both V. corymbosum and C. calyculata are known to prefer well-
drained soils (USDA, NRCS. 2009) Moreover, with respect to V. corymbosum, Da Silva et al. 
(1999) found that waterlogged conditions decrease V. corymbosum fitness by increasing Phy-
tothera root diseases, furthering the hypothesis that V. corymbosum prefers the bog but is facing 
more competition there. The one problem with this hypothesis is that the lack of dead Vaccinium 
bushes in the waterlogged lagg suggest that they are growing vigourously and are not diseased.  
 An alternative hypothesis is that the V. corymbosum bushes are actually hybrids of two or 
more Vaccinium species, and as a result, have a better ability to phenotypically adjust to water-
logged conditions.. Hybridization in Vaccinium species, especially high-bush blueberry, is well-
documented (Lyrene et al. 2003; Bassil et al. 2008). It occurs so often, some researchers have 
argued that Vaccinium coryumbosum is actually a highly variable complex (USDA, NRCS 
2009,). At least one study has shown that hybridization can allow Vaccinium corymbosum to tol-
erate a wider range of soil conditions. DNA analysis of these bushes may help provide some pu-
tative answers regarding which species, if any, have hybridized and the extent to which this has 
an effect on V. corymbosum’s tolerance to waterlogging.  
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STANDS OF TYPHA SPP. SUPPORT A DIFFERENT COMPOSITION OF BENTHIC 
MACROINVERTEBRATES THAN OTHER TYPES OF VEGETATION IN 

EXPERIMENTAL PONDS AT E.S. GEORGE RESERVE  

SEMOYA PHILLIPS 

ABSTRACT 

Typha spp. are emergent wetland plants that are becoming increasingly invasive 
in eastern North American wetlands. They accomplish these invasions through 
hybrid vigor and positive feedbacks. These typha spp. form monotypic stands that 
displace native wetland flora. In order to test whether or not these invasions have 
an impact on wetland benthic macroinvertebrates, experimental ponds at the E.S. 
George Reserve with different types of vegetation were used. They were 
characterized by whether cattails were present or not. Benthic macroinvertebrates 
were classified into orders and families. There was no difference in the number of 
taxa present in the presence or absence of cattail. There was however a difference 
in the types of taxa that were present in each treatment. 

INTRODUCTION 

 Typha spp. are emergent plants that are becoming increasingly common in wetlands in 
eastern North America (Olson et al 2009). Typha latifolia is the cattail species native this region. 
It hybridizes with T. angustifolia, a European invasive, to form Typha x. glauca. T. x. glauca 
displays hybrid vigor, it has the ability to invade areas not previously invaded by its parent 
species, such as disturbed areas with unstable water levels (Olson et al 2009)(Zedler and Kercher 
2004).  This invader also responds more rapidly to nutrient addition than sedge meadow 
vegetation.  

 Typha x. glauca’s hybrid vigor and Typha spp tendency to form monotypic stands is 
causing a decline in native sedge meadow vegetation. Evidence by Frieswick and Zedler 2007 
indicates that Typha-dominated habitat can expand to eliminate sedge meadow vegetation during 
periods of low water levels. Typha spp may also act as an ecosystem engineer by adding 
nutrients to the soil that support its existence and in turn help to maintain Typha spp as the 
dominant species (Tuchman et al, In Press). 

 Studies have made it clear that Typha spp are outcompeting native sedge marsh species. 
Does this change in vegetation have an impact on the fauna in this ecosystem? Composition of 
the benthic macroinvertebrate community is widely considered an effective tool for evaluating 
environmental (trophic) conditions.  They are abundant, easy to sample, ubiquitous and are 
among the first trophic levels to reflect changes that occur in the vegetation (Carter et al 2006). 

 The experimental ponds at the E.S. George Reserve presented a unique opportunity to 
study to study the presence of Typha spp. on the composition of benthic invertebrates.  My 
question was whether or not differences in vegetation impact the composition of benthic 
invertebrates within an aquatic system. Because Typha spp invasiveness is an ongoing issue I 
used presence or absence of Typha sp as my variable. I hypothesized that composition of the 
benthic invertebrate community would differ between and within ponds that had Typha present.  

117



 

METHODS 

In order to observe whether there is a relationship between the presence of cattails (Typha sp.) 
and benthic invertebrate composition I used three large experimental ponds at the E.S. George 
Reserve. Each pond had a unique plant composition. Pond #8 has Typha sp. present while pond 
#3 has no cattail present.  Pond #6 has a unique composition where half of the pond has Typha 

sp. present and the other half has no Typha sp. present.  

In ponds #3 and 8 I took two samples, each on opposite sides of the pond. In pond #6 I 
took one sample in each representation of vegetation. I used a net to sample the soils. Each 
sample was about 1 cup of soil. The soil samples were placed in a pan and approximately 20oz 
of water from the site of the soil sample was added to the pan. I then sorted through the debris 
and made counts of individuals representative of the following taxa; suborder: Anisoptera, order: 
Ephemoptera, order: Amphipoda, family: Chironomidae, Family: Corixidae, Family: 
Notonectidae, and order: Trichoptera. 

For analysis I condensed both samples taken at the ponds with uniform composition into 
one sample. However, I kept the two samples from pond #6 separate and grouped them 
according to whether or not the sample was taken at a site where cattails were present. 

RESULTS 

Figure 1. Representation of taxa that were present in ponds with cattails (CT) and without cattails (No CT) with 
standard error bars. Ttests were done for each taxon. 
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Table 1. Representation of the taxa found in the various ponds and the p-values resulting from T-tests of the 
abundance of species in ponds that had cattails vs. those that had no cattails.  

 

 

Figure 2.  Displays the average number of taxa present in ponds with cattails (CT) and without cattails (No CT). A t-
test resulted with p=0.77. 

 

Taxon P-value 

Amphipoda 0.25 

Chironomidae 0.13 

Ephemoptera 0.12 

Corixidae 0.25 

Anisoptera 0.10 

Notonectidae 0.20 

Trichoptera 0.25 
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Figure 3. Insects present within pond #6 in samples associated and not associated with stands of Typha spp 

 

. 

DISCUSSION 

There is no difference in the number of taxa present in ponds with Typha spp. and those 
without Typha spp p=0.77. There is, however some differences in which taxa occur where. Due 
to small sample sizes, p-values are not significant (Table 1) but graphical representation in Fig. 1 
displays a trend. Individuals of the taxa amphipoda and chironomidae were only found in 
samples associated with cattail stands. Likewise, individuals of the taxa notonectidae and 
trichoptera were only represented in samples not associated with cattail stands. It is even 
suggested that within one small body of water the presence and absence of Typha spp. in 
different zones of the same pond can be important. Figure 3 represents the insect populations that 
were found in pond #6. Recall that this pond system is bordered by cattail stands on one side of 
the pond but not on the other. Even within this small system insects that were present in the 
sample associated with the cattail stands were not present in the sample not associated with the 
stand of Typha spp.  

Despite small sample sizes it is clear that insect communities associated with Typha spp. 
differ from those associated with other vegetation within the experimental ponds of the E. S. 
George Reserve. This difference in insects related to Typha spp. may be important when 
considering larger system such as the Great Lakes which are progressively being dominated by 
the invasive T. x glauca, the hybrid offspring of T. angustifolia and T. latifolia.  

Typha spp are aggressive invaders that not only respond to external nutrient inputs, but 
also increase nutrients (Tuchman et al, in press). This positive feedback helps to fuel Typha spp 
invasions but may also be a factor in explaining why insect populations differ. Typha spp may 
increase soil nutrients because they contribute a lot of detrital matter to the system.  

This addition of detrital matter may also be the reason why certain types of insects are 
associated with stands of Typha spp. Amphipoda and chironimidae were the species that were 
associated only with cattail stands. Amphipoda are scavengers and chironomidae live in places 
rich in organic matter such as decaying plant materials. Conversely, notonectidae, which were 
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found only in samples where cattail were not present are predaceous insects (Triplehorn and 
Johnson 2005).   

If insects were identified to a finer scale, one could study their diets and this may also inform us 
on the association these insects have with the flora they are associated with. One could 
potentially do a similar study in the systems where monotypic cattail stands are replacing wet 
meadow flora. Wet meadows are the most species-rich habitat type in Great Lakes coastal 
wetlands. They support a wide range of wildlife, particularly birds (Frieswyck and Zedler 2007).  
The loss of wet meadows may mean loss of habitat for birds. This shift in flora could also have 
implications for aquatic fauna. Monitoring aquatic insects, fauna that would be first to display 
changes, may be important in describing implications for animals in higher trophic levels. 
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DISTRIBUTION AND ABUNDANCE OF ORGANISMS INHABITING PITCHER PLANT 
INQUILINES 

EVAN CHILDRESS 

Abstract. The water-filled pitchers of the carnivorous plant Sarracenia purpurea 
provide a habitat for a number of organisms including the larvae of Wyeomyia 
smithii, which is thought to act as a top-predator, and Metriocnemus knabi, which 
feeds directly on drowned insect carcasses.  This study examines the factors 
influencing the distribution and abundance of these and the microorganisms 
present in S. purpurea pitchers within a bog by collecting data on the spatial 
relationships between pitcher communities, pitcher characteristics, and the 
presence and abundance of W. smithii, M. knabi, water mites, rotifers, paramecia, 
and tetrahymena.  The number of species in a pitcher is related to pitcher width 
likely because pitcher width influences colonization rates.  Pitcher width was 
related to the presence of W. smithii at the clump and pitcher scales indicating that 
females select clumps containing wide pitchers and wide pitchers within those 
clumps.  The frequency distribution of the number of W. smithii individuals in a 
pitcher follows a power function suggesting that W. smithii use consistent 
oviposition site selection criteria resulting in a higher probability of oviposition in 
pitchers containing W. smithii.  The coincidence of W. smithii and M. knabi was 
higher than predicted by chance, which is consistent with findings that the species 
are commensal.  Wyeomyia smithii is the benefactor in the commensalism; 
however, the results paradoxically suggest M. knabi preference for pitchers 
containing W. smithii.   

INTRODUCTION 

Sarracenia purpurea, the purple pitcher plant, inhabits bogs from in the Great Lakes Region, 
southeastern Canada, and down the eastern seaboard to Florida.  Bogs are very low in nitrogen, 
and each S. purpurea plant produces many pitchers that capture rainwater and subsequently 
drown insects providing a source of nitrogen independent of soil content.  The captured 
rainwater, called an inquiline, also provides a habitat for a number of invertebrates.  The larvae 
of two dipterans, the mosquito Wyeomyia smithii and the midge Metriocnemus knabi, are found 
only in the inquilines of S. purpurea (Peterson et al., 2008).  Other inhabitants include water 
mites, rotifers, paramecia, tetrahymena, and bacteria.  Drowned insects form the base of the food 
web in these inquiline communities.  Water mites, M. knabi, rotifers, paramecia, tetrahymena, 
and bacteria feed directly upon the drowned insects.  Metriocnemus knabi shreds drowned 
insects which may increase their availability to other scavengers (Heard, 1995).  Wyeomyia 
smithii filters water for bacteria, drowned insect particles, rotifers, and ciliates and is known to 
act as a top predator, controlling rotifer abundance and increasing bacterial diversity, when dead 
insect inputs are controlled (Kneitel and Miller, 2002; Peterson, 2008).   

The theory of Island Biogeography predicts that species richness on islands can be predicted by 
rates of immigration, emigration, and persistence (McArthur and Wilson, 1967).  Immigration is 
influenced rates of discovery, which depend on the distance of the island from a source 
population and the size of the island which increases the probability that an individual will 
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randomly come across an island.  The species-area relationship predicts that larger areas contain 
more species because they contain more diversity of habitat (Cain, 1938). 

The inquilines of S. purpurea are discrete, isolated habitats and so can be thought of as islands.  
The colonization of pitchers may depend on dispersal mechanisms and the distance between 
pitchers, between clumps of pitchers, or between bogs.  The goals of this study were to examine 
whether the species-area relationship is maintained for this community, to determine whether 
spatial relationships within a bog influence the distributions of W. smithii and M. knabi, to 
investigate how pitcher characteristics influence community composition, and to determine 
whether species abundance patterns observed in controlled environments occur in the field. 

METHODS 

Pitcher plant communities were sampled in Hidden Lake Bog in the E.S. George Reserve, 
Livingston County, MI on October 16th and 18th, 2009.  All of the liquid was removed from 
sampled pitcher plants with an eye-dropper to sample the organisms therein.    Calipers were 
used to measure the width of the opening from either side of the base of the operculum, the flap 
that partially covers the opening.  Volume of the liquid in each pitcher was measured to the 
nearest 0.5ml using a graduated syringe.   

Species data 

Species data were collected at two resolutions.  On the first sampling date W. smithii and M. 
knabi were counted in each pitcher before measuring the volume and returning the liquid to the 
pitcher; I will refer to this as “low resolution” henceforth.  On the second date all liquid was 
taken back to the lab and examined under a microscope, henceforth “high resolution”.  A census 
of W. smithii, M. Knabi, and water mite species was conducted for each sample; paramecia and 
rotifers were counted in one microscope field at 40x magnification, and tetrahymena were 
estimated in one microscope field at 100x.  Densities were multiplied by volumes to attain 
relative abundances for pitchers, which did not represent absolute abundance since no effort was 
made to calculate the volume sampled in a microscope field.  

Spatial data 

On the first sampling date, distance to nearest water filled pitcher and the presence absence of W. 
smithii and M. knabi were recorded for each pitcher.  Pitchers were present in clumps likely 
representing all the pitchers produced by a single plant.  The number of pitchers in a clump was 
counted and the distance to the nearest clump was measured.  These data were only recorded for 
the low resolution data.  

RESULTS 

Seventy-eight pitchers in five clumps were examined for the low resolution species data, and 28 
pitchers in six clumps were examined for the high resolution species data.  Wyeomyia smithii, M. 
knabi, water mites, rotifers, paramecia, and tetrahymena were found in the pitchers.  The water 
mites may have been Serraceniopus gibsonii, which are known to inhabit pitcher plants, but no 
attempt was made to identify these or the ciliates.  The ciliates were most abundant followed by 
mites, W. smithii, and M. knabi in that order.  All organisms were found in a high percentage of 
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pitchers except paramecia which were found in only four pitchers and M. knabi which were 
found in slightly less than half of the pitchers (see Table 1).   

Table 1. The percent of pitchers occupied and the range of abundance or density for each class of organisms. 

 % of Pitchers 
Occupied 

Range of Abundance/Density 

W. smithii 73% 0-72 per pitcher 
M. knabi 41% 0-10 per pitcher 
Mite 79% 0-68 per pitcher 
Rotifer 82% 0-44 per 40x microscope field 
Paramecium 14% 0-55 per 40x microscope field 
Tetrahymena 93% 0-400 per 100x microscope field 

 

The presence/absence of W. smithii and M. knabi were not influenced by distance to the nearest 
pitcher, presence/absence of either species in the nearest pitcher, number of pitches in a clump, 
or the distance between clumps.  There was a significant difference between clumps of pitchers 
in width (ANOVA: P=.0001) but not volume (ANOVA: P=.1).  The mean width of pitchers in a 
clump is significantly correlated with the percent of pitchers occupied by W. smithii, but there is 
no relationship between mean width and the percent of pitchers occupied by M. knabi (Figure 1).  
This relationship was not examined for volume because clumps did not differ significantly in 
volume.  There was no significant relationship between the number of pitchers in a clump and 
the width of the pitchers, although clumps with more pitchers tended to have smaller pitchers.   

Figure 1. Simple linear regressions between mean width (mm) of pitchers in a clump and the percent of pitchers in 
the clump occupied by W. smithii or M. knabi. 

 

P=.004 

P=.40 
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There was a significant correlation between the width and volume of pitchers (R2=.5772, 
P<<.01).  There was a significant relationship between the number of species present in a pitcher 
and the volume and width of a pitcher in the low resolution species data (volume: R2=.2584, 
P<<.01; width: R2=.2939, P<<.01) and between number of species and width in the high 
resolution species data (R2=.3549, P<<.01; Figure 1).  There was a marginally significant 
relationship between number of species and volume in the high resolution species data 
(R2=.1201, P=.07).   

Figure 1.  Simple linear regression between pitcher width and the number of species present in a pitcher for the high 
resolution species data.   

 

However, regression analysis showed that only the relationship between width and the number of 
species in a pitcher was significant for low and high resolution data (Table 1). 

Table 1. Regression analysis for pitcher width and volume as independent variables and number of species as the 
dependent variable.  Only width maintains a significant relationship with number of species. 

Independent variable P Beta 
Constant (low res.)  .847 
Width (low res.) .017 .369 
Volume (low res. .135 .228 
Constant (high res.)  .190 
Width (high res.) .004 .741 
Width (high res.) .404 -.198 

 

To examine whether this relationship between width and presence/absence was just an artifact of 
the relationship between the percent of pitchers occupied and the mean pitcher width in a clump, 
within clump comparisons were made.  For four out of the five clumps in the low resolution data, 

P<<.01 
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pitchers containing W. smithii were significantly larger than those without W. smithii (T-tests: 
P=.01, P=.02, P=.03, P=.04, P=.39).  There was no significant difference in width between 
pitchers with and without K. knabi within a clump (T-tests: P=.16, P=.24, P=.21, P=.43, P=.71).   

A Chi-squared test lumping the low and high resolution data for presence/absence of W. smithii 
and M. Knabi revealed a significantly higher coincidence that expected by chance (P=.04).  The 
number of pitchers containing neither species and the number of pitchers containing both species 
were higher than expected, but the numbers containing one species or the other were lower than 
expected.  This pattern was not true when the high resolution data was analyzed separately 
(P=.35) and was marginally significant for the low resolution data (P=.08).  None of the other 
comparisons for presence/absence of species were significant.  Simple linear regressions between 
the each pair of species in the high resolution data yielded no significant relationships.   

The frequency distribution of the abundance of mosquitoes in a pitcher followed a power 
function (m= -1.8, R2=.9722; see Figure 2). 

Figure 2.  The frequency distribution of the number of mosquitoes in a pitcher (note that both axes are natural 
logarithms). 

   

DISCUSSION 

The finding that the presence/absence of W. smithii and M. knabi in nearest neighbor pitchers 
does not influence presence absence of either species indicates that females do not oviposit in 
nearby clumps of pitchers but either oviposit in only one pitcher or determine secondary 
oviposition sites by a mechanism other than purely proximity.  It is likely that, since adult W. 
smithii and M. knabi can fly, it is advantageous to determining oviposition sites based on quality 
rather than proximity.  This also explains the lack of a relationship for distance between clumps 
of pitchers and species occurrence.  This result, that geographic distance does not influence the 
distribution of W. smithii and M. knabi within a bog, is consistent with prior research (Peterson et 
al., 2008).   
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While the number of pitchers in a clump did not influence the percent of pitchers occupied for 
either W. smithii or M. knabi, the mean width of pitchers in a clump was highly correlated with 
the proportion of pitchers occupied by W. smithii.  This could indicate that W. smithii females 
locate oviposition sites first at the clump scale based on the size of pitchers.  If this were an 
artifact of random site selection favoring larger pitchers, there should be a bias also towards 
clumps with large numbers of pitchers since the total area of the openings would be large.  This 
second pattern did not occur.   

The finding that, within a clump, pitchers with W. smithii are wider than those without indicates 
that the association between W. smithii and wide pitchers occurs at both the clump scale and the 
pitcher scale.  This could indicate that W. smithii first select clumps of wide pitchers and then 
within that clump select wider pitchers for oviposition.  This could also be a spurious correlation 
that reflects some other preference; for example, prior research has found that W. smithii tends to 
avoid ovipositing in pitchers with high nitrogen content possibly due to the potential for very low 
dissolved oxygen content (Hoekman et al., 2007).  Width could be correlated with nutrient 
concentrations or some other factor influencing oviposition.   

The higher than expected coincidence of W. smithii and M. knabi and the lack of relationship 
between pitcher characteristics and M. knabi suggests that M. knabi may prefer pitchers with W. 
smithii.  This is somewhat counter intuitive given the trophic relationships between the two 
species.  Drowned insects are the primary food source for M. knabi which is able to feed directly 
on whole carcasses.  Wyeomyia smithii on the other hand is a filter feeder that feeds on particles 
of drowned insects, bacteria, and ciliates.  Heard (1995) found that growth of W. smithii was 
increased by the presence M. knabi, but that M. knabi growth was unaffected by the presence of 
W. smithii.  Heard termed this a “processing chain commensalism” since W. smithii benefits from 
M. knabi shredding drowned insects, but M. knabi is unaffected.  A logical prediction from this 
relationship follows: W. smithii should prefer pitchers containing M. knabi because M. knabi 
increases the food available to W. smithii.  However, my results suggest the inverse: M. knabi 
prefers pitchers containing W. smithii.  Adding to the confusion are reports of W. smithii 
reducing dissolved oxygen levels likely due to a trophic cascade that increases bacterial 
abundance in controlled experiments (Kneitel and Miller, 2002), which could reduce the 
metabolic efficiency of M. knabi.  Kneitel and Miller also report that the presence of W. smithii is 
associated with less acidic pH levels, so if M. knabi is more sensitive to pH than to dissolved 
oxygen concentration, this preference would be logical.  Further research on site selection for 
oviposition in both species could elucidate this paradoxical result. 

The relationship between the number of classes of organisms and the width of pitchers indicates 
that the species-area relationship holds up in these communities.  The fact that the relationship is 
driven by width not volume suggests that colonization is driving this pattern.  Width is likely 
related to rates of discovery since the pitcher opening represents interaction with the broader 
ecosystem.  Additionally emigration by W. smithii and M. knabi, which constitute a third of the 
classes of organisms examined here, is inevitable since both species have an adult stage outside 
of the pitcher, so it is likely that colonization plays major role in maintaining this relationship.   

No relationships were found between organisms other than W. smithii and M. knabi collected in 
the pitchers; there are two likely explanations for this.  First, the sample size was small.  The 
relationship between W. smithii and M. knabi was only apparent when the data from the two 
sampling resolutions were lumped; the P-value derived from only the high resolution data was 
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0.35.  Since the relationships between other species could only be examined in the high 
resolution data it is likely that there exist relationships that were not uncovered.  Second, 
resource inputs were not quantified and since these communities are resource limited (Peterson 
et al., 2008), the interspecific relationships may have been obscured by a lack of control for 
resource availability.   

The result that the frequency distribution of the number of W. smithii in a pitcher follows a 
power function indicates preferential oviposition where mosquitoes already exist.  This could be 
due to similar site selection criteria, for example pitcher width, or a preference for pitchers 
already containing larvae.  It is more likely due to the first explanation since the presence of 
other larvae likely increases competition and W. smithii is known to be resource limited (Heard, 
1995; Peterson et al., 2008).   

Further research examining the factors influencing oviposition by W. smithii and M. knabi would 
elucidate the mechanisms that cause the frequency distribution of the number of mosquitoes in a 
pitcher to follow a power function and the coincidence of the two species to be higher than 
expected.  Additionally knowledge dispersal mechanisms of mites and microscopic organisms 
would help to further clarify the influence of colonization on the species-area pattern observed.   
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NESTING PREFERENCES IN ELAEAGNUS UMBELLATA 
 

JES SKILLMAN, MAIRIN BALISI, MEGAN BANKA, AMANDA GRIMM 
 

ABSTRACT 
Abstract:  We examined the differences between invasive Elaeagnus umbellata 
shrubs that did and did not contain bird nests.  Because the relationship between 
exotic species and other native community organisms in a system is often unclear, 
we sought to discern what features of E. umbellata predict the presence of nests as 
well as which species choose to nest in these shrubs.  We sampled twenty shrubs 
total – ten with nests and ten without – and took measurements of shrub size and 
cover, as well as nest characteristics for identification purposes.  There were no 
strong significant differences in our measurements between nest and non-nest 
shrubs although the amount of cover was marginally significant.  Further 
research, including measurements of E. umbellata patch size as well as potential 
comparisons with nests in native shrubs, may help elucidate this relationship. 

 

INTRODUCTION 

With the establishment and spread of invasive plants, the composition of native plant 
communities becomes simplified, resulting in long-term and often irreversible habitat 
degradation (Flanders et al. 2006).  Invasive Bromus inermis and Poa pratensis have been shown 
to induce bottom-up biodiversity reductions in insects (Kinicki 2008).  Exotic Rhamnus 
cathartica, associated with Turdus migratorius (American Robin) territories and nests, was 
correlated with decreased fecundity in the bird species (Whelan and Dilger 1992; Whelan and 
Dilger 1995; Schmidt and Whelan 1999).  Alien shrubs have also been demonstrated to exert a 
neutral or detrimental effect on Catharus fuscescens (Veery) nest sites (Heckscher 2004).  
Consequently, understanding the impact of invasive plants on animals is an area of ecological 
concern. 

This study focuses on the shrub Elaeagnus umbellata, commonly known as Autumn Olive. 
Introduced in North America from East Asia in 1830 as an ornamental plant, E. umbellata has 
since become invasive throughout the eastern United States (USDA Forest Service 2006). 
Because of its ability to fix nitrogen, resist drought and disease, and tolerate infertile soils, E. 
umbellata has largely been successful in crowding out other plant species and changing the 
vertical structure of the vegetation (Fordham 2003). 

Bird diversity is strongly correlated with foliage height diversity (Hunter 1999); and for some 
opportunistic bird species, invasion by E. umbellata may be a net benefit, providing less 
competition for nesting locations, a greater diversity of nesting sites, and a wealth of edible 
berries.  This study sets out to determine which factors determine the presence of bird nests in E. 
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umbellata, and which birds are choosing to nest in it.  We predict that birds would prefer the 
protection of dense shrubs with accessibility to a significant amount of cover. 

 
MATERIALS AND METHODS 

 
Study Site 
The study was conducted in the Airfield and Evan’s Old Field within the E.S. George Reserve in 
Pinckney, MI.  These fields are characterized by a mixture of old field grasses and forbs as well 
as significant encroachment by the invasive shrub, Elaeagnus umbellata. 
 
Sampling Methods 
Beginning at the southern edge of the Old Field, we walked a line transect with an azimuth of 0°.  
At every 10 meter point along the transect, we located and measured the nearest E. umbellata.  
We measured shrub height, the distance to the nearest neighbouring tree, the girth at breast 
height (GBH), and the percent cover from within the shrub at the three points where GBH was 
measured. Percent cover was measured with a densiometer. We used percent cover to provide 
information about how much cover from aerial predators E. umbellata provides. After measuring 
shrubs along the transect, we located shrubs containing bird nests via meander surveys.  Both the 
Airfield and Old Field areas were surveyed.  When a shrub containing a nest was found, shrub 
height, GBH of three largest branches, and percent cover were measured and pictures were taken 
as described above.  Additionally, nest height above ground, depth, width, composition, and ap-
pearance were recorded. 
 
Measuring visibility 
In addition to the measurements above, we also estimated visibility by taking digital photos from 
the north and east sides of each shrub, then digitally analyzing the photos with Adobe Photoshop 
CS3 Extended. We held a white sheet behind the shrub in order to provide contrast and enable 
digital analysis, and  a frame in front of the shrub in order to standardize the area being analyzed. 
 
To digitally analyze the photos, images were first cropped and skewed if necessary, so that only 
the inside of the yellow plastic frame was visible (Figure 1).  A new brightness/contrast adjust-
ment layer was created over the background image, with contrast raised to 100; this helped the 
program distinguish between white and plant areas.  The pixel width of the entire image was 
copied into Analysis > Set Measurement Scale > Custom.  Pixel value was standardized for all 
photos.  Using the Magic Wand tool (tolerance 32; anti-alias checked; contiguous unchecked), 
the white areas of the image were selected.  The Record Measurements feature in the Measure-
ment Log box calculated the area of the white regions of the photo.  Next, using the Rectangular 
Marquee tool, the red grid-lines were excluded from the areas being analyzed.  The 
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Record Measurements feature was then used to take the area of the grid, not the white areas.  Fi-
nally, the Area values from the white regions and for the grid were copied into Excel and the 
percentage of white area was calculated. 
 
Biomass calculation 
The three GBH measurements for each shrub were inserted into a diameter-based allometric eq-
uation which calculated the biomass of the shrub.  The allometric equation was created for use 
with a similar shrub in the same genus, Russian Olive (Elaeagnus angustifolia) (Zhou 2006). 
 
Nest Identification 
A list of birds likely to nest in E. umbellata in southeastern Michigan was compiled with the help 
of an outside expert (Allen Chartier, pers. comm.).  From this list, probable identifications for 
each nest were made based on nest height, depth, width, composition, and appearance by com-
paring these metrics to descriptions and averages compiled in the Birds of North America (Poole 
2005). 
 
 

Figure 1. Digital image of Elaeagnus umbellata, cropped and ready for analysis in Photoshop 
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Statistical Procedures 
We used an Analysis of Variance (ANOVA) to test if the presence of nests is predicted by shrub 
height, biomass, percent cover or distance to the nearest neighbour. The percent visibility of 
shrubs with and without nests was compared separately in a t-test due to unequal sample sizes. 

 
RESULTS 

 
Statistical Analysis 
The results from the ANOVA 
test show that presence of nests 
in E. umbellata is not predicted 
by shrub height, biomass, percent 
cover or distance to the nearest 
neighbour (Table 1). Similarly, 
there is no significant difference 
between the visibility of shrubs 
with nests and shrubs without 
nests (Figure 2). 
 
Nest Identification 
We were able to identify seven out of ten nests. Three 
nests were unidentifiable because they were too disinte-
grated. Of the seven identified nests, four were found to 
be built by Cardinalis cardinalis. The rest were single-
tons and built by Spizella passerina, Zenaida macroura 
and Turdus migratorius. 

 
DISCUSSION 

 
For most of the characteristics which we measured, E. 
umbellata shrubs containing nests were not significantly 
different from randomly selected shrubs.  Nest shrubs had 
a lower level of visibility (that is, more cover for nests) 
compared to random shrubs, a finding that was margin-
ally significant.  This is in line with our hypothesis that birds choose nesting sites with superior 
predator cover. 
 
We were able to identify nests of four bird species, all of which are common, generalist species.  
If exotic shrubs are functionally different from their native counterparts as nesting habitats, one 
would expect that generalist species would be most able to utilize the new habitat.  Our study 

        Df  Sum Sq  Mean Sq  F value  Pr(>F) 
Biomass       1  0.1259   0.1259   0.4167  0.5283 
Nearest       1  0.0442   0.0442   0.1463  0.7075 
Height         1  0.0177  0.0177  0.0587  0.8119 
Cover          1  0.2789   0.2789   0.9228  0.3520 
Residuals    15  4.5332   0.3022                
 

 Table 1. ANOVA showing the probability that biomass, distance to 
the nearest neighbour, shrub height and percent cover predict the 
presence of nests in E. umbellata.    
 

Figure 2. Bar chart comparing the percent 
visibility of E. umbellata with and without 
nests, with standard deviation shown.  
Comparison is not statistically significant. 
(T-test; df=35; t=1.6739; P=0.1031) 
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was probably biased towards larger nests, as smaller nests are both more difficult to find and 
more likely to fall apart by October. 
 
In retrospect, a field measurement of the size of E. umbellata patches would have been more use-
ful than the nearest neighbor distance.  While in the field, we made the qualitative observation 
that nests tend to be located in large, dense E. umbellata patches, but we had given ourselves no 
way to quantify this.  This change in protocol, along with larger sample sizes, would have made 
for a more robust study. 
 
Our study was conducted in an area with very few native shrubs, and non comparable to E. um-
bellata in size and structure.  Perhaps as a result, in the course of our meander surveys we hap-
pened upon ten nests in E. umbellata, two nests in Amur honeysuckle, and one nest in multiflora 
rose, but none in the native shrubs.  That begs the question of whether these birds are nesting in a 
non-native shrub because they prefer it, or because E. umbellata has displaced native shrubs 
which provide superior nesting sites, a question which we are unable to answer with the data we 
gathered.  One previous study found that daytime bird activity was higher in native shrubs than 
in E. umbellata, suggesting that birds may prefer native shrubs over E. umbellata (Krintz 2008). 
 
A separate (but important) question from whether birds choose to nest in exotic shrubs is wheth-
er they are successful in doing so.  A further study could examine the relative reproductive 
success of birds nesting in native shrubs versus E. umbellata.  Predation accounts for a large pro-
portion of nest failures, and predation rates are greatly influenced by vegetation characteristics of 
nest sites. The encroachment of an invasive species will, to some extent, modify vegetation char-
acteristics, possibly rendering nests more susceptible to predators. For example, a 1999 study 
showed that birds nesting in exotic plants experienced higher predation rates and lower reproduc-
tive success than nests built in comparable native shrubs (Schmidt and Whelan). The authors at-
tributed these elevated predation rates to structural differences between the native and exotic 
species.  The structure of E.umbellata is significantly different from many of the native shrubs of 
southeastern Michigan, suggesting that predation rates should be studied. 
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COLONY SIZE IN FORMICA OBSCURIPES AS AN INDICATOR OF HABITAT 
STABILITY: A POSITIVE FEEDBACK LOOP FAVORING THE OCCUPATION OF 

STABLE HABITAT TYPES BY LARGE COLONIES 
 

JOHN BERINI 
 

ABSTRACT 
 

Multi-queen ant species are often considered to be short range dispersers. As a result of this 
dispersal behavior, it is thought that these species have strong colonies that tend to occupy large 
plots of stable habitat (e.g. old growth forest). Although this relationship has been tested across 
species, correlations between intraspecific colony size and habitat stability have thus far not been 
conducted. Here, I investigate the relationship between habitat stability and colony size, in 
addition to the relationship between colony size and the spatial arrangement of intra- inter-colony 
mounds. Significant relationships were found between colony size and habitat type, nearest non-
colony neighbor, and mound diameter. Additionally, intra-colony nests were found to be 
significantly closer to each other than those of interspecific competitors and thatch type was 
significantly correlated with habitat type. Based on these results, I suggest that a positive feedback 
loop has evolved, favoring the occupation of stable habitat types by larger colonies, however, 
significantly more data are needed to confirm this.  
 

INTRODUCTION 
 

Formica obscuripes is a multi-queen (polygyne) species which are generally thought to 
be short range dispersers (Sundstrom et al 2005). Puntilla (1996) noted that polygynous species 
disperse primarily through nest budding (short distance movements) and often form large 
colonies of cooperative nests. This study also showed that polygynous ants are more commonly 
found in large stands of older forest; this is due to the fact that short distance dispersers have 
enough space in these large stable plots of forest for developing into strong colonies, capable of 
excluding other territorially competitive species. It stands to reason then that strong (e.g. large) 
colonies from within the same species should also be found in more stable habitats. It has not 
been shown, however, how intraspecific colony size varies as a function of habitat type and 
stability. 

In addition to questions of habitat stability and its relationship to colony size, larger 
colonies will inherently require more resources and thus, should be expected to have larger 
territories. Cushman et al. (1988) and Mabelis (1979) found that larger F. altipetens and F. 
polyctena colonies, respectively, have larger territories and are more aggressive toward 
intraspecific competitors. This relationship has not been documented for F. obscuripes. 

In this study I investigate whether colony size, as defined by the number of mounds in a 
given colony, can serve as an indicator for habitat stability. If colony size in F. obscuripes can 
indeed serve as an indicator for habitat stability, I expect larger colonies to be found within forest 
habitats and smaller colonies to be found in increasingly unstable habitats (e.g. open fields or 
grassland). Additionally, I plan to investigate the spatial arrangement of mounds as a function of 
colony size. Due to the known dispersal behavior of polygyne and species, I expect distance to 
the nearest colony neighbor (NCN) to be significantly shorter than nearest non-colony neighbor 
(NNCN). Furthermore, I expect distance to NNCN and mound diameter to be proportional to 
colony size. 
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METHODS 
 

Percent cover, habitat type (grassland versus forest) and mound diameter at its greatest 
width were recorded for seventeen active F. obscuripes mounds at various locations throughout 
the Edwin S. George Reserve, Livingston County, Michigan (Fig. 1). Arena assays were used to 
determine if mounds were members of a single or separate colony. Individual ants were collected 
from separate mounds and placed in a neutral arena (Petri dish). After two minutes of interaction, 
overall behavior of the interaction was classified (0 = tolerance/avoid and 1 = fight) and used to 
determine whether assayed individuals were members of the same or separate colonies. Beye et 
al. (1997) used genetic fingerprints in F. polyctena to determine the “genetic gestalt” of various 
colonies and found a strong positive correlation between genetic gestalt distance and levels of 
aggression. Less related colonies showed more aggression to each other during arena assays than 
more related colonies. Thus, it was assumed here that individuals who fought were from separate 
colonies and individuals who either tolerated or avoided each other were from the same colony. 
Thatch samples were also collected from each mound and mounds were classified according to 
“thatch type”: >10% sand and <10% sand.  

After all field data were collected, the GIS software ArcGIS 9.2 was used to find the 
distance between nearest colony neighbor (NCN) and nearest non-colony neighbor (NNCN). It 
should be noted that colony size was determined as a function of the number of mounds in a 
given colony as determined through arena assays. 
 
 
Fig. 1. Location of F. obscuripes mounds sampled within the E.S. George Reserve.  
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RESULTS 
 

 Mounds belonging to large colonies were found in the forest significantly more often 
than in grassland (p=.029, two sample t-Test assuming equal variance). Additionally, distance to 
NNCN was found to have a significant positive correlation with colony size (p=.030, Fig. 2) and 
although there was a positive correlation between NNCN and mound diameter, this relationship 
was found to be statistically insignificant (p=.309, Fig. 3). On average, the distance to the NCN 
was significantly less than the average distance to the NNCN (p=.034, Fig. 4) and a significant 
positive correlation was also found between colony size and mound diameter (p=.012, Fig. 5). 
Finally, thatch samples collected from mounds in the forest had significantly more plant material 
(twigs, needles, seeds, etc) in them than those collected in the open grassland habitat (p=.04, X2 
test, Fig.6).  
 
 
 
Fig. 2. Pearson correlation between distance to NNCN and colony size (n=14). 
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Fig. 3. Pearson correlation between distance to NNCN (m) and mound diameter (cm) (n=14). 
 

 
Fig. 4. Mean distance to nearest non-colony neighbor (NNCN) and nearest colony neighbor (NCN) (n=17, p=.034).  
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Fig. 5. Pearson correlation between mound diameter and colony size (n=17). 

 
Fig. 6. Thatch classification according to habitat type (n=17, p=.040). 

 
DISCUSSION 
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Large colonies were found in forests significantly more often than in grasslands, 
suggesting that habitat stability plays an important role in a colonies ability to expand and grow. 
When considering ecological stability, forests are considerably more stable than grasslands. For 
example, grassland vegetation can aptly be characterized as ephemeral due to the strong seasonal 
nature of structural biomass fluctuations in these habitats (Falge et al. 2002). This in turn, causes 
grassland soils and the mounds created in these habitats to be far more susceptible to wind and 
water erosion. Moreover, because the maximum height of grassland vegetation is much lower 
than that of forests, mounds in these habitats are yet more vulnerable to various types of erosion 
and climatic fluctuations, specifically temperature.  

Distance to NNCN showed a significant positive correlation with colony size. In other 
words, large colonies have more distance between themselves and their competitors than smaller 
colonies. Cushman et al. (1988) and Mabelis (1979) found that larger F. altipetens and F. 
polyctena colonies, respectively, have larger territories and are more aggressive toward 
intraspecific competitors. Due to their size, larger colonies will require more resources and thus, 
should be expected to have larger territories. Additionally, a significant positive correlation 
between colony size and mound diameter was found further suggesting that larger colonies have 
a competitive advantage of smaller ones.  

Finally, the average distance between NCN was significantly shorter than the average 
distance between NNCN. As previously mentioned, F. obscuripes is a short distance disperser 
and as a result intra-colony mounds should, on average, exhibit shorter distances than that of 
intraspecific competitors. It has also been suggested that short intra-nest distance between colony 
members improves the efficiency of resource distribution within the colony (Holway and Case 
2000).  
 
Fig. 7. Positive feedback loop favoring the formation and protracted existence of large F. obscuripes colonies in 
forest habitats.  
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In total, these results appear to suggest the evolutionary formation of a positive feedback 

loop favoring the existence of larger colonies in more stable forest habitats (Fig. 7). Although the 
mass specific heat production of an individual ant is greater than that of the nest materials via 
aerobic metabolism, heat production of nest materials has been shown to be approximately seven 
times greater than that created by the ants themselves due to sheer mass (Dieter et al. 1980). As a 
result, those colonies that do not have a sufficient worker population to collect the necessary 
resources to maintain a critical temperature during colder seasons may be subject to extirpation. 
However, those colonies that are not completely extirpated will likely lose a significant portion 
of the colony and as a result will be at a competitive disadvantage when local temperatures 
increase and resource competition resumes. Additionally, because colony heat production is 
dependent on microbial activity that takes place during the decomposition of mound materials 
(aerobic respiration), forest dwelling colonies will have the advantage of being closer to 
resources which often hold green biomass throughout the year (e.g. juniper, cedar, etc.). This 
becomes increasingly important when one considers that larger colonies appear to prefer forest 
habitats and that forest mounds appear to be comprised of significantly more plant based 
materials than those located in grasslands or fields. 
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HABITAT PREFERENCE BY PEROMYSCUS LEUCOPUS IN THE E.S. GEORGE RESERVE 
 

ALEXA UNRUH, AARON IVERSON, DANIEL POON, ELIZABETH HOOD, JOHN 
BERINI, KELVIN HAN, JES SKILLMAN 

 
ABSTRACT 

 
One of the most abundant species of rodent in eastern and central North America, 
Peromyscus leucopus, the white-footed mouse, is most often found in deciduous 
woodlands.  However, P. leucopus is often found in old agricultural fields in 
succession despite this not being their prime habitat.  Dispersal from maternal 
nests in early fall may displace younger individuals.  51 P. leucopus were caught 
in two habitats, oak-hickory dominated forest and an old field in the E.S. George 
Reserve on 4 October 2009.  More males than females were caught and a larger 
number of non-reproductive individuals were caught than those in a reproductive 
condition, likely due to October being after the end of the breeding season.  
Females in the forest weighed more than those in the field, whereas the opposite 
was true for males, which may be attributed to lower reproductive pressure in the 
field which allows energy to be expended for somatic growth.  Scrotal males were 
marginally significantly larger in the field than in the forest, perhaps explained by 
current food source availability in the old field.  Significantly fewer adults were 
captured in the field than in the forest, supporting the idea that dispersal from 
nests may explain the presence of P. leucopus in fields.  

 
INTRODUCTION 

 
Small-mammal studies have been performed in the E.S. George Reserve over the past 

decade to monitor fluctuations in species composition and abundance (see Journal of Field 
Ecology 1998-00, 2006-08). Captured species include the short-tailed shrew (Blarina 
brevicauda), bog lemming (Synaptomys cooperi), eastern chipmunk (Tamias striatus), short-
tailed weasel (Mustela frenata), meadow vole (Microtus pennsylvanicus) and most abundantly, 
the white-footed mouse (Peromyscus leucopus). P. leucopus is distributed throughout eastern 
and central North America and is one of the most abundant residents of deciduous woodlands in 
their range (Kurta 1995).  P. leucopus generally have two breeding time throughout the year, one 
early in the spring and the second in late summer (Lackey 1985).  In the later part of the year the 
juveniles and subadults will often disperse into grassy open areas, though the adults tend to avoid 
these areas (Hamilton and Whitaker 1979). P. leucopus is generally a nocturnal species except 
for some cold winter days (Kurta 1995).   

P. leucopus, along with many other mammal species are known hosts of botfly larvae, or 
warbles of the genus Cuterebra.  Females deposit eggs along small mammal trackways or near 
burrow entrances where the eggs hatch following a temperature change due to the presence of a 
small mammal, or potential host.  The newly hatched larvae enter their host through a natural 
opening such as the mouth or nose (Catts 1982).  It has been shown that botfly infested 
individuals are more likely to be resident individuals in a given area than are unaffected 
individuals (Jaffe et al. 2005). 
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The population of P. leucopus has been seen to fluctuate considerably from year to year 
in the E.S. George Reserve. This variation has been observed in other parts of Michigan and may 
follow typical predator-prey interaction cycles or climatic variations (Myers, pers. comm.). Due 
to variations in sampling location and available data, it is difficult to draw conclusions about the 
E.S. George Reserve populations based on previous study.  This research surveyed the overall 
abundance of P. leucopus and their corresponding abundance in two separate habitats, oak-
hickory forest and old field. Metrics including an individual’s relative age, weight, sex and 
reproductive status were also recorded. It was hypothesized that the forest habitat would have the 
greatest abundance of P. leucopus, given the habitat preference exhibited in adults. 
Consequently, it was also hypothesized that the forest habitat would have a higher relative 
proportion of adults compared to the old field habitat due to dispersal of late summer litters.  
Furthermore, because of age structure and greater abundance of prime resources, P. leucopus in 
the forest were hypothesized to be of greater mass than individuals in the field habitat.  
 

METHODS 
 

Study Sites 
 
 Within the E.S. George Reserve, two habitat types were used in a trapping effort to 
collect data on P. leucopus.  Transects were set in the old field, as well as in the oak-hickory 
dominated forest to the south of the Hill and Dale house. 
 

Trapping effort 
 
 Trapping took place from 3 October 2009 to 4 October 2009.  During this time a total of 
five transects each with 50 Sherman live traps and one transect with 30 Sherman traps were laid 
for a total of 280 trap nights.  Both small (5.4 x 6.3 cm x 16.5 cm) and large (8 x 9 x 23.5 cm) 
Sherman traps were used with totals of 230 large and 50 small traps. We used 80 traps for two 
transects in the old field and 200 traps for 4 transects in the forest habitat.  

Traps were baited with whole oats and placed 5 to 7 meters apart on transects that were 
approximately 15 to 30 meters apart. In the field, traps were set along natural trackways 
wherever possible and in the forest along logs which are generally used by P. leucopus during 
foraging. Traps were set in the afternoon and checked in the morning.  Species name, age 
category based on pelage, reproductive condition, ear measurements and weight were collected 
for each individual captured. Age categories for P. leucopus used were juvenile where pelage 
was grey, subadult where grey fur dominated with some brown fur, and adult where individuals 
were completely brown dorsally.  Reproductive condition for males was noted as either scrotal or 
abdominal, depending on the location of their testes.  For females, the categories NTNL (nipples 
tiny, non-lactating) and NENL (nipples enlarged, non-lactating) were used.  Additionally, we 
recorded infestation of botfly larvae.   
 

RESULTS 
 

 During the trapping session, 51 P. leucopus individuals were caught.  Three other small 
mammal species were caught as well, including T. striatus (three individuals), B. brevicauda 
(one individual) and M. pennsylvanicus (two individuals).  Of the trapped P. leucopus, 16 were 
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caught in the old field and 35 in the forest.  In both habitats, there were more males than females 
(Fig. 1).  Further trends were noted across both habitats in reproductive condition of captured 
mice (Fig. 2). 
 To determine whether difference in size of P. leucopus varied across the habitat types, 
males and females were grouped separately by location in which they were trapped.   By mass, 
males in the field were larger than in the forest whereas the opposite was found for females (Fig. 
3).  To further explain male size, mass was examined for both reproductive categories by habitat 
(Fig. 4).  Both scrotal and abdominal males tended to be larger in the field than in the forest.  A 
two-sample T-test was performed and showed the size discrepancy across habitat type to be 
marginally significant (p=0.09). 
 
Fig. 1. Sex of P. leucopus caught in both habitats.  Fig. 2. Reproductive condition by habitat  

 
  
Fig. 3. Average mass of P. leucopus by sex and habitat Fig.. 4. Average mass of males by reproductive 

condition and habitat 
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 Age categories by habitat were also considered to determine whether younger individuals 
are more prevalent in either habitat due to dispersal (Fig. 5).  Equal numbers of juveniles were 
caught in both habitats (four), whereas more subadults and adults were trapped in the forest than 
in the field.  A chi square test was performed and found this distribution by age class to be 
marginally significant (p=0.055). 

Of the 51 P. leucopus captured, seven showed clear signs of currently acting as botfly 
hosts.  Two scrotal males from the field were captured with botfly warbles.  In the forest, one 
non-lactating female with enlarged nipples and four abdominal males were found with a botfly 
warbles.  Of the forest males, two were adults and two were juveniles. 
Fig. 5. Number of individuals per age category in each habitat. 

 
  

 
DISCUSSION 

 
Sampling Efficiency 

 
 Significantly more P. leucopus were trapped in the forest, where 35 individuals were 
caught, than in the field, where we caught 16 individuals. This result is not unusual because the 
forest is their preferred habitat (Kurta 1995, Myers pers. comm.).  However, the capture rates 
(captures per trap night) for the field and forest were 25% and 17% respectively.  Only 80 traps 
were set in the field while 200 were set in the forest.  It should also be noted that a survey of 
forbs was performed the week before our study. This resulted in the old field being highly 
trampled and M. pennsylvanicus and P. leucopus trackways were difficult to discern (pers. obs.). 
The low number of trap nights and trampling likely had a negative effect on the sampling 
efficiency in the old field.   

 
Male and female reproductive conditions 

     
Of the P. leucopus trapped, 32 were male and 19 female.  A trend exists in that both 

habitats had a larger number of males than females, which may result from the costs of bearing 
offspring.  Similarly, reproductive condition was examined.   Of all mice captured, abdominal 
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males were the largest category and NENL was the smallest category.  Our study was done in 
October, when mice have finished reproducing for the season, thus fewer reproductive 
individuals would be expected.  Adult females with enlarged nipples likely had later litters than 
those adult females with tiny nipples who may not have had litters in the late summer.  The 
absence of lactating females is evidence that the late summer litters have all dispersed from the 
maternal nests.  No reproductive advantage exists in October for males to continue to be scrotal, 
as females will not be reproducing. 

 
 

Mass of females and males 
 

     In general, females in the forest were larger compared to females in the field, but males in 
the forest were smaller than males in the field.  Larger females in the forest may be a result of 
better habitat conditions, as forest is the preferred habitat of the species (Kurta 1995).   Larger 
males in the field may result from decreased reproductive pressure.  The ratio of scrotal to 
abdominal males is higher in the field (0.667) than in the forest (0.571), suggesting that, 
proportionally, there are more non-reproductive males in the field.  A marginally significant 
difference in size by reproductive state by habitat was found (p=0.09), showing that scrotal males 
in the field are larger than those in the forest.  Field males may be larger because they are not 
under as much reproductive pressure as their counterparts in the forest, allowing them to put 
more energy into somatic growth.   

 
Age by habitat 

 
     The field had significantly fewer adults compared to the forest (p=0.055), which supports 
the hypothesis that juveniles are more readily using less desired habitats than are adults.  
Dispersal of young mice occurs after females have each litter, with a greater pressure to disperse 
later in the season after the second reproductive cycle. The territorial behaviour of P. leucopus 
combined with potentially limiting resources causes adults to drive younger mice out of their 
territory. As a result, juveniles move from territory to territory in the forest, and many eventually 
settle in the field.  The proportion of juveniles and subadults in the field now is relatively large 
and their heftier weights would suggest that food sources are abundant.  Overwintering rates 
would be a good future test to determine whether P. leucopus are able to sustain in the less 
desired habitats where they are abundant in October. 

 
Botfly infections 

 
      Although the sample size was too small for a comparative test, the majority of botflies 
were found in non-reproductive, abdominal males in the forest (4 of 7 individuals). If this is 
indeed a significant result, then one hypothesis to explain it is that abdominal males with botflies 
may not be driven out of forest territories because they are not seen as a direct threat to other 
reproductive males.  Females with botfly infestations are often successfully reproductive, 
whereas many males are afflicted by warbles in the lower abdomen, which prevents their testes 
from descending into the scrotum.  Often males with botfly infestations will become resident 
mice in an area as they are not pressured to seek females for reproduction (Jaffe et al. 2005).  
This finding may apply to the E.S. George Reserve populations, where botfly infested males are 

148



not as readily driven from the prime forest habitat.  A larger scale follow-up study could help 
elucidate this potential interaction. 
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EXOGENOUS FACTORS INFLUENCING CHIPMUNK (TAMIAS STRIATUS) BURROW 
DISTRIBUTION 

EVAN CHILDRESS, MAIRIN BALISI, THERESA ONG, MEGAN BANKA, SEMOYA 
PHILLIPS, AMANDA GRIMM, YI HOU, CATHERINE BADGLEY 

 

ABSTRACT 

Tamias striatus constructs burrows for food storage and protection from 
predators.  This study examines how environmental factors influence the 
distribution and density of burrows using transect counts across environmental 
gradients.  Burrow density was influenced by the interaction between canopy 
cover and the number of food types present.   Canopy cover and food diversity 
may influence burrow density directly by offering protection from avian predators 
and a high quality food resource, respectively, may simply be correlated with true 
habitat preferences.  For example, Tamias striatus is known to prefer logs as 
burrow sites, and canopy cover may be related to the prevalence of logs.  Further 
research is needed to investigate the potential for interaction between endogenous 
and exogenous factors governing burrow density and to investigate exogenous 
factors excluded from this study.   

 

 

INTRODUCTION 

The eastern chipmunk (Tamias striatus) is a forest mammal with a range that extends throughout 
eastern North America. Tamias striatus guard small home-ranges and live in shallow burrows 
that protect them from potential predators and house their food, especially during the winter 
when these items are not abundant.  This common mammal plays important roles in ecosystem 
function as a prey item for carnivores, a seed and mycorrhizal fungi disperser, and soil aerator 
(Allen, 1987).   

Tamias striatus is considered to be a forest specialist and, as such, may be more constrained by 
habitat than more flexible or mobile species. Though forest mammals may have overlapping 
habitats, each species may have distinct ecological requirements.  As such, knowledge regarding 
what factors are ecological necessities for different species proves invaluable for census 
information and conservation purposes (Schmid-Holmes and Drickamer, 2000).   

Habitat loss and fragmentation are frequently cited as main threats to terrestrial biodiversity 
(Harris, 1984).  As anthropogenic change impacts habitats, it becomes essential to elucidate 
specific habitat characteristics that predict organism abundance.  Numerous studies have begun 
to consider the effect of patch characteristics and microhabitats on populations including patch 
size and isolation, microclimate, cover, and vegetation characteristics (Schmid-Holmes, 
Drickamer, 2000).   
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While some information about T. striatus habitat preferences exists, microhabitat analysis of this 
species is wanting (Henderson, 1985).  As such, we sought to investigate whether specific habitat 
characteristics predict T. striatus burrow locations.  To do so, we explored the relationships 
between habitat characteristics and burrow locations on the E.S. George Reserve in Livingston 
County, Michigan.   

 

METHODS 

Burrow surveys were conducted on the west facing slope of a glacial kettle in the northern part 
of the E.S. George Reserve.  The kettle is effectively bisected by a saddle, with visibly different 
vegetation on each side.  Two 4m wide transects were established, one on either side of the 
saddle.  Transect ‘A’ ran from the top to the bottom of the kettle through relatively closed-
canopy oak-hickory forest with significant Japanese barberry (Berberis thunbergii) cover near 
the bottom.  Transect ‘A’ was 50 meters long.  Transect ‘B’ ran from the top to the bottom of the 
kettle on the opposite side of the saddle, where the forest was more open with a shrub layer 
dominated by autumn olive (Eleaganus umbellata) rather than Japanese barberry.  Transect ‘B’ 
represented approximately the same elevation change as Transect ‘A’, but was 70 meters long 
due to a more gradual slope.  Total elevation change for both transects was 35m.  Start and end 
points of transects were identified on a topographical map and subsequently the elevation and 
slope were derived from changes on the map.  These calculations were compared with field notes 
on changes in slope to confirm accuracy.   

Each transect was divided into 10 meter long sections.  A search for burrows was conducted 
across the full area (10m x 4m) of each section.  Burrows were classified by diameter: under 
2cm, 2-5cm, or 5-10cm.  No burrows with a diameter of greater than 10cm were discovered. 

In addition to the large-scale burrow search, two 1x1m plots were established in each section for 
the purpose of intensive searching.  All leaf litter was removed from these intensive plots in 
order to locate all burrows.  In addition to burrows, percent canopy cover, percent shrub cover, 
and presence of food items (small animals, fungi, hickory nuts, acorns, and barberry) were 
recorded for all plots.  A food diversity index was calculated by attributing “1” for each food 
item present and summing across food categories.  Percent canopy covered was estimated by 
taking the average of 13 densiometer readings each 1m apart for each site.  Percent shrub cover 
was made with a visual estimate in the 1x1m plot.  A soil corer was used to measure the depth of 
the A horizon adjacent to each pair of intensive plots.  A horizons are generally dark in color due 
to the accumulation of humus, and in our study area a B horizon characterized by redder soil 
containing more clay lay just below the A horizon making visual distinction between the two 
relatively easy.  The depth of the color change was measured with a meter tape.   

RESULTS 

The overall density of burrows was .15burrows/m2 or 1 burrow in every 6.5m2.  Histogram of 
number of burrows found every 10m revealed a Poisson-like distribution, with high frequencies 
of low numbers (Figure 1). 
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Most variables measured showed no relationship with burrow density, however canopy cover 
and food diversity appeared to have some predictive ability (Table 1).  Ten general linear models 
specifying Poisson distributions were created to predict number of burrows using the three 
variables with the highest R-squared values: food diversity, canopy cover, and slope.  Model 8, 
which predicts that burrow frequency depends on percent cover, food diversity and the 
interaction between these two variables had the lowest AIC value of 40.7814 (Table 2). 

 

Table 1.  The R-squared values for linear regressions  
between the variables measured and burrow density. 

Variable R-squared 
Slope 0.0285 
Elevation 0.0181 
Depth of A horizon 0.00005 
Canopy cover 0.4473 
Shrub cover 0.0181 
Food diversity 0.4717 
  

 

 

 

Figure 1. Histogram of the number of burrows in a 10m section of transect. 

approximates Poisson distribution 
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ANOVA of model 8 revealed a near significant (p= 0.059) effect of the interaction between 
percent cover and food diversity on burrow frequency (Table 3). 

 

 

Table 2. Model selection with AICs;  Null model=c0, Best model=c8 

Table 3. ANOVA of model 8; near significant effect of percent cover, food diversity interaction 
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DISCUSSION 

There are intuitive causal explanations for the relationship between both canopy cover and food 
diversity and burrow density: canopy cover could offer T. striatus protection from accipiters and 
other avian predators by reducing visibility from the sky, food diversity could increase the range 
of nutrients derived from food or it could offer assurance of food availability when one food type 
was scarce.  Canopy cover is likely relatively constant when leaves are on and T. striatus spend 
most of the time when there are no leaves in torpor; however, food diversity is likely to change 
dramatically throughout the course of the seasons and data collected on a single date may not 
capture the full picture.  Fall is likely a time when food is particularly important given that 
individuals must both develop energy stores in their body and food stores in their burrows to 
ensure winter survival and acorn density is known to be related to habitat use, but more research 
on the seasonal patterns of food availability would be elucidating.   

These intuitive explanations for the relationship between canopy cover, food diversity, and 
burrow density are reasonable, but other, correlative explanations are equally plausible.  For 
example, Kurta (1995) found that T. striatus prefers to construct its burrows under tree roots and 
fallen logs, which is consistent with our field observations, and the availability of these attractive 
building sites is likely correlated with canopy cover.  Additionally, acorn density in the fall, 
which is related to habitat use in T. striatus, is likely correlated with canopy cover above these 
transects because the forest is dominated by oaks (Quercus veluntina).     

Figure 2. Habitat dependence; high burrow frequency in areas 
with high (>70%) percent cover and high ( ≥ 3 food types) 
food diversity. 
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In addition to the exogenous factors examined in this study, endogenous pattern formation could 
help to form the burrow landscape.  Tamias striatus defend small territories, which would 
hypothetically create equally spaced burrows in a homogeneous landscape.  The finding that the 
burrows roughly follow a Poisson distribution does not align with this prediction.  There are at 
least two possible explanations for this.  First, endogenous and exogenous factors may interact to 
produce high and low density areas.  Higher resource availability and protection proffered by 
particular habitat may reduce territory size.  However, to explain the observed pattern, resource 
availability would have to affect burrow density non-linearly.  For example there could be some 
threshold above which resource level makes territory defense unnecessary or disadvantageous.  
Second, the large numbers of burrows identified in a few plots may have been multiple entrances 
to a single burrow.  Excavation and probing of burrows was used to determine whether separate 
entrances were connected.  Three burrows with multiple entrances were observed in the second 
transect whereas none were observed in the first, which could be explained by habitat differences 
or a shift in the observation efficiency of connectedness. 

Additional research is needed that investigates the potential for endogenous pattern formation 
and the relationship between habitat characteristics and territoriality.  Collecting data in wider 
transects may capture more information on the spacing of burrows.  Future studies should record 
data on the prevalence of fallen logs and exposed roots suitable for burrowing.   
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THE LEAF MINER PARADOX 
A TRADEOFF BETWEEN PARENTAL PREFERENCES AND LARVAL SUCCESS 

 
THERESA WEI YING ONG, COLIN DONIHUE, HSUNYI HSIEH, SERGE FARINAS, 
ELIZABETH HOOD, JESS SKILLMAN, JANE REMFERT, AND IVETTE PERFECTO 

 
Abstract.  We tested the effects of light gradients on the patterns and frequencies 
of oviposition in leaf miners, a serious agricultural pest (Liromyza brassicae and 
Phyllonorycter elmaella). We found that although L. brassicae were more 
numerous in open habitats, mines produced there were less successful (shorter in 
length) than those in shaded forests. We propose that high density of mines in 
open areas attract similarly high numbers of parasitoids, limiting miner success.  
Low frequencies of miners in forest habitats provide protection through obscurity. 
This, combined with possibly improved plant quality from high forest light levels 
-may represent an optimum environment for miner larvae. In contrast, no habitat 
preferences were found for P. elmaella, evidence of a more generalist strategy of 
parasitism. Both species avoided exposed, terminal leaflets and the hard tissue of 
leaflet veins when ovipositing. Our study suggests that increasing shade in crop 
plantations may effectively limit miner populations. 

 
INTRODUCTION 

 
Leaf-mining moths and flies are a serious agricultural pest affecting crops on every 

continent except Antarctica (Bjorksten et al., 2005). Due to their prevalence and economic 
impact, leaf miners have received a great deal of scientific attention within the last 25 years. This 
study investigated the incidence of two leaf mining species in Michigan on Hickory (Carya spp.) 
saplings. 
 Liriomyza brassicae is a leaf mining dipteran (fly) first described by Beri (1974). It is a 
generalist polyphagous species that has been expanding its range internationally within the last 
three decades (Bjorksten et al., 2005). Its life history is fairly typical of leaf mining species: an 
adult will oviposit on a host leaf, after about 3 days the larvae will hatch and enter the mesophyll 
of the host leaf. The larvae will then eat the mesophyllic tissue leaving a distinctive trail behind 
it. After about a week of eating the larvae will exit the leaf and fall to the ground where they will 
pupate and, after another two weeks emerge as adult flies (Beri, 1974). Phyllonorycter elmaella, 
(lepidoptera) the other leaf mining species in our study, has a very similar life history strategy to 
L. brassicae and both fall prey to parasitoid wasps such as those in the genus Pnigalio (Bernardo 
et al., 2006). 
 A previous study showed that adult montane butterflies (Euphydryas gillettii) prefer high, 
well-lit leaves to oviposit in.  The eggs of these butterflies are also known to hatch faster on 
warmer leaves, suggesting a fitness advantage for larvae conferred through parental choices in 
oviposition (Williams, 1981). 
 Our study investigated similar questions in adult leaf miners: whether they preferred open 
or shaded habitats to oviposit in, if there were any patterns between sampling height, leaf type 
and oviposition site, and whether these parental choices in oviposition sites reflected any patterns 
in larval success.  
 We predicted both an increase in mine density and length for open, well-lit habitats and 
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terminal leaflets that face the sun. 
 

METHODS 
 

Four 5m×5m plots were set up in an open area that was recently cleared to put up power 
lines in the E. S Georges Reserve in Livingston County, MI on September 26, 2009.  These plots 
were paired with four additional plots in an adjacent shaded, forested area.  Within each plot, we 
measured the height of every hickory sapling (Carya spp.), recorded the presence/absence of 
mines, determined miner species (P. elmaella or L. brassicae), measured the length of mines, 
leaflet where mine was found (terminal, lateral or basal), and where on the leaflet oviposition 
occurred (edge, middle or vein). Oviposition site was determined as the thinnest end of the mine, 
where the larva was smallest. Any fleshy plant material that was neither at the edge or vein of the 
leaflet was considered “middle.” P. elmaella was identified by their characteristically “fat” mines 
(Figure 1), whereas a “skinny”, thinner mine (Figure 2) was considered indicative of L. 
brassicae.  
 

Figure 1. L. Brassicae “Skinny” mine                                      Figure 2. P. elmaella “Fat” mine 
  
 
 
 
 
 
 
 
 
We determined canopy coverage for each plot using a densiometer. Thirteen readings 

(“covered” or “not covered”) were taken along and within each plot (4 corners, 4 points at the 
middle in between two corners, plot center, and two points in between corners and the center). 
We divided the number of readings described as “covered” by 13 to get percent canopy coverage 
per plot. Data was analyzed in R using ANOVAs, chi-squares, and student t-tests. 
 

RESULTS 
 

L.brassicae 
 

 ANOVA (Table 1) of a general linear model predicting the presence of  L. brassicae 
specifying a binomial distribution showed that type of habitat significantly (z= -7.373, p= 1.67 e-
13) impacted the presence of L. brassicae, with twice as many found in open than were found in 
shaded, forest habitats (Figure 3).  
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Interestingly, the length of L. brassicae mines in open habitats were about a fourth shorter (t=  
-3.3555, p=0.001453) than those in shaded habitats (Figure 4). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The interaction between habitat and plot significantly impacted length of L. brassicae mines; the 
longest mines found in plots 2 and 4 of the shaded, forest habitats (Figure 5, Table 2) 
 
 

Figure 3.  Increased number of L. brassicae mines found in open habitats 

Figure 4.  Shorter L. brassicae  mines in open habitats, longer mines in 
shaded habitats 
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Of all forest plots, 2 and 4 had the most amount of light (Figure 6). 
 

Figure 5. Length of L. brassicae dependent on both habitat type and plot; 
longest  L. brassicae  mines in forest habitats, plots 2 and 4 

Figure 6.  Light levels by plot, of all forest plots, 2 and 4 had the highest light levels 

160



There was no difference in hickory sapling density by habitat (t= 0.162, p= 0.8797) or plot 
(Figures 7, 8). 
 

P. elmaella 
 

 The mean number of P. elmaella larvae (Figure 9) did not vary across habitats 
(p=0.9655).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 7.  No difference in Sapling Density by Habitat              Figure 8.  No difference in Sapling Density by Plot 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 9.  Presence of P. elmaella, no habitat preferences 
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Leaf Position 
 

  
Chi-square analysis of oviposition site choice (edge, middle, or vein of leaflets) showed 

no differences in preferences between P. elmaella and L. brassicae (p=0.649).  However, both 
species were less likely to oviposit along the veins of hickory leaflets (Figure 10).  These 
preferences did not vary across habitats (Figure 11). 

 

 
 

DISCUSSION 
 

L.brassicae 
 

 The greatest numbers of L. brassicae were found in open habitats, suggesting that adult 
flies oviposit most often in areas with high light levels. The diurnal nature of many flies 
(Pesquero et al., 1996) may contribute to this preference, since host plants in well lit areas are 
probably easier for flies to find.  However, despite this potential preference for open habitats, 
mines found in these areas were on average shorter than those found in shaded, forest habitats.  
This paradox suggests a tradeoff between adult preferences and offspring success.   
 The primary threats to leaf miner larvae are parasitoid predators who use the larvae as 
incubators and food sources for their own progeny.  Wasps in the genus Pnigalio are generalist 
parasitoids, which attack several species of leaf miners, including the two in our study. They 
typically use their ovipositor to paralyze miner larvae and then lay eggs either on or next to the 
larvae. These reproductive efforts nearly always result in the death of the leaf miner (Bernardo et 
al., 2006).  We hypothesize that increased concentrations of these wasps may explain decreased 
mine lengths. 
 The resource concentration hypothesis, as explained by Ricklefs and Miller (1999) states 
that host plants in diverse communities are harder for herbivores to find whereas homogenous 

Figure 10.  Species by species oviposition,                                                 Figure 11.  Oviposition sites by habitat. 
less oviposition along vein                                                                           No difference between habitats, 1=open, 2=shade 
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communities are much easier to find.  This hypothesis suggests that not only herbivores but also 
the enemies of these herbivores will concentrate in these areas. This then implies a crucial 
tradeoff on the part of the ovipositing adult: whether to expend more energy finding hosts in 
diverse communities and thus in turn lessen the risk of predation or to expend more effort laying 
eggs in relatively homogenous communities and attempt to avoid predation through high 
reproductive effort.  
 We cannot determine the heterogeneity of our two habitats since we found no among 
habitat differences in sapling density and no data was collected on species diversity, but 
according to preliminary field observations, plant communities in open areas appeared more 
homogeneous than in the forest.  Assuming our observations are valid, the large homogeneous 
patches of hickory saplings in open areas may have attracted a larger number of ovipositing adult 
flies, accounting for the observed increase in mine numbers.  Parasitic wasps that attack the 
larvae of L. brassicae are also more likely to concentrate in these areas, providing an explanation 
for the decreased length of mines found there.  However, there is some evidence that 
heterogeneous habitats attract large numbers of generalist enemies (Sheehan, 1986), which 
should negatively impact larval success. However, the small number of mines found in forest 
habitats may offset this problem (Russell, 1989), which by the theory of resource concentration, 
may provide safety from parasitoids since they are less likely to find miners in low density 
patches.   
 The longest mines were found in forest plots with the most amount of light, which 
suggests that a combination of increased plant quality from high light levels and the safety of a 
forest habitat maximize mine lengths.   
 However, mine length is not necessarily the best proxy for larval success.  Larvae fed on 
high quality plant material may not need as much food in order to pupate. Given this theory,  
high light levels could also explain the shortened mines of open habitats. Larval success is 
difficult to determine considering the ambiguity of uninhabited mines.  Larval fate: predation, 
parasitism, or successful emergence is often unclear.  Mine length remains our most objective 
measure of success, and is likely to correlate with larval size, food ingestion rates and fitness.  
  

P. elmaella 
 

P. Elmaella appears to have no habitat preferences, suggesting a generalist strategy of 
parasitism. These moth larvae are known to infect apple orchards (Barret and Jorgensen 1986, 
Barret and Brunner 1990) and also cherry and pear trees (Hollingsworth 2009). This ability to 
cross plant genera and families may explain their wide distribution across North America. 

 
Leaf Position 

 
 Basal and lateral leaflets were naturally less exposed than terminal leaflets, which may 
explain why adult flies and moths avoided ovipositing there, despite decreased exposure to light. 
Concealed leaflets may provide safety from parasatoids for larvae. We did not find any 
differences in leaflet preferences between habitats, which lead us to believe that leaflet 
preference is independent of habitat.  Adults could in theory always prefer less obvious leaflets 
to oviposit in, regardless of habitat. Further studies looking at the success of miners on different 
leaflets may help confirm these hypotheses. 
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Oviposition 
 

The adults of both miner species tend to oviposit most frequently in soft plant tissues 
(edge and middle of leaflets). The veins of hickory leaflets are likely composed of a harder 
substrate, presenting a potential physical hindrance to ovipositing female adults.  

 
Implications 

 
 The dense monocultures of most crop plantations attract large numbers of  leaf miners.  
Growers have had considerable difficulty controlling leaf miner infestations. Because larvae are 
safely ensconced within the mesophyll of host leaves, pesticides cannot deter them. In fact, 
pesticides serve mostly to kill their parasitoid predators, further exacerbating outbreaks. Growers 
have begun using parasitoids as biological control agents for regulating leaf miner populations 
with some success (Bjorksten et al., 2005). 

Our paradoxical results (length of mines vs. density of L. brassicae) suggest that 
predation (top-down forces) and resource quality (bottom-up forces) are worth additional study. 
The fact that L. brassicae prefer open areas (homogeneous) to shaded (heterogeneous) implies 
that increasing shade and possibly environmental heterogeneity could reduce L. brassicae 
populations. We believe that large numbers of parasitoids are attracted to the high concentrations 
of mines in open areas, effectively limiting miner success.  Shade may provide an efficient, low 
cost, and eco-friendly way to limit miner populations without artificially introducing large 
numbers of invasive parasitoids. 
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DISTRIBUTION PATTERNS OF THE CYNIPID GALL-MAKER AMPHIBOLIPS COOKI ON 
OAK SEEDLINGS IN THREE HABITATS 

 

COLIN DONIHUE, EVAN CHILDRESS, MELISSA BRADY, DANIEL KATZ 

 

ABSTRACT: Oak trees (Quercus) have many highly specialized parasites, 
cynipid wasps, which oviposit in meristematic tissue and induce large woody 
growths known as galls. We studied the distribution of Amphibolips cooki galls in 
sapling and adult black oaks in three habitats at the ES George Reserve. We found 
significantly different galling rates among the three habitats and between adults 
and saplings in the edge habitat. These findings can inform a discussion of the 
resource concentration hypothesis and several other fundamental ecological 
theories likely dictating the interactions between these predators and their host. 

 

INTRODUCTION 

 Members of the Quercus (oak) genus are common throughout the world, and the genus is 
comprised of more than 400 species.   In the upper Mid West of the United States, Quercus 
velutina (black oak) dominates many forests, and comprises a significant percentage of basal 
area in the Big Woods at the E.S. George Reserve (located near Pickney, Michigan).  Given the 
high abundance of Quercus velutina, it is no surprise that many organisms specialize on it.  
Perhaps the most visually apparent specialists are gall wasps (Cynipidae), such as Amphibolips 
cooki.  These wasps oviposit in Quercus velutina, which induces gall formation, although the 
exact mechanisms are still debated.  The resulting gall forms a protective case and provides 
nutrients for the wasp larvae (often to the detriment of the host leaf (Katz, 2009)).   Although 
generally protected, other species of wasps (parasitoids) can parasitize the larvae.  Other species, 
known as hyper-parasitoids, can in turn prey upon these parasitoids. 

 Although Quercus velutina forms a major component of field and forest habitats at the 
E.S. George Reserve, individuals are patchy in distribution and highly variable in density both 
between and within habitats.  The resource concentration hypothesis (Root 1973) posits that 
specialist herbivores (such as gall wasps) will be more concentrated in areas where there are 
higher concentrations of resources (in this case oviposition sites on leaves).   However, it is also 
possible that higher concentrations of gall wasps would lead to higher concentrations of gall 
parasitoids.   

 Plant traits and qualities can also lead to different distributions of herbivores.  The plant 
vigor hypothesis (Price 1991) predicts that herbivores will fare best on “vigorous” plants, as they 
provide higher food quality.  This hypothesis could be especially relevant, as it was developed in 
gall systems (Cornelissen et al. 2008).  In contrast, according to the plant stress hypothesis 
(White 1984), plants that are under stress are particularly susceptible to herbivory, as they are 
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unable to devote as many resources to defenses.    Similar gall wasp- Quercus interactions have 
also been known to generate immunity in older Quercus individuals (Pires and Price 2000). 

 Gall distribution could be a result of all of the hypotheses described above, as well as 
many other variables.  If gall distribution is higher in habitats where there are more Quercus 
velutina individuals and therefore more potential oviposition sites, it could give us insight into 
the impact of the resource concentration hypothesis on this system.   In order to test this, we 
investigated whether there were higher concentrations of Amphibolips cooki galls across three 
different habitats: old fields, forest edges, and forest interiors.  Given our assumption that the age 
of a host is correlated with the amount of energy it has available for plant defenses, we also used 
this system to test whether the plant vigor or plant stress play a larger role.  To do this we 
checked whether there were higher concentrations of Amphibolips cooki galls on seedlings or 
mature trees. 

 

METHODS 

We collected our data on October 10th, 2009 in the University of Michigan’s E.S. George 
Reserve in Pinckney, Michigan. Our study site spanned a transitional area between the old field – 
a large patch dominated by Solidago spp. and Poa spp. and an Oak Maple deciduous forest. We 
sampled within the field, the forest, and along a very clear edge to achieve our habitat treatments.  

Two separate surveys were conducted, one to record galling in Black Oak saplings, the 
other to record galling in Black Oak adults. For the sapling survey made five meter square plots; 
four in the field, two along the edge and three in the forest. We examined each oak sapling 
within the plots and recorded the total number of leaves with and without an Amphibolips cooki 
gall present.   

 We used the same three areas to sample adult oak parasitism rates. Forty-six trees were 
chosen from the field, forty-five from the forest, and twenty-one from the edge.  Four random 
branches were chosen for each tree, and the twenty terminal leaves were sampled on each 
branch. We recorded the number of leaves with a gall present out of the twenty chosen.  

 To examine trends in A. cooki oviposition site preference among the three habitats, and 
between saplings and adults, we used t-tests to compare the percentage of galled leaves among 
the different conditions.  

 

RESULTS 

 There was a statistically significant difference in mean number of leaves per sapling in 
each habitat type (Field:Edge p=1.5e-4, Edge:Forest p= 2.7e-14, Field:Forest p=4.61e-5, See Figure 
1). When we compared the averages of the percent of leaves galled between adults and saplings, 
the only statistically significant difference was in the edge habitat (p=1.5e-4, See Figure 2). The 
saplings in the forest were significantly less galled than their counterparts in either the edge or 
the field (Forest:Field p=0.0197 and Forest:Edge p=0.02375, See figure 2) but we found a 
significant difference in average percentage galled between adults in all three habitats with the 
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edge adults being parasitized least frequently (Field:Edge p=1.39e-5, Field:Forest p=0.01865, 
Edge:Forest p=0.04899, See Figure 2). We also ran a regression between number of leaves in a 
plot and the average percent of leaves on a sapling that were galled. We found a marginal 
correlation with an R2 value of 0.451 (Figure 3). 

 

Figure 1: The average number of leaves on oak saplings in three different habitats. Leaves were counted 
on all black oak individuals in square five meter plots and then averaged. Standard error bars have been 
included. There was a significant difference in number of leaves between each of these habitats 
(Field:Edge p=1.5e-4, Edge:Forest p= 2.7e-14, Field:Forest p=4.61e-5). 

 

Figure 2: the average percent of leaves galled in saplings and adults in three different habitats. All the 
leaves of black oak individuals were counted within square five meter plots in all three habitat types and 
the average number of infected leaves was calculated. There was a statistically significant difference 
between sapling and adult galling rates in the edge habitat (p=1.5e-4). Forest saplings were significantly 
less galled than either edge or field saplings (Forest:Field p=0.0197 and Forest:Edge p=0.02375) and 
there was a significant difference in average percentage galled between adults in all three habitats 
(Field:Edge p=1.39e-5, Field:Forest p=0.01865, Edge:Forest p=0.04899). 
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Figure 3: a correlation regression between the average percent of galled leaves and the average number of 
leaves in a plot. Each point represents a sample plot. A weak correlation was found (R2 = 0.451). 

 

 

 

 

P=.098 
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DISCUSSION 

 Our results indicate higher galling rates in more open habitats, which is consistent with 
prior research that compared forest patches and city parks (Pike et al., 2006).  The three 
hypotheses mentioned above namely the resource concentration hypothesis (Root, 1973), the 
plant vigor hypothesis (Price, 1991), and the plant stress hypothesis (White, 1984) could drive 
this pattern of galling.  Additionally parasitoids of gall wasps could influence site selection.   

 The marginally significant relationship between the number of leaves and the percent 
each sapling was galled (R2=0.452, P=.09) indicates that gall inducing-wasps may prefer the 
field because it represents a higher density resource as predicted by the resource concentration 
hypothesis. 

 The larger number of leaves on each sapling could also be an indication of plant vigor, 
because more energy is required to produce more leaves but more leaves also represent higher 
energy capture.  Thus ovipositing females may select these more vigorous plants because they 
represent a high quality resource.   

 Alternatively some researchers have suggested that stressed plants are more susceptible 
to galling (e.g.  Dodson, 1987; White, 1984); although we did not collect data on the health of 
the trees examined, the higher galling incidence in the areas with larger saplings with more 
leaves is not consistent with this hypothesis.   

 So, wasps may select habitats based on the quality and quantity of leaf resources.  
However, drawing such a conclusion would ignore the potential for parasitoids to influence site 
selection.  Parasitoids have been observed to play a large role in the population dynamics of 
Cynipid gall wasps (Stone et al., 2002; Washburn and Cornell, 1981), which should drive 
selection for ovipositors that select sites less vulnerable to predation.  Further research on the 
distribution and success of parasitoids in different habitats would elucidate the potential for 
parasitoids to influence site selection.  While resource quality and availability and predation 
should both drive selection, there is likely a trade-off between the two since parasitoids often 
locate their prey by first locating the resource.   
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DISPERSAL PATTERNS AND LEAF-PREFERENCE OF THE CYNIPID GALL-MAKER 
AMPHIBOLIPS COOKI ON OAK SEEDLINGS IN THREE HABITATS 

COLIN DONIHUE 

 

ABSTRACT: The complex interplay between oak trees, their specialist gall 
makers and their predators, parasitoid wasps, forms an excellent study system for 
tri-trophic interactions. I studied oviposition site preference for Amphibolips cooki 
on oak seedlings in three habitats on the ES George Reserve to determine patterns 
in preferences for tree characteristics that may inform the resource concentration 
hypothesis and the plant vigor or plant stress hypotheses. I found that gall makers 
consistently prefer terminal leaves, high in trees in the field and edge habitats. I 
also found that there is a strong indication that these galls are self-organized.  

 

INTRODUCTION 

 Members of the Quercus (oak) genus are common throughout the world, and the genus is 
comprised of more than 400 species.   In the upper Mid West of the United States, Quercus 
velutina (black oak) dominates many forests, and comprises a significant percentage of basal 
area in the Big Woods at the E.S. George Reserve (located near Pickney, Michigan).  Given the 
high abundance of Quercus velutina, it is no surprise that many organisms specialize on it.  
Perhaps the most visually apparent specialists are gall wasps (Cynipidae), such as Amphibolips 
cooki.  These wasps oviposit in Quercus velutina, which induces gall formation, although the 
exact mechanisms are still debated.  The resulting gall forms a protective case and provides 
nutrients for the wasp larvae (often to the detriment of the host leaf (Katz, 2009)).   Although 
generally protected, other species of wasps (parasitoids) can parasitize the larvae.  Other species, 
known as hyper-parasitoids, can in turn prey upon these parasitoids. 

 Although Quercus velutina forms a major component of field and forest habitats at the 
E.S. George Reserve, individuals are patchy in distribution and highly variable in density both 
between and within habitats.  The resource concentration hypothesis (Root 1973) posits that 
specialist herbivores (such as gall wasps) will be more concentrated in areas where there are 
higher concentrations of resources (in this case oviposition sites on leaves).   However, it is also 
possible that higher concentrations of gall wasps would lead to higher concentrations of gall 
parasitoids.   

 Plant traits and qualities can also lead to different distributions of herbivores.  The plant 
vigor hypothesis (Price 1991) predicts that herbivores will fare best on “vigorous” plants, as they 
provide higher food quality.  This hypothesis could be especially relevant, as it was developed in 
gall systems (Cornelissen et al. 2008).  In contrast, according to the plant stress hypothesis 
(White 1984), plants that are under stress are particularly susceptible to herbivory, as they are 
unable to devote as many resources to defenses.    Similar gall wasp- Quercus interactions have 
also been known to generate immunity in older Quercus individuals (Pires and Price 2000). 
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 In order to get a sense for which of these hypotheses influencing gall distribution patterns 
are most applicable, I collected information about seedlings with a particular interest in finding 
trends in oviposition preference among and within trees in three different habitats. Specifically, 
my research questions were, does Amphibolips cooki show a consistent preference for any 
sapling characteristics, especially tree height, number of leaves or types of leaves, and do these 
oviposition sites display any attributes of self-organization. 

 

METHODS 

I collected my data on October 18th, 2009 in the University of Michigan’s E.S. George 
Reserve in Pinckney, Michigan. My study site spanned a transitional area between the old field – 
a large patch dominated by Solidago spp. and Poa spp. and an Oak Maple deciduous forest. I 
sampled within the field, the forest, and along a very clear edge to achieve my habitat treatments.  

 In each habitat type I conducted a wandering transect randomly selecting focal seedlings 
between 10 and 150 cm in height. For each of these seedlings I measured the total height of the 
tree and then recorded presence or absence of galls on each terminal and lateral leaf organized by 
branch. If the leaf had been galled, I counted the number of eggs that were oviposited (apparent 
from the number of gall nodes at the gall site) and the height of that leaf from the ground. In this 
way I sampled 1516 leaves on 40 trees in the field, 1278 leaves on 75 trees in the edge and 914 
leaves on 100 trees in the forest habitat. 

 

RESULTS 

 In describing the physical characteristics of the saplings in my study sites I found a clear 
trend for larger trees having both more branches and more leaves. Furthermore there was a 
consistent trend among the habitats for the field to have the most branches and leaves for all tree 
heights, followed by the edge habitat followed by the forest habitat. I also found a positive 
relationship between tree height, number of branches, number of leaves and galling rates for all 
habitats (Figure 1).  

 A. cooki prefers by a substantial margin to oviposit on terminal leaves as opposed to 
lateral leaves (Figure 2). This trend was maintained in all habitats but was by far most 
pronounced in the forest. The most common case was for a terminal leaf to be galled without a 
corresponding lateral galling event. In contrast it was extremely uncommon for a lateral leaf to 
be galled without the terminal leaf on that branch also being infected (Figure 3). There was also a 
clear distributional pattern across the height gradient of these seedlings with the majority of 
galling events taking place in the top forty percent of the seedling’s height (Figure 4).  

 There is a strong relationship in the frequency of different cluster sizes of egg masses at 
oviposition sites.  When the data was aggregated across all habitats and graphed on a log:log plot 
I found a power function relating cluster size to frequency with a slope of -2.8 and R2 of 0.948 
(Figure 5). This trend held true within the field (R2= 0.937) and the edge (R2=0.905) though the 
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relationship was weaker in the forest habitat (R2=0.763) due to a few outlaying heavily galled 
leaves.  

 

Figure 1: Positive trend in number of galls with relation to number of leaves. Generally in all three habitat-types as 
the number of leaves increased the number of galls also increased. Linear regression lines were added to the points 
corresponding to each habitat.  

 
Figure 2: Oviposition preference for terminal leaves over lateral leaves. Each pair represents one of my habitat 
treatments: Field (1), Edge (2) and Forest (3). 

 
Figure 3: Terminal and lateral probability cases. For each habitat I counted the number of branches where both 
terminal and lateral leaves were galled (1 and 3), where only terminal leaves and no lateral leaves were galled (2) 
and where only lateral and no terminal leaves were galled (4).   

174



 
Figure 4: Distribution of galling events within the vertical structure of seedlings. In all three habitats I calculated the 
number of galling events in each fifth of that tree’s total height.  

 
Figure 5: A power function relating cluster size to frequency. This data has been aggregated across all three habitats. 
It relates the frequency of the number of nodes at each oviposition site. The linear regression I performed is depicted 
on the graph.  
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DISCUSSION 

 My results indicate that oviposition site selection is highly selective and shows consistent 
patterns on the scale of the branch, the tree and the habitat type. In a previous paper my 
coauthors and I were able to demonstrate that there was a significant difference in galling rates 
between these three habitat types with the highest rates being in the field and the lowest in the 
forest (Donihue et al. In review). The results from this study indicate that this pattern of 
increased galling rates is due to the increased tree height, number of branches and number of 
leaves in the field habitat. This gives significant credence to our previous prediction that the 
resource concentration hypothesis (Root, 1973) was influencing oviposition site selection.  

 Oviposition site preference within branches was highly skewed towards terminal as 
opposed to lateral leaves in all three habitats. There was also a noticeable pattern of oviposition 
in the highest portion of the sapling. This is an interesting result when put in context of the 
complex interplay between these cynipid wasps and their parasitoids. Parasitoids have been 
observed to play a large role in the population dynamics of cynipid gall wasps (Stone et al., 
2002; Washburn and Cornell, 1981), which should drive selection for ovipositors that select sites 
less vulnerable to predation. In this system though the cynipids strongly preferred terminal 
leaves, high in the tree, which would leave their eggs more conspicuous for parasitoid attack. I 
infer then that predation stress is less limiting than can be overcome by the increased oviposition 
rate due to highly accessible leaves.  

 While I was unable to determine statistically significant dispersal patterns between 
neighboring leaves there were patterns in the data to suggest that when one terminal leaf is 
galled, especially heavily galled with many nodes, it is much more likely that adjacent leaves 
will also be galled. This trend recommends additional research to elucidate the dispersal patterns 
of these gall makers.  
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 The strong linear relationship between the natural log of cluster size and frequency is 
known as a power function and has several interesting implications for this system. First, systems 
that show this pattern are generally self-organized (Vandermeer pers. comm.). An additional 
interpretation of these relationships is “the sick get sicker” (Allen pers. comm.) or in other 
words, trees with a few galls are more likely to have weakened defenses opening them up to 
many more galls. This interpretation also agrees with the plant stress hypothesis put forth by 
White in 1984 and Dodson in 1987. Because this pattern was so clear, I am confident that these 
aggregations of galls result from a deeper pattern of self-organization. 

 In sum, gall wasps have clear patterns in oviposition site on oak seedlings in the ES 
George Reserve in all three habitats that were sampled. Though there are differences in the 
extent of galling between these habitats the preference for terminal leaves high in the plant was 
very consistent suggesting that high rates of oviposition outweighs attempting to escape 
predation from parasitoids by finding less conspicuous oviposition sites. The data also suggest 
that there is a strong self-organizing pattern for these galls supporting the plant stress hypothesis.  
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UNTANGLING THE OAK GALL SYSTEM:  

PLANT STRESS INFLUENCES THE IMPACTS OF CYNIPID WASPS ON OAKS 

 

DANIEL KATZ 

ABSTRACT: Oak trees (Quercus) have many highly specialized parasites, 
including cynipid wasps which oviposit in meristematic tissue and induce woody 
growths known as galls.  I investigated interactions between Amphibolips cooki 
galls and black oaks (Quercus velutina) at the ES George Reserve in four 
observational studies.  In the first two studies I found that galls decreased leaf 
photosynthetic area and that the presence of galls on a leaf was correlated with 
earlier leaf fall dates.  My subsequent investigations found that galls caused more 
leaf damage to seedlings which faced strong inter-specific competition and less 
damage to mature trees.  Galls from trees were smaller than those on seedlings.  
My findings support the plant stress hypothesis and suggest that galls are a 
potentially important selective pressure on seedlings. 

 

INTRODUCTION 

 Members of the Quercus (oak) genus are common throughout the world, and the genus is 
comprised of more than 400 species.  In the upper Mid West of the United States, Quercus 
velutina (black oak) dominates many forests, and comprises a significant percentage of basal 
area in the Big Woods at the E.S. George Reserve (located near Pickney, Michigan).  Given the 
high abundance of Quercus velutina, it is no surprise that many organisms specialize on it.  
Perhaps the most visually apparent specialists are gall wasps (Cynipidae), such as Amphibolips 
cooki.  These wasps oviposit in Quercus velutina, which induces gall formation, although the 
exact mechanisms are still debated.  The resulting gall forms a protective case and provides 
nutrients for the wasp larvae as it develops.     

 This system offers an excellent chance to test two competing theoretical frameworks 
which offer contrasting predictions as to the effects of plant stress on plant-insect interactions.   
The plant vigor hypothesis (Price 1991) predicts that herbivores will fare best on “vigorous” 
plants, as they provide higher food quality.  This hypothesis could be especially relevant, as it 
was developed in gall systems (Cornelissen et al. 2008).  In contrast, according to the plant stress 
hypothesis (White 1984), plants that are under stress are particularly susceptible to herbivory, as 
they are unable to devote as many resources to defenses.   

 The purpose of this study was to both test these two competing theoretical frameworks, 
and to offer insight into how this impacts other interactions between Amphibolips cooki and 
Quercus velutina.  

 

METHODS 
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My investigation consisted of a series of observational studies conducted at the E.S. 
George Reserve in Pinckney, Michigan.  These studies examined the effects of galls on Quercus 
velutina leaves, the effects of plant stress on susceptibility to galling damage, and the effects of 
tree age on gall size.  Study sites were in the old field, the forest edge (along the power line 
corridor), and the forest interior.   

In a preliminary field study, conducted on October 11, I measured gall damage on a 
mature tree in the old field.  I randomly selected leaves, and for each estimated the percentage of 
leaf that was brown and noted the presence or absence of galls. Percent damage estimates were 
recorded in 5 classes, from 0-5, 5-15, 15-25, 25-50, 50-100.  For analysis, average class values 
were used. 

In a leaf fall study, I tested whether leaves with galls dropped sooner than leaves without 
galls, and whether this differed between different age classes of trees.  To do so, I labeled 107 
pairs of leaves with permanent marker on October 11th.  Each pair of leaves consisted of a leaf 
with a gall and the next nearest leaf without a gall.  These leaves came from four saplings and 
four mature trees in the old field.  On October 18th, I recorded the marked leaves which were still 
on the branches, and determined which were missing. 

In order to investigate the effects of plant fitness on plant-gall interactions, I measured 
leaves on seedlings in two 16 m2 plots in the forest edge habitat (e.g. the power line corridor).  
One of these plots had a very high density of Gayluccasia bacata (huckleberry), whereas the 
other plot, although immediately next to the first, had only a few small Gayluccasia bacata 
stems.  In each plot I counted all leaves on all seedlings and recorded the presence of galls.  
Areas above the gall were presumably unaffected and areas below the gall were potentially 
affected.  On the leaves that had galls I measured the percent of the leaf that was brown below 
and above the gall.  For each galled leaf, I also measured the percent brown on a control leaf, 
which was defined as the nearest ungalled leaf.  In order to correct for inter-plot differences in 
leaf damage, I subtracted the percent of the leaf that was brown in the control leaf from the 
percent that was brown in the galled leaf.   

I also used similar methods to measure the effects of galls on adult trees that were 
adjacent to the two seedling plots.  The only difference was that instead of measuring all of the 
leaves on an individual tree, I measured all of the leaves on a randomly selected branch. 

In my next observational study, I collected individual galls from tree seedlings in the 
edge habitat, from mature trees in the edge habitat, and from tree seedlings in the forest interior.  
These galls were measured to the nearest 0.0001g the day after collection. 

To analyze data I used R (R Development Core Team) and Microsoft Excel.  
Significance was determined using both paired and unpaired t-tests. 
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RESULTS 

For my preliminary study, I measured 39 
leaves.  Leaves without galls were brown for 
6.6% of leaf area on average.  Leaves without 
galls were brown for 35.3% of leaf area on 
average.  This difference was highly significant 
(p< 0.000001).  Damage closely followed leaf 
architecture; brown and red patches often 
radiated from the galled vein (Katz, personal 
observation). 

Although only 8 leaves marked in my 
leaf fall study fell, 7 of them had galls.  This 
difference of leaf fall rates between galled and 
ungalled leaves was significant (p<0.05).  Of the 
leaves that fell, 7 were from seedlings, and 1 was 

from a mature tree.  This difference was significant (p<0.05).  However, given that only one leaf 
fell from an adult tree, I was unable to tell whether seedlings dropped galled leaves faster than 
mature individuals. 

In my inter-specific competition study, I 
measured a total of 39 seedlings and 1616 leaves.  
Nine out of 23 seedlings in the low inter-specific 
competition plot were galled, and there were a 
total of 21 galled leaves on these seedlings.  Five 
out of 15 seedlings in the high inter-specific 
competition plot were galled, and there were a 
total of 13 galled leaves on those plants.  After 
controlling for inter-plot differences in 
background leaf damage (as described in the 
methods section), there was a marginally 
significant difference between leaf damage in   
the two plots (p=0.067: Figure 1).    

For the neighboring adult trees I 
measured a total of 34 trees and 867 leaves.  13 
out of 34 trees had galls, and these individuals 

Figure 1: Differences in leaf damage, between plots 
with high and low inter-specific competition.  This 
difference was marginally significant (p=0.067). 

Figure 2: Differences in leaf damage, depending on age 
class.  This difference was significant (p<0.001). 
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had a total of 71 galled leaves.  Leaves with galls were significantly less damaged on trees than 
on seedlings (p<0.001: Figure 2).  Control leaves on seedlings and on trees did not display 
significantly different amounts of background damage (p=0.89).  

In my gall weight study, I weighed a total of 89 galls from seedlings in the edge habitat, 
53 galls from seedlings in the forest habitat, and 93 galls from trees in the edge habitat.  Gall 

weights from edge seedlings, 
forest interior seedlings, and edge 
trees averaged, respectively, 
8.5mg, 6.7mg, and 6.2mg. The 
difference between edge trees and 
seedlings was significant (p<0.01) 
and is shown in Figure 3.    

  

DISCUSSION 

 My results show that galls 
damage Quercus velutina leaves 
by reducing photosynthetic area.  
While my indicator for leaf 
damage (% brown) could be 
partially related to other factors, 
such as frost damage, early 
senescence, or physical damage, 
my preliminary study shows that a 

strong relationship between % brown and gall presence exists.  Given that the galls cause a 
woody growth on the main leaf vein, it seems likely that most damage is a function of nutrient 
flow disruption due to leaf veins being choked off.     

 I also found that leaves with galls dropped sooner than leaves without galls.  This could 
be due to galls accelerating the process of leaf senescence, which has been seen in other plant-
parasite systems (Wachter et al. 1999).  This possibility is further supported by my observation 
that leaves with galls seemed to generally turn color before other leaves (Katz, personal 
observation).  The difference in leaf fall between seedlings and mature trees is well outside the 
scope of this paper (but see Seiwa 1999). 

My result that galls did relatively more damage to seedlings in the Gayluccasia bacata 
plot was marginally significant (p=0.07), and supports the plant stress hypothesis.  Gaylussacia 
baccata spreads clonally through underground runners (Matlack et al. 1993), and the abrupt 
patch edges indicate that the Gaylussacia baccata patch boundaries are formed by vegetative 
growth, not a result of soil properties which would also influence Quercus velutina seedlings.  It 

Figure 3: Differences in gall weights between trees and seedlings in 
the edge habitat.  This difference was significant (p<0.01). 
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is not known how Gaylussacia baccata affects soil mycorrhizal communities (and through them 
Quercus seedlings), as discussed at the annual Field Ecology Symposium.  However, it is 
substantially taller, and is outcompeting the seedlings for light (Katz, personal observation), 
thereby reducing plant defenses, as has been seen in other species (de la Rosa 2001).  Thus, 
relatively higher gall induced damage in the seedlings which grow at low light levels supports 
the plant stress hypothesis. 

 The plant stress hypothesis is also corroborated by my finding that mature trees suffered 
less damage from galls than seedlings did.  Mature trees have more resources available for plant 
defenses, and are generally less vulnerable than seedlings.  However, similar gall wasp- Quercus 
interactions have been known to generate resistance in Quercus individuals through repeated 
exposures (Pires and Price 2000), which is a function of plant age, not stress. 

 Further support for the plant stress hypothesis comes from the statistically significant 
difference in gall weights between seedlings and trees in the edge habitat.  The finding that galls 
were larger on seedlings than on trees is most likely due to galls being able to grow larger due to 
there being less plant defenses on seedlings.  However, I did not count the number of galls which 
came from each leaf (multiple galls existed at most oviposition sites), so it is possible that 
individual gall weight is not a reliable indicator for gall biomass per leaf.  Although untested, I 
expect gall size to be an indicator of wasp fitness. 

 There are a variety of ecological implications from this study.  First, it seems that galls 
play an important role in Quercus velutina health, especially for smaller individuals.  In my 
study, I found that 3.3% of seedlings in the edge habitat were galled.  Earlier work at the study 
site found that Quercus velutina leaves are galled at rates ranging from about 1-10%, depending 
on age and habitat (Donihue et al. 2009), with seedlings being galled at consistently higher rates.  
On those leaves that were galled, I found in my preliminary study that leaf photosynthetic area 
was reduced by an average of 28.7%.  Earlier senescence could further reduce photosynthetic 
capacity of Quercus velutina seedlings.  Although we would expect damage to be most extreme 
at the end of the fall, when this study was conducted, it still makes biological sense that galls 
could seriously reduce Quercus velutina seedling fitness.   

 As I have shown, Amphibolips cooki has an incentive to oviposit on plants which are less 
fit to begin with.  Moreover, Quercus velutina seedlings which are less fit experience higher 
damage from galls.  This could potentially contribute to a feedback loop where weak seedlings 
experience more galling, and are further weakened.  Herbivory is one of the main ways in which 
plants that are not as well adapted to their habitat are culled (Stowe et al. 1994 and Sork et al. 
1994).  Thus, galls could contribute to other selective pressures on Quercus velutina seedlings 
which germinate in microhabitats with unsuitable environmental conditions.   

This study has brought up a number of directions for future research.  One of these would 
be to test whether the difference between gall weights in trees and seedlings is due to different 
numbers of eggs being placed at each oviposition site, or more practically, whether the weight of 
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the gall depends on the number of galls on each leaf.  Another follow up experiment could ask 
the question of whether leaf damage is explained by gall biomass.  In further work, it will be 
important to conduct all of the work in the same habitat (field, edge, and forest) or in all three, in 
order to minimize confusion surrounding different relationships which may exist in them. 
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A PRELIMINARY STUDY OF CHEMICAL-MEDIATED PLANT-HERBIVORY 
INTERACTION IN E.S. GEORGE RESERVE: INTERACTIONS BETWEEN 

HUCKLEBERRY, LEAFMINERS AND OAKS 

HSUN-YI HSIEH 

Abstract  In this study, I surveyed the effect of ericoid mycorrhizae (ERM), a soil 
nitrogen inhibitor associated with Gaylussacia bacatta (huckleberry) in E.S. George 
Reserve, on the oviposition of three leaf miner species on Quercus velutina x Quercus 
pagoda (red and black oak) and Quercus alba (white oak). While the reduced tannin 
content of Quercus velutina x Quercus pagoda would be the possible cause of increased 
leaf miner oviposition on the woody plant seedlings of this tree species in the presence 
of ERM, Quercus alba presents a reduced attack of leaf miners in the same presence of 
this soil mycorrhizae.  A chi-square analysis reveals that Quercus alba is more 
susceptible to the leaf miner than Quercus velutina x Quercus.  Two possible 
explanations are proposed for the explanation of this phenomenon: the tannin content of 
Quercus velutina x Quercus discourages leaf miners, and the high density of Quercus 
alba in the study area postulates a relatively higher attack rate of leaf miners.  Further 
study to explore whether the presence of ERM does not decrease the density of Q. alba 
is proposed because (1) Plant Vigor Hypothesis does not necessarily to be hold in this 
case study; (2) field observation postulates the density of Q. alba maintains high in the 
presence of ERM.    

 
INTRODUCTION 

The history of literature has shown that chemicals play important roles in plant-
herbivory interactions. For example, it has been known that the tannin content in oaks can reduce 
herbivory attacks (Feeny 1970). On the other hand, leave nitrogen content of plant species also 
can affect herbivore’s feeding and ovispotion behavior (Forknor and Hunter 2000).  In G.S. 
George Reserve, tannin-contained Quercus velutina x Quercus pagoda (red and black oak), 
Quercus alba (white oak) and Gaylussacia bacatta (huckleberry) co-exist prevalently  While it is 
known that Q velutina x Q pagoda contains tannin, it is also known that soil nitrogen availability 
can change due to the ERM fungus associated with huckleberry.  I am interested in testing if the 
environment of ERM fungus can affect the attacks of herbivores on Q. velutina x Q. pagoda and 
Q. alba. Earlier hypotheses have been controversial in explaining the nutrient effects on 
herbivory attacks. While Plant Stress Hypothesis postulates that herbivores tend to attack weak 
plants, Plant Vigor Hypothesis suggests the opposite. The presence of ERM in E.S George 
Reserve creates a complicated environment and would causes effects on plant-herbivory 
dynamics. The presence of ERM would reduce nitrogen availability for oaks, and reduce tannin 
content in Q velutina x Q pagoda.  However, it may also cause other effects on the plants (e.g. 
white oaks) which do not usually produce defense chemicals.  Although the last factor remains 
unknown and no scientific literature is found to support this idea, in this study, I still test the 
ovisposition rates of leaf miners on Q. alba along with Q. velutina x Q. pagoda. This is a 
preliminary study.  The proposed questions is if the presence of ERM can affect the oviposition 
rates of leaf miners on while oak, and read and black oak.  Later in this article I discuss possible 
reasons for experimental results.   
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METHODS 

Four plots were set in E.S. George Reserve, a 525-hectare fenced-preserve in 
Livingston County, Michigan (approximately 42° 28' N, -84° 00' W).  Of the four plots, two 
were set in locations without the presence of Gaylussacia bacatta, and the other two were set in 
locations with the presence of G. bacatta.  For each treatment, one plot of 30.6 x 1.2 m2 and one 
plot of 20 x 1.2 m2 were set.  Within each plot, data of the presence of three leaf miner species, 
Liriomyza sp., Phyllonorycter sp. and Gracillariidae Phyllonorycter heegeriella (Zeller), on each 
seedling of Quercus velutina x Quercus pagoda and Quercus alba were taken.  Then chi-square 
analysis was performed to test if (1) the presence of G. bacatta affects the oviposition rate of 
each leaf miner species on Quercus velutina x Quercus pagoda and Quercus alba; (2) leaf 
miners prefer to oviposit on Quercus alba than on Quercus velutina x Quercus pagoda; (3) if 
density affects leaf miners’ oviposition on oak species. 

 
RESULTS 

A qui-square analysis shows that the presence of Gaylussacia increases the oviposition 
rate of Phyllonorycter sp. on Q. velutina x Q. pagoda, while the same condition reduces the 
oviposition rate of Liriomyza sp. and Phyllonorycter sp. on Q. alba (Table 1, Figure 1 and Figure 
2).  The contradictory results between Q. velutina x Q. pagoda and Q. alba indicate that leaf 
miners have different responses to foliar quality changes of two oak species under the influence 
of ERM.  While ERM shows an indirect negative effect on the oviposition of Phyllonorycter sp. 
on Q. velutina x Q. pagoda, it has an indirect positive effect on the oviposition of the same leaf 
miner species and Liriomyza sp.on Q. alba.  Although more studies are needed, the two different 
oak responses would seemingly support two conflicting hypotheses: the Plant Stress Hypothesis 
and the Plant Vigor Hypothesis.  The response of Q. velutina x Q. pagoda would imply that the 
presence of ERM hinders the formation of tannins and consequently results in higher oviposition 
rate of Phyllonorycter sp. on this oak species, which is consistent with the Plant Stress 
Hypothesis which argues that vulnerable plants provide better food resources.  However, the 
response of Liriomyza sp. and Phyllonorycter sp. oppositely supports the Plant Vigor Hypothesis, 
which argues that herbivores would tend to attack plants which contain higher nutrition level 
instead of attacking resources of poor quality (Forkner and Hunter 2002).  

 
Table 1. The effect of Gaylussacia bacatta on leaf miners’ oviposition on Quercus 

velutina x Quercus pagoda and Quercus alba. 
 Quercus velutina x Quercus pagoda Quercus alba 
 Liriomyza 

sp. 
Phyllonorycter 
sp 

Gracillariidae 
Phyllonorycter 
heegeriella 
(Zeller) 

Liriomyza 
sp. 

Phyllonorycter 
sp 

Gracillariidae 
Phyllonorycter 
heegeriella 
(Zeller) 

Chi-
square 

0.11 6.01 0.51 9.54  
 

9.08 2.36 

P-
value 

0.7401 0.0142* 0.4751 0.002**  
 

0.0026**  0.1245 

*: p<0.05, 95% confidence level, **: p<0.01, 99% confidence level. 
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Figure 1. A bar chart presenting the effect of ericoid mycorrhizae (ERM) on three leaf 

miner species’ oviposition on Quercus alba.  
 

 
Figure 2. A bar chart presenting the effect of ericoid mycorrhizae (ERM) on three leaf 

miner species’ oviposition on Quercus velutina x Quercus pagoda. 
 

Nevertheless, high density of Q. alba in the study area (both the presence and absence of 
Gaylussacia baccata) would postulate that the presence of ERM does not necessarily inhibit the 
population growth of Q. alba.  All of the surveyed plots are Q. alba dominant.  Of the four 
surveyed plots, the densities of Q. alba are respectively 1.53 seedlings/m2 and 1.96 seedlings/m2 
for the plots with G. baccata, and 1.39 seedlings/m2 and 2.88 seedlings/m2 for the plots without 
G. baccata, compared with the densities of Quercus velutina x Quercus pagoda in two ERM 
present plots (0.54 seedlings/m2 and 0.25 seedlings/m2) and two ERM absent plots (0.95 
seedlings/m2 and 0.63 seedlings/m2).  Personal field observation also shows that leaf miners 
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would tend to oviposit in clusters, indicating higher density of Q. alba in these plots would be a 
cause of the higher attack rate of leaf miners on this oak species.  A qui-square analysis shows 
that Phyllonorycter sp. prefer to oviposit on high density white oak plots (density =2.88 
seedlings/m2) then medium density white oak plots (density 1.39-1.96 seedlings/m2), while the 
same test does not show statistical significance on other leaf miner species and oak treatments 
(Table 2, Figure 4).   

 
 

Table 2. The effect of density on leaf miners’ oviposition on Quercus velutina x 
Quercus pagoda and Quercus alba 

 Quercus velutina x Quercus pagoda Quercus alba 
 Liriomyza 

sp. 
Phyllonorycter 
sp. 

Gracillariidae 
Phyllonorycter 
heegeriella 
(Zeller) 

Liriomyza 
sp. 

Phyllonorycter 
sp. 

Gracillariidae 
Phyllonorycter 
heegeriella 
(Zeller) 

Chi-
square 

0.548 2.059 3.276 2.583 
 

5.741 0.159 

P-
value 

0.46 0.151 0.07 0.962 
 

0.017*  
 

0.69 

 
 

 
Figure 3. A column chart presenting the effect of density on fatties’ attack on white 

oak. It shows that the Phillonorycter sp. is more likely to oviposit in high density area of white 
oak.  

 
 
A qui-square analysis also shows that leaf miners prefer to oviposit on Q. alba than on 

Q. velutina x Q. pagoda. This may be because that Q. velutina x Q. pagoda contains tannins that 
discourages the oviposition of leaf miners (Table 2, Figure 5).  
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Table 2. Leaf miners’ ovisposition preference between Quercus velutina x Quercus 
pagoda and Quercus alba. The chi-square result shows that Liriomyza sp. and Gracillariidae 
Phyllonorycter heegeriella (Zeller) prefers Q. alba to Q. velutina x Q. pagoda.  
 Liriomyza sp. Phyllonorycter sp. Gracillariidae 

Phyllonorycter 
heegeriella (Zeller) 

Chi-squre 9.121 0.33 4.21 
P-value 0.003**  0.57 0.04*  
 

 
Figure 4. A bar chart presenting leaf miners’ oviposition preference between Q. velutina x Q. 
pagoda and Q. alba.  
 

DISCUSSION 
 The study shows that the presence of Gaylussacia baccata results in opposite 
consequences of leaf miner oviposition on Q. velutina x Q. pagoda versus Q. alba.  On one hand, 
reduced soil nitrogen availability affects the ability of Q. velutina x. Q. pagada of forming 
tannins as defense chemicals against endophagous insects.  On the other hand, the reduced soil 
nitrogen possibly availability renders a decline of oviposition rates of Liriomyza sp. and 
Phyllonorycter sp. on Q. alba.   
 
 Looking at the effect of the presence of G. bacatta on Q. velutina x Q. pagoda of the 
study in E.S. George Reserve would generate a conclusion that the findings of this study 
plausibly support the Plant Stress Hypothesis.  Plant Stress Hypothesis predicts that 
environmental stresses on plants decrease plant resistant to insect herbivory by altering 
biochemical source-sink relationships and foliar chemistry, leading to more palatable food.  In 
this case study, ericoid mycorrhizae (ERM) associated with the presence of G. baccata secretes 
organic acids that inhibit nitrification as well as microbial decomposition of organic compounds 
into ammonia that Q. velutina x Q. pagoda can use (Read and Perez-Moreno 2003).  This would 
explain why Q. velutina x Q. pagoda in the plot with G. baccata has a higher oviposition rate of 
Phyllonorycter sp. 
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The opposite outcome of the effect of G. baccata on Q. alba would tell a different story.  

Although the reduced foliar nitrogen availability due to the presence of ERM would be a reason 
for the less oviposition selection of leaf miners, other possible explanations exist.  Although 
scarce, the data of this study would postulate that the presence of ERM does not necessarily 
reduce the density of Q alba.  According to my personal field observation, it is also likely that 
the high density of Q. alba results in clusters of leaf miners.  Therefore, a further analysis to test 
if Q. alba is not affected by the presence of ERM or even can use chemicals associated with the 
ERM would help disentangle the puzzle of the opposite consequences in this case study. 

 

REFERENCES 

Feeny, P. P. 1970. Seasonal changes in oak leaf tannins and nutrients as a cause of spring feeding 
by winter moth caterpillars. Ecology 51:565 – 581. 

Forkner R. E. and Hunter M.D. 2000. What goes up must come down? Nutrition addition and 
predation pressure on oak herbivores. Ecology 81(6): 1588-1600. 

Read, D.J. and J. Perez-Moreno. 2003. Mycorrhizas and nutrient cycling in ecosystems – a 
journey towards relevance. New Phytologist. 157:475-492. 

Rhoades, F.D. 1983. Herbivore population dynamics and plant chemistry. In: Denno RF, 
McClure MS (eds) Variable plants and herbivores in natural and managed systems. 
Academic Press, New York, pp 155-220. 

White T.C.R. 1984. The abundance of invertebrate herbivores in relation to the availability of 
nitrogen in stressed food plants. Oecologia 63:90-105. 

 

 
  
 

191



INSECT HERBIVORY PREVALENCE AND TYPE ON WHITE OAK AND RED/BLACK 
OAK TREES AND SAPLINGS IN THE E.S. GEORGE RESERVE  

 
AARON IVERSON 

 
 

ABSTRACT 
 

 Insect herbivory is thought to have a significant effect on a plant’s 
physiology and growth; similarly, plant phenolics such as tannins are thought to 
play a significant role in deterring insect predators.  Herbivory on white oaks 
(Quercus alba) and on red/black oaks (Q. rubra/Q. velutina) in the E.S. George 
Preserve was assessed on leaves of both saplings and trees of each species and 
assigned to one of five feeding guilds based on the type of damage: chompers, 
scrapers, leaf-miners, gall-formers and other.  Results showed near universal 
presence of herbivory on leaves in the study with significantly more damage on 
white oak.  Chompers (Lepidopteran-type) followed by scrapers (Coleopteran-
type) were found to be the most common primary damage guilds across all oak 
species.  Secondary damage was most often caused by scrapers, followed by 
chompers and then leaf-miners.  In white oak, the stratum from which the leaves 
were sampled played a role in the percent of herbivory, with trees exhibiting more 
damage than saplings. These results suggest that leaf phenolics may play a 
significant role in the dynamics of insect-plant interactions in the preserve.  
 

 
INTRODUCTION 

 
Insect herbivory can play a significant role on a plant’s growth, development and 

reproduction. This damage has been shown to decrease net primary production in forests and 
grasslands by 15% and 24%, respectively, and can exceed 70% in times of insect outbreak 
(Aldea et al. 2006).  The losses in production equate to more than simply the lost surface area, as 
the plant must also devote resources into producing secondary compounds to deter the insect 
invaders (Aldea et al. 2006).  The mélange of herbivores is often extensive as shown by the 
presence of 250 insect pests on some oak species (Le Corff 1999).   

In the past few decades, plant-insect interaction studies have uncovered the complexities 
of the chemical arsenals that plants use to inhibit herbivory on their foliage, and oaks (Quercus 
spp.) are no exception.  Feeny (1970) was one of the first to describe the role of phenolic 
compounds in oak species when he documented that tannin concentrations had a negative effect 
on herbivory.  Since this ground-breaking study, several investigations have studied the role of 
tannins, which are a heterogeneous collection of compounds that are water soluble, high 
molecular weight polymers of phenolic constituents that can bind proteins (Bate-Smith and 
Swain 1962).  A few studies have documented that various polyphenolics, and especially tannins, 
are the predominant anti-herbivore defenses in oaks, including black oak (Quercus velutina) and 
white oak (Q. alba) (Forkner and Marquis 2004; Parker 1977).  Forkner et al. (2004) has shown 
that tannin levels in oak leaves negatively affect herbivores by reducing their growth and 
survivorship, deterring feeding, decreasing pupal mass, causing lethal deformities and increasing 
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parasitism rates.  These studies also report that tannin concentrations differ significantly among 
even closely related species.  

The current study sought to compare the herbivory damage on leaves of white oak and 
the red/black oak complex in the E.S. George Preserve.  Red oaks (Q. rubra) and black oaks 
readily hybridize and are difficult to distinguish in the area of the preserve; therefore, they were 
considered one complex for the purpose of the study.  As acorns from members of the white oak 
guild have been shown to have a higher tannin concentration than those of the red oak guild 
(including black oak) (Ober 2008), it was hypothesized that the white oak leaves would also have 
a lower concentration, lending them to have a higher overall herbivore damage. It was also 
hypothesized that the insect feeding guild would vary across species and across vertical strata.  

 
 

METHODS 
 

In order to ensure an adequate quantity of oak saplings and trees, an area between Esker 
Road and Buck Hollow of the ES George Preserve (Hell, MI) was selected due to the high 
presence and high structural diversity of both white oak and red/black oak plants. Herbivory 
damage was quantified on individual leaves of saplings and trees of all species. In order to 
sample saplings, a transect was lain through an area of high oak sapling prevalence and every 2m 
the nearest white oak and red/black oak sapling that was between 15cm and 50cm tall was 
selected.  A total of 14 saplings with 158 leaves (79 white oak and 79 red/black oak) were 
sampled.  For tree sampling, the outermost 10 leaves on the lowermost branch were selected 
from 6 trees of each species, for a total of 120 leaves. The percent damage caused by herbivory 
on each leaf was then estimated according to the following scheme: <1%, 2-5%, 6-10%, 11-20%, 
21-40%, 41-60%, 61-80%, 81-100%.  Additionally, each leaf was assessed for damage type 
according to 5 feeding guilds: chompers (or Lepidopteran-type), scrapers (or Coleopteran-type), 
leaf-miners, gall-formers or other.  The primary damage type was determined based on the 
feeding guild that caused the most leaf area damage.  All other damage types present on the same 
leaf as the primary damage type were recorded as secondary damage.  Data were analyzed 
comparing oak species and strata (saplings and trees) using Microsoft Excel.  

 
 

RESULTS 
 

Herbivory damage was found on most of the leaves from all categories of species and 
strata. Red/black oak trees and saplings exhibited 98.3% and 88.6% prevalence of herbivory, 
respectively, whereas white oak trees and saplings exhibited 100% and 88.6% prevalence, 
respectively.  The average percent herbivory per leaf was significantly higher (p<0.001) in white 
oak than in red/black oak for both the saplings and the trees (figures 1a and 1b). Average percent 
damage in saplings and trees of white oak were 11.90% and 17.99%, respectively, compared to 
6.35% and 7.03% damage in red/black oak saplings and trees, respectively.  
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Figure 1a: Percent herbivory in leaves of red/black oak and white oak saplings. 

 
 

Figure 1b: Percent herbivory in leaves of red/black oak and white oak trees 

 
 
 

The results of primary herbivory damage show that the chompers contributed most to the 
physical injury of leaves of all categories, followed by the scrapers (figure 2a and 2b). In the 
saplings, white oak leaves had more chomper and scraper damage than did the red/black oak 
leaves, which in turn had more damage from the other feeding guilds. In the trees, differences 
between oak species were minimal and no gall or ‘other’ damage was observed.  

The results of secondary herbivory damage show a different trend, with scrapers being 
the most common followed by chompers in all categories (figures 3a and 3b). Miners were also a 
significant component of this damage, as were galls in white oak trees and ‘other’ in red/black 
oak trees. No damage was observed in galls or ‘other’ feeding guilds for all saplings.  

 
 
 

P<0.001 

P<0.001 
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Figure 2a: Proportion of primary damage feeding guild type in leaves of  

red/black oak and white oak saplings. 

 
 

Figure 2b: Proportion of primary damage feeding guild type in leaves  
of red/black oak and white oak trees. 
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Figure 3a: Proportion of secondary damage feeding guild type in leaves 

of red/black oak and white oak saplings. 

 
 

Figure 3b: Proportion of secondary damage feeding guild type in 
leaves of red/black oak and white oak trees. 

 
 
 
 A difference in feeding guild damage was observed among the strata of red/black oak but 
not among the strata of white oak (figures 4a and 4b). In red/black oak the trees exhibited greater 
chomper and scraper damage whereas the saplings exhibited the only gall and ‘other’ damage. In 
white oak the differences were minimal, although gall and ‘other’ damage was also only 
observed in the saplings.  When comparing the per leaf percent damage across strata, white oak 
trees exhibited significantly more overall damage (p<0.001) than white oak saplings but there 
was no significant difference between red/black oak saplings and trees (figure 5).  
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Figure 4a: Proportion of primary damage feeding guild type 

in leaves of red/black oak saplings and trees. 

 
 

Figure 4b: Proportion of primary damage feeding guild type 
 in leaves of white oak saplings and trees. 

 
 

Figure 5: Percent damage per leaf among strata (saplings and trees) 
 of red/black and white oaks. 

 

P<0.001 
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DISCUSSION 

 
These results suggest that there is an underlying difference in leaf composition between 

the red/black oak complex and white oaks.  The significant difference in herbivory supports the 
hypothesis and suggests that white oak leaves may, in fact, have a lower degree of plant defense 
compounds such as tannins.  Other studies also follow this pattern of higher herbivory in white 
oaks than in black oaks (Martinat and Barbosa 1987).  However, upon literature review, there is 
no support for higher tannin concentrations in red/black oaks.  Contrary to the underlying 
assumption of the hypothesis, some studies have found exactly the opposite (Forkner and 
Marquis 2004, Le Corff and Marquis 1999).   

This confounding result may, however, be supported by other studies. Foss and Rieske 
(2003) found that not all insects are deterred by tannins and some actually prefer the more 
tannin-rich plants.  These insects are able to compartmentalize the toxins in their body and use 
them as a defense against their own predators, as is seen by gypsy moths in oaks (Hunter, Pers. 
Comm.).  It is plausible, therefore, that other Lepidopterans in this environment behave similarly 
to gypsy moths.  In this study, the Lepidopterans not only were likely the primary consumers of 
these leaves (the chompers) but, along with the scrapers, they also composed a higher overall 
proportion of the damage of white oak leaves compared to red/black oak leaves.  This may 
reflect the particular affinity of Lepidopterans towards tannin-rich substrates.  Furthermore, 
interior-feeding insects (unlike the chompers and the scrapers) such as leaf miners and gall-
formers made up a higher proportion of the damage of red/black oak leaves, perhaps reflecting 
their preference for greater protection from predators that would be less affected by their weaker 
toxin concentrations.   

The prevalence of damage by ‘chompers’ in this study corroborates the findings of Le 
Corff (1999) who found 90% of the insects feeding on oak to be Lepidopterans and the 
remaining herbivores to be sawflies (Order Hymenoptera), beetles from the families 
Curculionidae and Chrysomelidae (Order Coleoptera), walking sticks (Order Phasmatodea) and 
grasshoppers and katydids (Order Orthoptera).  Indeed, the current study found damage by 
scrapers (likely Coleopterans) to be the second-most common primary damage type and the most 
common secondary damage type.  According to the work of Forkner et al. (2004), the majority of 
these insect species feed on both white oak and black oak, so the insect communities in this study 
are likely similar across white oak and red/black oak species. 

With respect to the differences between strata, the finding that white oak trees had more 
damage than white oak saplings may reflect a few factors. First, the primary herbivores were 
chompers (likely Lepidopterans), which are among the most conspicuous insects to their 
predators. It is thus plausible that these herbivores would be more easily discovered by birds or 
other arthropods when on small, exposed, near-to-the-ground saplings.  This may also explain 
why the relatively protected gall-formers were only found on the saplings in all oak species.  
Secondly, phenolics are often higher in high light environments than in shade (Dudt and Shure 
1994).  The saplings were likely exposed to more sunlight than the lowermost branches of the 
trees because of some sun penetration to the forest floor in between the canopy trees.  This, along 
with potential differential phenolic content based on plant age, could have contributed to a 
dissimilar concentration of tannins that consequentially affected the herbivory damage on the 
leaves.   
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This research suggests that leaf phenolics are playing a significant role in plant-insect 
interactions, but future studies would benefit greatly by performing leaf chemical analyses in 
order to characterize and quantify these compounds.  
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Abstract: The Janzen-Connell hypothesis explains the maintenance of 
tropical diversity through the interacting effects of parent-centered dispersal 
patterns and distance- and density-dependent propagule survival.This study 
investigated the relationship between proportion of fruit parasitization and 
overall witch-hazel clump size. Eight solitary individuals outside of the 
clumps were also sampled to determine the proportion of fruit parasitization 
compared to trees within clumps. A positive correlation exists between 
greater percent inviable/parasitism and numbers of fruits per tree; however, 
after the trend between percent inviable/parasitism and numbers of fruits is 
not so significant. Solitary trees has high variance of parasitism and big 
clump of trees have huge number of fruits overwhelmed parasite, the trend 
suggests a Janzen-Connell effect. Further investigation is recommended 
including more solitary individuals to observe whether a Janzen-Connell 
effect exists, as well as an analysis of distance-predation.  

 
INTRODUCTION  

Many systems in nature use flocking (birds) or schooling (fish) behaviors as a form as 
protection from predators.  Is there really safety in numbers?  The Janzen-Connell 
hypothesis suggests that this may not be true for trees.  It was hypothesized that there 
is a distance dependent relationship between seedling survival and distance from 
parent plant. It is suggested that pathogens or parasites from parent plants are 
detrimental; therefore it is best for seedlings to be at some safe distance from their 
parents (Steven 1982). The Janzen-Connell hypothesis also assumes that with 
ever-increasing density, mortality of seeds and seedlings increases. This is because 
density-responsive predators, which are for the most part considered to be herbivores 
and insects, search for seeds and seedlings until it is no longer profitable for them to 
do so, therefore primarily focusing their attack on seeds and seedlings in high-density 
patches (Janzen 1970).  
Janzen-Connell is thought of as a spatial mechanism (more predators come to spatial 
locations with lots of seeds, seedlings or adults), but masting is a reproductive pattern 
in which an entire population of organisms reproduce at once. Populations that are 
widely separated—even on different continents—often mast simultaneously. Masting 
might enhance pollination efficiency or impose a satiation-starvation cycle on seed 
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predators, providing evolutionary advantages. Witch Hazel does not mast, but maybe 
large clumps are effectively spatial masts, overwhelming the local predator 
capabilities.  
We tested the extent of this hypothesis within witch hazel (Hamamelis virginiana) on 
the E.S George Reserve.Because witch hazel is highly clumped but with some 
isolated individuals, so it is a good chance to test the Janzen-Connell versus spatial 
masting ideas. Pseudoanthonomus helvolus is a good candidate to test our questions 
because it can only ovipost and develop in witch hazel trees. We hypothesized that the 
level of seed predation is a density dependent function and that isolated trees would 
be less likely to be predated upon.  
 

MATERIALS AND METHODS 
Hamamelis virginiana is broadly distributed over eastern North America, coincident 
with the extent of eastern deciduous (Stevens 1982). The tree flowers in autumn and 
is pollinated by generalists insects. The seeds of the plant are encapsulated by a 
woody fruit and are dispersed in late September. 
The study was conducted in the Big Woods plot at E.S. George Reserve, where all 
trees with a DBH of greater than 10cm are identified with an aluminum tag and 
recorded in a geodatabase.  We sampled witch hazel individuals that were isolated 
from conspecifics, as well as individuals belonging to patches of various sizes. Up to 
five witch hazel individuals were sampled per patch.  For each individual, three 
branches were selected and the number of fruits within one meter of the apical end of 
the branch was counted in order to estimate fruit density. The percentages of all fruits 
on the tree which were unparasitized (Whole), parasitized but apparently viable 
(HBG), parasitized but with one viable seed (Half), and dead were also estimated. 
Canopy cover was estimated using a densiometer. The percentage calculated as this: 
percentage of inviability= fruits killed by weevil= (half*0.5+dead)/total fruits, 
percentage of parasitism=fruits attacked by weevil (including 
survivors)=(dead+half+HBG)/total fruits. The areas of the witch hazel patches were 
taken from existing Big Woods data. Five clumps and eight solitary trees were 
evaluated.   
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Figure 1. Survey spots of solitary witch hazel trees and the ones in clump, the black dots are all the 
witch hazel trees, triangles are the witch hazel trees we sampled 

 
RESULTS 

 A total of 50 Hamamelis virginiana trees and saplings were surveyed among five 
clumps and eight solitary individuals. Fruits were categorized as unparasitized 
(Whole), parasitized but apparently viable (HBG), parasitized but with one viable 
seed (Half), and dead.  
 Canopy cover data gathered for the transect sample was compared to the average 
number of fruits per tree to determine whether levels of light impact fruiting 
abundance of witch-hazel (Figure 2). Trees found in more open areas of the forest 
were positively correlated with a higher average number of fruits per tree but with a 
strong trend. We found that 68% of all fruits in the sample showed some evidence of 
parasitization.  Figure 3A) shows a correlation between proportion of fruits 
parasitized and clump area.  In trees from the random sample method, near 
significant correlation between the proportion of fruits per meter parasitized and 
clump area (P=0.076) (Figure3B).  If witch-hazel clumps are compared to isolated 
individual trees, we find that isolated individuals suffer much less parasitization than 
clumped individuals with higher levels of variation.  
Figure 4A) shows no correlation between proportion of inviable fruits and clump area. 
In trees from the random sample method, no strong significant correlation between 
proportion of inviable fruits per meter and clump area (P=0.16) (Figure3B).  If  
witch-hazel clumps are compared to isolated individual trees, we find that isolated 
individuals suffer much less inviability than clumped individuals. 
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Figure 2.  

 
 

Figure 3. A)  
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Figure 4.  

A) 
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B) 

 

 

DISCUSSIONS  

Seed predation by the weevil Pseudoanthonomus helvolus (Coleoptera: 
Curculionidae) may be the mechanism that determines the isolated individuals' small 
number of fruits.  No linear trend is again apparent in the relationship between 
cluster area and seed predation intensity; however, trees isolated from their 
conspecifics generally exhibited a significantly lower level of parasitism than 
individuals in clumps.  Though an isolated individual's ability to cross-fertilize may 
be hindered, spatial isolation also reduces the probability of weevils finding isolated 
individuals, so long as the individuals are small and of poor fecundity (De Steven 
1983).  Our results show a high number of fruits per apical meter corresponding to 
high percent parasitism, and a low fruit number corresponding to low percent 
parasitism.  These results support De Steven's (1983) statement that spatial isolation 
in witch hazels appears important in lowering seed predation intensity only when 
analyzed alongside individual plant fecundity.  

Each witch hazel fruit contains two seeds; Pseudanthonomus may attack one or 
both of these.  Given the presence of HBG (with Hole, But Good) fruits, the 
question arises of what halts the weevil's seed predation.  Attacked fruits may abort 
and fall from the plant, but – because weevil larvae can still continue to develop 
within fallen fruits – abortion by the plant does not appear to be a significant factor in 
suppressing Pseudanthonomus seed predation (De Steven 1982).  (Because our 
sampling methods involved counting fruits still on the branch, these fallen fruits were 
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not included in our study; a future study may benefit from including these fallen 
fruits.)  De Steven (1982) has identified several causes of early Pseudanthonomus 
death: fungal attack or disease during the early larval period; braconid wasp 
parasitism during the late larval period, and eulophid wasp parasitism during pupation.  
Any of these would halt Pseudanthonomus seed predation, leading to HBG fruits.  

As another measure of an individual's density, we also measured the amount of 
light that each individual receives; this did not appear to impact the number of fruits 
that that individual produces.  However, the insignificance of this result may be due 
to the methodology employed.  The angle in which sunlight shines in through the 
canopy changes throughout the day, yet our light readings were taken with a 
densiometer pointing only straight upwards.  Consequently, though the wide area 
above an individual may look relatively open, some branches may obscure the narrow 
area directly above the densiometer, skewing our light estimates.  Future studies 
would benefit from a more comprehensive method of estimating the amount of 
sunlight that an individual would receive.  

From this project, the relationship between witch hazel clump density and 
Pseudanthonomus seed predation does not appear to be one-sided; instead, an 
interaction may exist between the two.  Other variables, such as individual plant 
fecundity and fungal disease or wasp parasitism, may also contribute to how 
Pseudanthonomus chooses the witch hazel seeds on which it preys.  The results 
obtained in this study leads to questions of how to tease apart the causes of HBG 
fruits, and of the food web in which Hamamelis virginiana appears to play a central 
role.  
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IS ONE REALLY THE LONELIEST NUMBER? CAN DENSITY AND DISTANCE FROM 
CLUMP CENTER BE PROXIES OF SEVERITIES OF STUDIED AMERICAN ELM AND 

RED MAPLE DISEASES? 
 

HSUN-YI HSIEH, THERESA ONG, DANIEL POON, YI HOU 
 

Abstract. We hypothesize that density and distance from clump center (of studied tree 
species) significantly contribute to the degree of leave damages. In order to test these 
hypotheses, we surveyed leave damage caused by American Elm black spot disease 
and a suspicious fungal disease of red maple, and tested our hypotheses with 
transformed data.  Multivariate modeling analysis was performed to test out if any of 
five variables including distance from clump center, clump site, slump size, clump 
area, and habitat play important roles the studied plant diseases. Complementary 
statistical analyses were also conducted to test if density and species dominance 
contribute to the severity of red maple disease. The results show that distance, density 
and species dominance have correlations with the degree of leave damage in our 
studied area. 

 
INTRODUCTION 

  Approximately 30% of dogwood trees in the Big Woods plot in the E.S. George 
Reserve have died over the period 2005-2009. (Vandermeer, personal communication).  Many of 
those trees showed epicormic branching and the development of cankers on bark, consistent with 
an eventual diagnosis of dogwood anthracnose (Discula destructiva) infection (Hood et al., this 
volume).  
 

Elm anthracnose (Stegophora ulmea) is a fungal disease commonly known as elm 
black spot.  Elm anthracnose is not typically lethal to elm trees, and is known to affect mature 
trees less severely than young trees.  Initial diagnostic symptoms on elms are small yellow spots 
(1 mm diameter) which turn black as stromata develop, hence the common name ‘black spot’. 
The black spots measure up to 5 mm in diameter. Other symptoms are premature shedding of 
leaves and, in a severe infection, blight of young leaves and shoots and complete defoliation by 
early August (Sansford, 2005).  A more detailed description of the biology of the disease can be 
found in the same source.  These symptoms were observed upon American elms (Ulmus 
americana) in the Reserve.  A similar suite of symptoms was also observed on leaves of red 
maple (Acer rubrum) although neither the disease nor the strain that caused it could be identified. 
We the authors were concerned about the effect that a more virulent or lethal anthracnose disease 
could have on the elm and maple populations in the Reserve.  This could be either due to the 
proliferation of a possibly new, possibly more lethal strain or as a result of a different behavioral 
profile of an existing strain due to changing climatic factors.  Either of these conditions would be 
a cause for conservational concern, both over the short term in terms of mortality of mature trees 
due to disease and over the long term due to inhibition of regeneration.  In particular, the 
Resource Concentration Hypothesis predicts a positive relationship between the local density of 
the susceptible species and the prevalence of the disease.  Our goal was to test that hypothesis as 
it applied to the diseases of American elm and red maple we observed in the E.S. George 
Reserve. 
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METHODS 

 Transects and plots set-up. A survey of leave damage due to American Elm black spot 
disease and the recognizable disease symptoms on Red Maples were evaluated by a four-people 
research team.  The survey was conducted in early October 2009 in E.G. George Reserve, a 525-
hectare fenced-preserve in Livingston County, Michigan (approximately 42° 28' N, -84° 00' W).  
Identifying the locations where American Elm and Red Maple present high abundances on a 
woody-plant map in the reserve, the research team evaluated leave damages of American Elm 
and Red maple in two plots of studied tree species (Fig. 1).  The tagged numbers of trees were 
recorded with an aim to perform spatial analysis testing the effect of density and distance from 
clump center on disease severity along with other potentially important factors.  Data of 
American elm were also taken in a swampy area (95 American elms in a plot of 50×15 (m2)) 
where trees were untagged, as well as on Esker where trees were tagged (two subplots each with 
area of 2×100 m2).   
 
 Leave damage assessments and data treatments.  A team of four people conducted the 
assessment of leave damages of American elm and Red Maple.  Four judgments of leave damage 
were taken and averaged out to ease individual biases.  Data were later transformed into the 
arcsin(sqrt(percent diseased leaves) for normalization purpose.  The center of each clump was 
identified and used as reference for the calculation of tree distance.   
 
 Analyzing factors contributing to the distribution and severity of American Elm black 
spot disease. Forty-five linear models (Appendix I) were created to predict the corrected measure 
of disease in U. americana using the following variables: site, clump size (small, medium, large), 
distance to clump, habitat (swampy vs. non-swampy), and number of trees within a clump.  The 
Akaike information criterion (AIC) was calculated and compared for each model.  
 
 Analyzing factors contributing to the distribution and severity of the studied red maple 
disease.  Forty-five modes were created to test for disease on A. rubrum.  Same with the analysis 
of the American Elm disease, five variables were used: site, clump size (small, medium, large), 
distance to clump, habitat (swampy vs. non-swampy), and number of trees with a clump.  The 
Akaike information criterion (AIC) was calculated and compared for each model (Appendix I).  
Besides, statistical analyses were also performed to test if diversity of clump, and density and 
dominance of red maple are important factors contributing the severity of studied red maple 
disease.  Shannon’s index of diversity was calculated for each clump based on its standard 
formula.  , where pi stands for the proportion of tree species i expressed as a 
proportion of the total number of species for all species in the studied clumps.  Density was 
defined as ( , and dominance was defined as 
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Map 1. Distribution of Red Maples in G.S. George Reserve in 2009. Grey spots stand for all trees, black outlined 
circles stand for our sample. 
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Map 2. Distribution of American Elm in G.S. George Reserve in 2009. Grey spots stand for all trees, black outlined 
circles stand for our sample. 
 
 
 

RESULTS 
 

Model predictions for diseases on U. americana and A. rubrum 
 
 Out of all 45 linear models constructed, model 2 (distance from clump variable only) was 
the best predictor for disease in U. americana, with an AIC value of 41.40175. (See Appendix I 
for all models and AIC values).  However, ANOVA of this model showed no significant 
contribution of distance (F= 0.061, P= 0.81).  Distances were binned according to a histogram of 
sizes (Figure 2), small (<50m), mid (< 200m), and far (>200m), and then graphed (Figure 3).  
Post-hoc tukey's tests showed no difference in percent disease among binned distance classes 
(p=0.96 (1-3), p=0.75 (2-3), p=0.39 (2-1)).  All classes were highly infected. 
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Out of all 45 linear models constructed for A. rubrum, model 6 (distance from clump 
and clump site) was the best predictor for disease, with an AIC value of 41.59597. (See 
Appendix I for all models and AIC values).  ANOVA of this model revealed a significant 
contribution of distance, and marginally significant contribution of site to disease (p=0.048, 
Table 1).  Trees in the clump with 180 trees that were farthest away from the center were half as 
infected as those in middle and close ranges. The one solitary tree we found was also much less 
infected (Figure 3). 

 
Table 1. Analysis of Variance Table for Model 6, predicting disease of A. rubrum 

Response: corrected percent disease      
 Df Sum Sq. Mean Sq. F-value Pr(>F) 

clump site 2 0.8980 0.4490   2.5871 0.09250 . 

Distance 1   0.7431   0.7431     4.2814 0.04755 
* 

 

Residuals 29 5.0333      0.1736      

Sig. codes:  ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1       

 
 
 

Figure 1. Histogram of distance to clump for U. Americana       Figure 2. Diseased leaves on U. americana by distance  
small (<50m), mid (< 200m), and far (>200m)                            from nearest clump: small (<50m), mid (< 200m),  
                                                                                                       and far (>200m), no significant differences. 
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We grouped red maples into four sub-plots and calculated diversity, red maple density 

and dominance with respect to each subplot. For each subplot, we calculated its area, total 
number of all tree species, and total number of red maples. Based on these data, we calculated its 
corresponding Shannon’s index of diversity, red maple density and dominance (Table 2). We 
categorized dominance level of red maple into high (>0.4) and low dominance (<0.4) categories. 
As well, density level is divided into three categories: high (0.056 individuals per m2), medium 
(0.038- 0.039 individuals per m2) and low density (0.021 individuals per m2).  
 
Table 2. Woody-plant diversity, red maple density and dominance level of four tested subplots. 

 

 Size (m2) # of All 
Trees 

# of Red 
Maples 

Density 
of Red 
Maple 

Red Maple 
Dominance 

Shannon's 
Index of 
Diversity 

Subplot 
1 791.34 110 44 0.056 0.4 1.345221 

Subplot 
2 700.04 50 27 0.039 0.54 1.282431 

Subplot 
3 1374 121 29 0.021 0.24 1.360876 

Subplot 
4 700.04 94 26 0.038 0.28 1.500777 

 

Figure 3. A. rubrum disease distribution, binned by clump site and distance from 
clump. Less infection for trees far away in clump 180 
small (<50m), mid (< 200m), and far (>200m).   Colors of bar stand for the clumps 
that trees were belong to. For instance, trees categorized to ‘close to center’ are 
from clump of 300 trees or clump of 180 trees. 
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A statistical test showed that diversity is not a distinguishable factor for the severity of 
red maple disease (Fig.4, P-value=0.30). However, species dominance and density are important 
factors contributing to disease severity in our case study (Fig 5. and Fig 6., P<0.05).  

 
Figure 4. Testing correlation between diversity and leave damage of red maples.  
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DISCUSSION 

 
 Percent disease of U. americana leaves does not correlate with any of our recorded 
measures. This is possibly an artifact of high disease rates across all trees sampled. The disease is 
apparently overwhelming most of the U. americana trees in the E.S. George Reserve. Any 
effects of distance, site, habitat, clump size and number of trees is likely obscured. 

Figure5. Boxplot of maple dominance against leave damage on red maple. T-test result 
shows high dominance results in higher level of damage (p<0.05). High dominance (>0.4 red 
maples/all woody plants); low dominance (<0.28 red maples/all woody plants) 

Figure 6. Testing the effect of density on red maple disease severity. High density (0.056 
individuals/m2); medium density (0.038-0.39 individuals/m2); low density (0.021 individuals/m2) 
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 As for the infection rates of A. rubrum, trees in clump 180 that are farthest away from the 
center appear much less infected than those that are closer, suggesting that the disease may 
benefit from proximity and density of trees. The disease may propagate at higher rates when 
more hosts are nearby (Boudreau, Lawes, 2008). This is corroborated by the extremely low 
percentage of disease found on the one solitary tree that we sampled.  More solitary trees are 
needed in order to confirm this theory.  
 
 Besides, our study also reveals that species density and dominance are correlated with 
leave damages on red maples. Dominance and density are similar measures but they are not 
necessarily the same. From our results, we argue that the disease would be more prevalent and 
cause more damage in areas where red maples have higher relative abundance and/or show 
higher species density.  The study supports resource concentration hypothesis which claims that 
herbivores can find an easier time searching hosts in higher density areas. Although we tested a 
disease instead of damages caused by herbivores, many of times the spread of diseases are 
mediated by insect vectors or wind and rain that have distance constraints.  The less density or 
the more isolated a tree is, the more unlikely it would be encountered by vectors or infected by 
spores.  However, due to the unknown nature of the studied disease, it is worthwhile to taking 
future efforts realizing the infection mechanism of the disease for a more thorough consideration 
of possible explanation of our results.  It would also be valuable incorporating density and 
dominance factors into modeling analysis of American Elm black spot disease and the red maple 
disease for disease prediction purposes. 
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APPENDIX I 

 
Models for U. americana and A. rubrum, Clump=site, clumpsize= small, medium, large 
(arbitrary), size= number of trees in clump 

 
#one way 
 
m0<-lm(corrdisease~clump,data=data) 
m1<-lm(corrdisease~clumpsize,data=data) 
m2<-lm(corrdisease~distance,data=data) 
m3<-lm(corrdisease~habitat,data=data) 
m4<-lm(corrdisease~size,data=data) 
 
#two way 
 
m5<-lm(corrdisease~clump+clumpsize,data=data) 
m6<-lm(corrdisease~clump+distance,data=data) 
m7<-lm(corrdisease~clump+habitat,data=data) 
m8<-lm(corrdisease~clump+size,data=data) 
m9<-lm(corrdisease~clump+distance,data=data) 
m10<-lm(corrdisease~clumpsize+distance,data=data) 
m11<-lm(corrdisease~clumpsize+habitat,data=data) 
m12<-lm(corrdisease~clumpsize+size,data=data) 
m13<-lm(corrdisease~distance+habitat,data=data) 
m14<-lm(corrdisease~distance+size,data=data) 
 
#three way 
 
m15<-lm(corrdisease~clump+clumpsize+distance,data=data) 
m16<-lm(corrdisease~clump+clumpsize+habitat,data=data) 
m17<-lm(corrdisease~clump+clumpsize+size,data=data) 
m18<-lm(corrdisease~clump+distance+habitat+size,data=data) 
m19<-lm(corrdisease~clump+distance+size,data=data) 
m20<-lm(corrdisease~clump+habitat+size,data=data) 
 
#four way  
 
m21<-lm(corrdisease~clump+clumpsize+distance+habitat,data=data) 
m22<-lm(corrdisease~clump+clumpsize+distance+size,data=data) 
m23<-lm(corrdisease~clump+distance+habitat+size,data=data) 
 
#five way 
 
m24<-lm(corrdisease~clump+clumpsize+distance+habitat+size,data=data) 
 

218



#interactions 
 
m25<-lm(corrdisease~clump*clumpsize,data=data) 
m26<-lm(corrdisease~clump*distance,data=data) 
m27<-lm(corrdisease~clump*habitat,data=data) 
m28<-lm(corrdisease~clump*size,data=data) 
m29<-lm(corrdisease~clump*distance,data=data) 
m30<-lm(corrdisease~clumpsize*distance,data=data) 
m31<-lm(corrdisease~clumpsize*habitat,data=data) 
m32<-lm(corrdisease~clumpsize*size,data=data) 
m33<-lm(corrdisease~distance*habitat,data=data) 
m34<-lm(corrdisease~distance*size,data=data) 
m35<-lm(corrdisease~clump:clumpsize,data=data) 
m36<-lm(corrdisease~clump:distance,data=data) 
m37<-lm(corrdisease~clump:habitat,data=data) 
m38<-lm(corrdisease~clump:size,data=data) 
m39<-lm(corrdisease~clump:distance,data=data) 
m40<-lm(corrdisease~clumpsize:distance,data=data) 
m41<-lm(corrdisease~clumpsize:habitat,data=data) 
m42<-lm(corrdisease~clumpsize:size,data=data) 
m43<-lm(corrdisease~distance:habitat,data=data) 
m44<-lm(corrdisease~distance:size,data=data) 

 
 

AIC ELM: 
 

   df       AIC 
null  2 104.94192 
m0   3 106.65007 
m1   3 106.65007 
m2   3  41.40175 
m3   4 108.37801 
m4   4 108.61369 
m5   3 106.65007 
m6   4  41.87488 
m7   5 108.61519 
m8   4 108.61369 
m9   4  41.87488 
m10  4  41.87488 
m11  5 108.61519 
m12  4 108.61369 
m13  4  43.13093 
m14  5  43.35631 
m15  4  41.87488 
m16  5 108.61519 
m17  4 108.61369 

AIC: MAPLE 
 

     df       AIC 
null  2  50.53077 
m0    5  51.74280 
m1    3  46.90128 
m2    3  42.08646 
m3    4 108.37801 
m4    5  51.74280 
m5    4  44.14021 
m6    5  41.59597 
m7    5 108.61519 
m8    5  51.74280 
m9    5  41.59597 
m10   4  43.92404 
m11   5 108.61519 
m12   4  44.14021 
m13   4  43.13093 
m14   5  41.59597 
m15   5  41.59597 
m16   5 108.61519 
m17   4  44.14021 
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m18  6  43.99452 
m19  5  43.35631 
m20  6 110.17029 
m21  5  42.37571 
m22  5  43.35631 
m23  6  43.99452 
m24  6  43.99452 
m25  3 106.65007 
m26  5  43.78676 
m27  5 108.61519 
m28  4 108.61369 
m29  5  43.78676 
m30  5  43.78676 
m31  5 108.61519 
m32  4 108.61369 
m33  5  44.76677 
m34  7  46.84384 
m35  3 106.65007 
m36  4  42.06766 
m37  5 108.61519 
m38  4 108.61369 
m39  4  42.06766 
m40  3  40.58896 
m41  5 108.61519 
m42  4 108.61369 
m43  4  43.39786 
m44  5  43.64295 

 
 
 

m18   6  43.99452 
m19   5  41.59597 
m20   6 110.17029 
m21   5  42.37571 
m22   5  41.59597 
m23   6  43.99452 
m24   6  43.99452 
m25   4  44.14021 
m26   6  43.12378 
m27   5 108.61519 
m28   5  51.74280 
m29   6  43.12378 
m30   5  42.52977 
m31   5 108.61519 
m32   4  44.14021 
m33   5  44.76677 
m34   6  43.12378 
m35   4  44.14021 
m36   5  43.28439 
m37   5 108.61519 
m38   5  51.74280 
m39   5  43.28439 
m40   3  44.51414 
m41   5 108.61519 
m42   4  44.14021 
m43   4  43.39786 
m44   5  43.28439 
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DOGWOOD ANTHRACNOSE IN THE E.S. GEORGE RESERVE:  THE RISE OF 
DISCULA DESTRUCTIVA 

COLIN DONIHUE, LESLIE MCGINNIS, JANE REMFERT, YI HOU, SEMOYA 
PHILLIPS, JOHN VANDERMEER, DAVE ALLEN, LIZ HOOD 

Abstract: Flowering dogwood is a common and important understory tree 
in Eastern North America. Within the last several decades though a fungal 
disease, Disculus destructiva has had a severe effect on these populations. 
D. destructiva, has hit the E.S. George Reserve and in this study we 
analyzed spatial patterns in the disease and attempted to find a radiation 
locus. After a one-day survey we were able to collect information on many 
of the dogwoods in the ESGR and found patterns both in the clumps of the 
diseased trees and a possible center of radiation of the fungal spores. Our 
data show that trees in close proximity will be significantly more likely to 
be infected with the fungus suggesting that spore dispersal is highly 
localized but in order to accurately asses the potential danger of this 
disease more work should be done to determine the mechanism of its 
spread. 

INTRODUCTION 

Flowering dogwood (Cornus florida L.) is a shade-tolerant subcanopy tree that 
ranges from northern Maine to the Gulf of Mexico (Rossell et al, 2001). Historically, it 
was one of the most abundant understory trees in Eastern North America. C. florida has 
many important ecosystem functions; its fruit is consumed by at least forty species of 
migratory and over-wintering birds, as well as mammals, (Rossell et al, 2001) and is also 
an important source of calcium deposition for snails (Nation, 2007). 

It is clear that dogwoods are an integral part of the forest understory.  For this 
reason, Discula destructiva, the fungus that causes dogwood anthracnose, is a pathogen 
of concern.  Dogwood anthracnose is a fungal disease that thrives in wet areas, such as 
moist coves, or in high altitude populations of Cornus spp. (Rossell et al, 2001). The 
disease progressively attacks all aboveground tissue of infected trees.  Leaves of infected 
trees typically have irregular light brown leaf-spots occasionally with reddish-brown 
borders indicating environmental stress on the fungi.  These may be concentrated around 
the lower edges of the leaf but also may appear scattered across the lamina. Under 
favorable fungal conditions, the other type of spot forms a leaf blight with black, water-
soaked lesions, typically initiating at the leaf tip and expanding upward along the midvein 
into the twig. The disease also cause epicormic branching and stem cankers (Holzmueller 
et al, 2006).  Epicormic branching is an irregular branching pattern in which very small 
twigs emerge from the main trunk of the tree.  Stem cankers are areas on the stems where 
the bark has been attacked by the fungus and consequently has begun to peel away from 
the stem and fall off. 

Upon surveying the trees in the Big Woods plot at the E.S. George Reserve in 
2003 and 2008, it was noted that many individuals of C. florida were dying. We surveyed 
these trees to find out how many of them were infected with dogwood anthracnose and 
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whether or not we could determine the spatial origin and pattern of the disease within the 
plot. We also set out to observe whether or not the intensity of the disease is density 
dependent.  

METHODS 

Estimating intensity of infection 

We surveyed C. florida trees in the Big Woods of the ES George Reserve on 
October 10, 2009.  Trees in this plot with a DBH greater than 10 cm were previously 
tagged and mapped.  Using this existing data set, we broke the woods up into a grid and 
attempted to locate all of the C. forida in the grid.  After locating each individual, we 
determined whether or not the tree was infected with Anthracnose and, if it was infected, 
the degree of infection.  Three members of the group provided individual estimates of the 
percent of leaf damage for each tree.  We then calculated an average of our estimates to 
give us the most accurate measurement of percent leaf damage.  We determined the 
degree of irregular epicormic branching and scored it as none, subtle, or obvious.  
Finally, we counted the number of cankers present on the trunk and branches of each 
tree.   

Finding the center of disease 

During 2008 researchers recorded all of the dead C. forida trees and noted if they 
were standing, fallen, or missing.  Using the locations of the standing dead trees we then 
calculated the average x and y values corresponding to the grid and made this point the 
“center” of the infection.  We then calculated the distance of each tree to the center of 
infection using the Pythagorean Theorem.   

Distance to nearest dead neighbor 

The center of disease was calculated by finding the average x and y coordinates 
for every dead C. florida as noted in the 2008 census.  Stems noted as crushed, fallen, 
missing or those that had no notes were not included in the matrix.  Triangulation of the x 
and y coordinates of every live stem with the center of disease coordinates and the x and 
y coordinates of every dead stem gave us the distance between every live and every dead 
stem.  Sorting these data we found the nearest dead neighbor for each living stem. 

RESULTS 
 
Finding the center of disease 

Figure one shows the distribution of Cornus florida in the Bigwoods plot of the 
E.S. George Reserve for 2008, the most recent complete census.  Data on dead Cornus 
florida stems from 2008 gave us the center of disease from which we examine its spread 
throughout the stand.  The center of disease, the average distance between dead 
individuals--using all dead Cornus florida in 2008 except those that were fallen, crushed, 
missing or had no notes, was x coordinate 150 and y coordinate 159.   
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Figure 1 position of dead and living C. floridain the E.S. George Reserve. 
 

 
 
 
Center of disease in relation to infection 

Knowing the center of disease, we can see that uninfected individuals were at a 
much greater average distance from the center of disease than infected individuals (fig 2)  
Figure 3 shows the distribution of Cornus florida that are uninfected (blue circles) and 
infected (pink circles), percentage of infected leaves, being a visual estimation.  The 
diameter of the circles in this plot correlates to the percentage of leaves that were 
attacked by Discula sp.  Regression analysis of percentage of leaves attacked versus the 
distance to the nearest neighbor, as calculated by the distance matrix, showed a 
significant correlation, p<0.018 (fig 4).  Trees closer to an infected neighbor had a greater 
percentage of leaves attacked by Discula sp. 
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Figure 2 The distance from the center of disease of infected (disease) and uninfected (no disease) 
individuals. 

 
Figure 3 Percentage of leaves attacked in infected individuals 
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Figure 4 Plot showing the relation between percentage of leaves 
attacked and distance to nearest dead neighbor. 

 
 
 

DISCUSSION 
 
Finding the center of disease 
 In order to find the center of disease, we had to decide which dead C. florida 
individuals to include in our calculation.  Depending on which individuals were used, the 
center of disease shifted up on the y axis and to the right on the x axis.  This could have 
been due to a variety of reasons, the most probable being that either that was where the 
center of disease was located, or that due to differences in note taking of the surveyors we 
were not including individuals that should have been.  It seemed that the dead C. florida 
individuals with no notes were clumped together, down and to the left, and therefore the 
lack of notation that the individuals in that area were standing would have shifted our 
center of disease up and to the right. 
 
Center of disease in relation to infection 
 After constructing a distance matrix from a living C. florida individual to its 
nearest dead neighbor, we found a correlation between intensity of infection and 
proximity to dead neighbor. C. florida trees that were closer to a dead neighbor had a 
larger percentage of leaves infected by D. destructive (p<0.018).  This indicates that 
though these fungal spores may be distributed farther if caught by the wind (Timothy 
James, personal communication), most of the fungal spores released will fall before they 
travel very far from their origin.  The conidia (spores) of D. destructiva can also be 
distributed by the frass of beetles that consume infected leaf tissue (Hed et. al, 1999).  
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However, in this system it seems that if beetles are consuming infected tissue, they do not 
travel far before releasing frass. 
 
Future study  

Several factors determine the probability of infection and the subsequent severity 
of the dogwood anthracnose disease. These factors include light availability, moisture, 
and the evaporative potential of the leaf surface (Hibben & Daughtrey, 1988). Future 
study can test if disease symptoms are different on north facing slopes and south facing 
slope due to the sunlight differences; and in understory canopies  and in exposed canopies  
due to different evaporative potential. Influence of canopy microclimate on incidence and 
severity of dogwood anthracnose can be tested as well.  Incidence and severity of 
dogwood anthracnose within the interior and exterior canopies of exposed dogwood trees 
and canopies of understory trees can be recorded over a longer time period.  
Measurements of vapor pressure deficit, air temperature, evaporative potential, and 
photosynthetically active radiation the canopies can be recorded (Chellemi and Britton, 
1992); so that we can see the disease incidence, disease severity between lower in the 
exterior canopy of exposed trees and in other canopy locations.   Understanding the 
pathways the fungal spores use for dispersal will greatly help our understanding of this 
disease.  Future study can be done on the mechanisms of spore dispersal on the ESGR. 
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PREDICTION OF DISCULA DISTRUCTIVA SEVERITY IN DISTINCT CORNUS FLORIDA 
PATCHES 

 

HYUNMIN HAN 

Abstract. Field observation of the severity of dogwood anthracnose was observed 
and compared with a predictive model using density of flowering dogwood and the 
distance from the initially infected individual. Islands in the Big Swamp of the E.S. 
George reserve was used as independent patches with varying dogwood densities and 
distances from the initial infection to test this model. I found that density of 
flowering dogwood and the distance from the initial infection were important 
parameters in determining the disease severity for patches of dogwood in a landscape. 
This has important implications for the heavy use of dogwood in forest edge 
restoration and nursery management 

INTRODUCTION 

 Dogwood anthracnose is a fungal disease that causes heavy mortality in the flowering 
dogwood, Cornus florida (Daughtery and Hibben 1994). The fungal agent, Discula destructiva, 
is the pathogen that causes this anthracnose and is considered to be an exotic species from Asia 
(Holzmueller et al. 2006). The reproductive structures of D. destructiva are formed in spring 
underneath leaf spots and on the surface of twig cankers; asexual spores emerge and disperse by 
splashing rain and longer distance dispersal may be assisted by insects and birds (Holzmueller et 
al. 2006; Sherald et al. 1996). D. destructive colonies reach the bole of the infected Cornus 
florida individuals, where the cankers develop, and eventually kills the tree by girdling the 
tissues (Mielke and Langdon 1986).  

Recent analytical models of plant disease dynamics focused on SIR (susceptible-infected-
removed) models modified to include pathogen demographics and/or host spatial structure 
(Scherm et al 2006). Moreover, fungal disease epidemic in plants is heavily influenced by the 
density of the host plants because usually the mode of transmission is through direct spore 
contact (Blandino et al. 2008).  

The direct mode of transmission, asexual spores dispersed by environmental condition, 
and its distinct reproductive season, once in spring every year, comprises a very simple 
prediction that Dogwood anthracnose severity of a given patch of C. florida may be a function of 
the distance from the initial infected individual and of dogwood density. However, defining 
distinct patches of susceptible individuals can be extremely difficult in observing an epidemic. 
Islands can be ideal to define distinct susceptible individuals as a patch and observe the disease 
dynamic (Hess 1996).  

Here we use island patches of C. florida in swamps, each island as a replicate of an 
independent disease event. I hypothesize that the severity of the disease for a patch can be 
predicted as a function of density of the susceptible and the inverse of the distance from the 
initial infected individual. The goal of this study was to formulate a model to accurately predict 
the severity of Dogwood anthracnose in C. florida patches.  
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METHODS 

Study Site 

The study site was the islands of the Big Swamp of the ES George Reserve in Pinckney, 
Michigan.  A total of four islands, West Duloticus Island, East Duloticus Island, Little big Island 
and Big Island were observed for D. destructiva presence on C. florida. Because of the distinct 
spring to winter infectious period and a subsequent mortality regime, the first observed 
individuals infected with D. destructiva can be assumed to be the first infectious cohort 
(Holzmueller et al. 2006; Sherald et al. 1996). Consequently, the initial infectious dogwood 
individual was estimated by calculating the convergence point between the distances of the 
initially diseased individuals who were first observed with mass mortality (Hood et al. 2009). 
Consequently the distance from the initial infected individual was calculated from this 
convergence point (shown as a red square in the map below).    

 

Disease Severity 

 Every C. florida individual was estimated of its disease severity. D. destructiva initially 
attacks all aboveground biomass; the edges of the leaves on the lower branches show the first 
symptoms of the disease, developing necrotic tissue (Britton 1994). Therefore, the lower 
branches leaves were used as a proxy to disease severity. Leaves in the first three lowest 
branches were counted as the representative total leaf number. Likewise, leaves with necrotic 
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tissue were counted in the first three lowest branches and the proportion of the diseased leaves to 
total leaves in the first three lowest branches is used as a proxy to the disease severity of that C. 
florida individual. The disease severity was calculated as the number of infected leaves over the 
total number of leaves in the three branches that was observed for individual tree.  

 

RESULTS 

 For each island, the distance from the center of disease and density of C. florida was 
recorded (table 1).  The center of disease was closest for East Duloticus Island and furthest for 
Big Island. Also, the density was highest for East Duloticus Island and furthest for Big Island. 

Table 1. C. florida count and abiotic factors of the Big Swamp islands 

  Big  Little Big  E. Duloticus  
W. 
Duloticus  

Area (m2) 80571 15003 10558 7224 

Density (count/m2) 0.000273051 0.00319936 0.005304035 0.003322259 
Distance (m) from center of 
disease 370 345 285 230 

 

 Disease severity of C. florida individuals was highest for Duloticus East Island and 
lowest for Big Island (Fig.2); the disease severity was significantly higher than the other three 
islands.  Big Island, Little Big Island and Duloticus West did not show significant differences in 
disease severity (p-value>0.05).  

Fig 2. Disease Severity of  C. florida 
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Expected Disease Rate 

The expected disease severity was calculated as a linear function of density of C. florida 
over the distance from the initially infected individual, as shown below.  

 

The expected disease severity were compared with actual disease severity and a 
correlation was shown giving insight into a possible linear relationship (R2 value = 0.673) (Fig 
3.). Consequently, we assumed a linear relationship withheld for the expected disease severity 
and the actual disease severity. 

Fig 3. Expected Disease Severity vs. Actual Disease Severity of  C. florida 

 

 

Predictive model  

 The linear model for predicting the severity of dogwood anthracnose was formulated as 
the following: 
 

     

Whereas α is the coefficient value to minimize the mean squared error of the prediction. 
Therefore, the expected disease severity was adjusted with α  to predict the actual disease rate 
precisely. This α  value was calculated to be 14509. The adjusted disease rates were better 
predicting than the model without α (R2 value = 8277), though the regression between adjusted 
expected disease severity and actual disease severity were marginally significant (p-value = 0.09) 
(Fig. 4) . The calculated mean squared error in between the predictive disease severity and the 
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actual disease severity was 0.006. Compared to other fungal pathogen models in plants this was a 
relatively high measure  

Fig.4 Adjusted Expected Disease Severity vs. Actual Disease Severity 

 

DISCUSSION

Density and distance from the initial infected individual are two parameters that 
effectively predict the disease severity of an isolated patch (Fig.4).  

Density  

Fungal disease in plant is heavily influenced by the density of the host because of the 
mode of transmission (Blandino et al. 2008). D. destructive exhibit asexual and sexual 
reproduction, where the spores are transmitted directly (Holzmueller et al. 2006). Consequently, 
the density of C. florida might be a function of the disease severity. Although this relationship 
does not necessarily confer a linear relationship, at high densities a more linear relationship 
between fungal pathogen infectious rate and host density can be observed (Blandino et al. 2008). 
The geographic location of the patches themselves can contribute to the relatively effective 
predictive power of dogwood anthracnose. C. florida is a primary sucessional species that tends to 
colonize wet and damp environments in high densities (Holzmueller et al. 2006). The relatively high 
density rates compared to other areas of the E.S. George reserve on the islands may have made 
an ideal setting to see the density-dependent disease transmission for different settings.  

Distance from the initial infection 

For a given infectious disease model, secondary infection from a single infected 
individual, R0 value for an SIR model, is the single most important parameter that affect the 
intensity of an epidemic (Hethcote  2000). Moreover for plant disease, the spatial structure of the 
susceptible population from the initial infection is critical in determining the epidemic because of 
their sessile nature (Blandino et al. 2008). Thus, the initial distance from a single infected 
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individual might be an important parameter in predicting the disease rate of dogwood 
anthracnose. 

It is important to note that the spatial distribution of C. florida was markedly different 
from other islands in East Deloticus. East Deloticus is an oak-hickory dominated island with C.  
florida in high densities towards the edges of the island. Towards the inner highlands, C. florida 
were virtually absent. The other three islands had relatively even distributions of C. florida. 
Consequently, an observation of disease severity on an individual basis per islands would 
enhance the predictive resolution of the disease.  

Model Caveats  

 The predictive model used here does not assume an inter-island transmission of a disease. 
Given that rain splashes are a main mode of transmission for D. destructive, transmission of a 
disease will be impacted by the first single infected individual in a patch (Holzmueller et al. 
2006; Sherald et al. 1996).  However, in assessing the patch scale transmission, the study 
assumes equal probability of infection for any individual on an island.  

Implications 

Not only is Cornus florida is a commercially important, but also crucial in maintaining 
forest soil structure by shedding high calcium foliage and thus maintaining calcium content in 
forest soils (McLaughlin and Wimmer 1999). With the loss of many C. florida throughout the 
eastern North America, predicting the disease rate is important to conserve patches of the C. 
florida in forests or nurseries. With density and the distance from C. florida parches being the 
imporatnat variables that determine dogwood anthracnose disease severity, this study supports 
the notion of using heterogeneous matrix being an important barrier of disease spread 
(Holzmueller et al. 2006. Consequently, forest management should avoid the reforestation of wet 
forest edges with fast growing and easy to plant C. florida and use integrative reforestation with 
evenly spaced out specious matrixes.  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PATTERNS AND EFFECTS OF SITOCHROA PALEALIS HERBIVORY ON DAUCUS 
CAROTA IN AN EARLY STAGE INVASION.    

SERGE FARIÑAS, MELISSA BRADY, COLIN DONIHUE, LESLIE MCGINNIS, HSUN-YI 
HSIEH, DAN KATZ, JANE REMFERT, AND IVETTE PERFECTO 

ABSTRACT 

 Sitochroa palealis, a recently introduced lepidopteran and pre-dispersal seed predator 
during the larval stage, has been described as inflicting very high levels of damage on Daucus 
carota. D. carota was itself introduced in the early 1800’s and occupies a very large range in 
North America. We examined the spatial patterns of damage and herbivory and whether the 
ovipositing adult showed preferences in umbel position. We found 54-100% of D. carota 
individuals with signs of predation. There seemed to be no preference in umbel position. We also 
could not detect a relationship between density and the percentage of umbels damaged, however, 
undamaged plants in the high density plot tended to be shorter and in tighter clusters (as 
measured by mean nearest neighbor). Further research is required to confirm whether plants with 
these characteristics do in fact have a higher probability of evading predation.    

INTRODUCTION 

Habitat change through anthropogenic driven processes has likely impacted all biomes to 
some degree (MEA 2005, Ellis and Ramankutty 2008) and is an area of intense study. A large 
portion of the impact is as a result of introduced species which can lead to the extirpation or 
extinction of endemic species (Hobbs and Humphries 1995, Vitousek et al. 1996, Levine 2000, 
Sax et al. 2007, Theoharides and Dukes 2007). Alternatively, human modification of habitats can 
make conditions less favorable to endemic communities and facilitate the expansion of 
introduced species (Didham et al. 2005, Light and Marchetti 2007). Therefore, the reasons and 
mechanisms behind “invasions” probably vary between species. 

 
Daucus carota, a temperate herb, was introduced to North America from Europe in the 

early 1800’s (Sumner 2000). It has come to occupy a very large range, where it is variously 
considered noxious or naturalized (USDA, NRCS. 2009). D. carota is a species of concern as it 
competes for resources with endemic plants (Dale 1974). Sitochroa palealis, a species of 
palearctic moth and pre-dispersal seed predator of D. carota, arrived in 2004 or earlier (Passoa et 
al. 2008). Since then, it has quickly spread over at least 4 states (Passoa et al. 2008) and was first 
reported on the E.S. George Reserve in 2008, with very high rates of impact (Hessler et al. 
2008). S. palealis may be of interest as a biological control for D. carota, however there is also 
concern due to its potential impacts on agricultural carrot varieties (Passoa et al. 2008). In order 
to understand its potential, an assessment of herbivory on D. carota populations must be 
conducted to understand its impacts.   

   
Understanding the events that impact the reproductive stage of a plant is critical to 

understanding its patterns in distribution and abundance (Grubb 1977). As S. palealis is a pre-
dispersal seed predator, it could potentially have a large effect on both. Given the rapid spread of 
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S. palealis, it is likely that the moth is experiencing conditions of relative release from 
competition and predation. Spatial patterns also have an influence on plant-herbivore 
interactions, with fragmentation and density influencing susceptibility to attack (Dale 2000).   

 
Our questions were 1) what is the incidence and degree of damage to D. carota 

individuals 2) what are the spatial patterns in herbivory 3) do S. palealis, ovipositing females 
show any preference in umbel position. This research will help inform future work on the 
impacts of both species to North American plant communities and the other potential effects of 
S. palealis dispersal.  

 
MATERIALS AND METHODS 

 

Study Site 

 Field sampling was conducted at the Edwin S. George Reserve (42.4456, -84.0180), a 
525 hectare area of mostly rugged moraine and basin topography located in Livingston County, 
Michigan. It lies on the northern edge of an interlobate moraine and is mostly covered by oak-
hickory forests, followed by grassy old fields. Soils are patchy in distribution but mostly 
classified as sandy loam. 

Study Organisms 

 Daucus carota, or Queen’s Anne’s Lace, is a biennial species of the family Apiaceae 
native to temperate regions of Europe and southwest Asia (Sumner 2000). It was introduced to 
North America in the early 1800’s as a medicinal plant (Sumner 2000). It generally occupies dry 
fields, roadsides, and waste places (Miller and Miller 2005).  

 Sitochroa palealis is a seed predator of plants in Apiaceae (Passoa et al. 2008). Its 
original distribution was from eastern Russia, to England, and south to Greece (Karsholtand 
Razowski 1996). It has even been reported in Asia (Park 1979). 

 
Sampling protocol 

 
 5 plots (5 x 5m) were selected in open fields of varying D. carota density, high to low. 
All individuals within the plots had the following variables measured: plant height, distances to 2 
nearest neighbors of the same species, umbel position (Figure1), and presence of umbel damage 
due to S. palealis. Evidence of predation was based on presence of larvae, presence of frass, seed 
damage and silk webbing in the umbel. Distance to nearest neighbor served as a proxy for 
clustering to quantify spatial patterns in herbivory.  
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 Figure 1. Umbel position. This figure shows the position of  umbels 
relative to the primary, which is the first to develop. 

 

 
 
 

Hypotheses 
 

1. Damage to D. carota individuals will be high, with greater than 50% of plants and 
umbels damaged. 

2. Primary umbels will show a higher percentage of attack than later emerging positions. 
3. D. carota in dense aggregations will show greater amounts of damage relative to those in 

less dense. 
 

RESULTS 
 
 Table 1 shows the differences in density between the five plots. Plot 1 showed a much 
higher density relative to the other 4, which were more similar to each other. In all plots, there 
was a high incidence of herbivory by S. palealis on D. carota individuals (Figure 2). The 
percentage of damaged plants in low and medium density plots was 92.3% or 100%, with the 
exception of plot 2 at 54%. 87.4% of plants in high density plot 1 were damaged. 
 
   Table 1. Density of D. carota individuals per m2 of all plots 
 

Plot Density 
1 21.7 
2 1.8 
3 1.4 
4 2.1 
5 0.36 
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 Figure 2. Percentage of plants damaged per plot. 
 

 
 

 There was no statistical difference (p=0.1564) between the mean percentage of umbels 
damaged according to position (Figure 3). However, the means declined with increasing umbel 
order. 

 
Figure 3. Comparison of percent umbels damaged according to umbel position 
for all plots. Wilcoxon-Mann-Whitney test, p=0.1564. 

 

 
  
 Mean distance to nearest neighbor showed a very weak relationship to percentage of 
umbels damaged (R² = 0.0396, p=0.0004 ). There were a great deal of clumped data points, 
especially at 0 and 100%.  
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Figure 4. Mean distance to nearest neighbor vs. percentage of umbels damaged 
for all plots. Linear Regression, R² = 0.0396, p=0.0004. 

 

 
 

 Undamaged plants in plot 1 had a lower mean height than the bootstrap, resample (Figure 
5). There was a low probability that the difference was due to chance (p=0.0132).  

 
 

Figure 5. Comparison of mean height of undamaged plants and the bootstrap 
mean of all plants in plot 1 (n=19). 2 tailed t-test, p=0.0132. 

 

 
  
 Undamaged plants in plot 1 had a lower mean distance to nearest neighbor than the 
bootstrap, resample (Figure 6). There was a low probability that the difference was due to chance 
(p=0.0132). 
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Figure 6. Comparison of mean distance to nearest neighbor of undamaged plants 
and the bootstrap mean of all plants in plot 1. 2 tailed t-test, p<0.0001. 

 

 
 
 

 Undamaged plants in plot 2 showed no difference in mean plant height relative to the 
bootstrap, resample (Figure 7). The probability (p=0.07027) of this result arising by chance was 
greater than our accepted alpha value.   

 
 

Figure 7. Comparison of mean height of undamaged plants and the bootstrap 
mean of all plants in plot 2. 2 tailed t-test, p=0.07027.  

 
 
 

 Undamaged plants in plot 2 showed no difference in mean distance to nearest neighbor 
relative to the bootstrap, resample (Figure 8). The probability (p=0.1398) of this result arising by 
chance was greater than our accepted alpha value.   
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Figure 8. Comparison of mean distance to nearest neighbor of undamaged plants 
and the bootstrap mean of all plants in plot 2. 2 tailed t-test, p=0.1398. 

 

 
 

 Table 2 shows there was no significant relationship between proportion of umbels 
damaged and plant height for all plots, with the exception of plot 4. Data was analyzed on a per 
plot basis to control for environmental variability.   

 
Table 2. R2 and p-values for correlations between proportions of umbels 
damaged and plant height for all plots.   

 

Plot  R2 p-
value 

1 0.0068 0.3373 
2 0.0312 0.1694 
3 0.0321 0.3000 
4 0.1522 0.0008 
5 N/A N/A 

 
 
 
 

DISCUSSION 
 

 Herbivory by S. palealis on D. carota was widespread. In most plots, relatively few 
individuals escaped predation. This suggests that the moth is not only established (Passoa et al. 
2008) but may be operating under conditions approximating unlimited resources and competitive 
release. Its rapid expansion in a span of about 5 years is also suggestive of this. Most umbels on 
standing individuals were damaged and the difference in percentage of umbels damaged by 
position was not significant. This suggests that the ovipositing adult has no preference or simply 
that the moths are in such numbers that they overwhelm the plants. 
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 In examining the plots as a whole, there was no relationship between mean distance to 
nearest neighbor and percentage of umbels damaged, with the exception of plot 4. It is not clear 
why this is the case, especially in relation to the other plots of similar density. Perhaps the 
intensity of herbivory was higher. The undamaged plants of plot 1 shared the characteristics of 
being shorter and in tighter clusters. Shorter plants in these dense clusters may therefore have a 
higher probability of being overlooked. Alternatively, they may be late season growers and are in 
effect temporally evading ovipositing S. palealiss. 
 
 There may be an effect of not only patch density but also patch size on predation (Reeve 
1987, Cappuccino 1988). The overall size of the patch was not quantified, but from personal 
observation, the patch size in which plot one was located was much larger than all the others. 
Perhaps, these differences had an effect on the incidence and patterns of predation. 
 
 The only other plot with a sufficient sample size of undamaged plants to analyze was plot 
2. The mean height and distance to nearest neighbor was not different from the result you would 
expect by chance. This may be further support that shorter, more tightly clustered plants have a 
higher probability of escaping predation.  
 
 There was no effect of proportion of umbels damaged on plant height. We only measured 
one variable as an indicator of plant health, so it is probable there is an effect we could not 
detect. Another possible explanation is umbels are not attacked until late in development. The 
inflorescences are terminal and therefore most of the growth may be completed by the time they 
are attacked.  
 

CONCLUSION 
 

 Overall herbivory on D. carota was very high, however, it seems that under certain 
conditions some may be escaping predation altogether. Due to the scope of this investigation, we 
cannot establish a precise explanation but it may be due to temporal evasion or being overlooked 
in higher density clusters. Lower height could be a contributing factor. Future research should 
examine questions concerning the chemical defenses of North American D. carota populations 
relative to European ones. Anti-herbivory compounds come at metabolic cost and so over the 
course of nearly 2 centuries of relative predatory release, individuals with a lower concentration 
could have been selected for. The effect of patch size and predation rates among isolated D. 
carota individuals should be addressed.  
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THE TEMPORAL EVASION OF INTENSE SITOCHROA PALEALIS HERBIVORY BY 
LATE BLOOMING DAUCUS CAROTA   

SERGE FARIÑAS 

ABSTRACT 

 Daucus carota has come to occupy an extensive range in North America 
since its introduction. A more recent introduction, Sitochroa palealis is a pre-
dispersal seed predator of D. carota and has inflicted a great deal of damage to the 
herb where it has spread. In this study, I examined the traits associated with 
plants, both in high density areas and isolated, that escaped herbivory in order to 
find a pattern. Undamaged D. carota showed a lower mean height and shorter 
mean distance to nearest neighbor relative to damaged. Undamaged plants also 
showed lower means for the two variables relative to bootstrap means. Isolated 
plants were shorter than either damaged or undamaged and most were still 
photosynthetic, with some flowers. The shorter plants are likely late blooming and 
growing individuals. These findings support the idea of temporal evasion of some 
D. carota to S.palealis herbivory. There may also be an evasion advantage for 
plants in tighter clusters.        

INTRODUCTION 

Daucus carota, a biennial herb of temperate regions, was introduced to North America 
from Europe in the early 1800’s (Sumner 2000). Since then, it has come to occupy an extensive 
range in the United States and Canada, where it is often considered a pest or simply naturalized 
(USDA, NRCS. 2009). D. carota is a species of concern as it can outcompete many endemic 
plants (Dale 1974). Sitochroa palealis, a lepidopteran pre-dispersal seed predator of D. carota 
arrived in the early 2000’s and has spread to at least 4 states (Passoa et al. 2008). It was first 
reported in the E.S. George Reserve in 2008 (Hessler et al. 2008). S. palealis has potential as a 
biological control for D. carota although there is concern that it may also exploit agricultural 
carrot varieties (Passoa et al. 2008).  

 
S. palealis has inflicted a great deal of damage on D. carota, with the majority of 

standing individuals and their umbels showing evidence of predation (Hessler et al. 2008, 
Fariñas et al. 2009). There does not seem to be any preference by the ovipositing adult or larvae 
for umbel position (Fariñas et al 2009). In examining spatial patterns of herbivory, there have 
been conflicting results. Hessler et al. (2008) found undamaged plants tended to be located away 
from dense clusters whereas Farinas et al. (2009) suggests the opposite may be true in very dense 
fields. Fariñas et al. (2009) also found undamaged D. carota tended to be shorter than damaged 
ones.  

A limitation of the Fariñas et al. (2009) study was having only one replicate of the high 
density field. In order to verify if the pattern in undamaged plants is a real one and understand its 
drivers, I conducted a more thorough sampling of high density areas. I also included isolated 
plants, in order to gain a more complete representation of the population. My questions were 1) 

243



are undamaged D. carota shorter and in tighter clusters, relative to damaged,  in high density 
fields and 2) what is the incidence and degree of herbivory on isolated individuals.     

 
Hypotheses 

 
1. Undamaged D. carota will have a lower mean height and shorter mean distance to 

nearest neighbor relative to damaged.  
2. Isolated D. carota will have lower number of individuals and percentage of umbels 

damaged relative to those in high density plots. 
  

MATERIALS AND METHODS 
 

Study Site 

 Field sampling was conducted at the Edwin S. George Reserve (42.4456, -84.0180) on 
October 18th 2009. It is a 525 hectare area of mostly rugged moraine and basin topography 
located in Livingston County, Michigan. It lies on the northern edge of an interlobate moraine 
and is mostly covered by oak-hickory forests, followed by grassy old fields. Soils are patchy in 
distribution but mostly classified as sandy loam. 

Study Organisms 

 D. carota, or Queen’s Anne’s Lace, is a biennial species of the family Apiaceae native to 
temperate regions of Europe and southwest Asia (Sumner 2000). It was introduced to North 
America in the early 1800’s as a medicinal plant (Sumner 2000). It generally occupies dry fields, 
roadsides, and waste places (Miller and Miller 2005).  

 S. palealis is a seed predator of plants in Apiaceae (Passoa et al. 2008). Its original 
distribution was from eastern Russia, to England, and south to Greece (Karsholtand Razowski 
1996). It has even been reported in Asia (Park 1979). 

 
Sampling protocol 

 
 3 plots (5 x 5m) were selected in a high density field dominated by D. carota. Within 
each plot, 2 subsamples (1 x 1m) were established. All individuals within subsamples had the 
following variables measured: plant height, distances to 2 nearest neighbors of the same species, 
number of umbels, and number of umbels damaged due to S. palealis. Evidence of predation was 
based on presence of larvae, presence of frass, seed damage and silk webbing in the umbel. 
Distance to nearest neighbor served as a proxy for clustering to quantify spatial patterns in 
herbivory. Isolated D. carota were located by active searching along Esker road. No more than 6 
individuals were concentrated within a 5 x 5m area. A total of 26 were recorded. 

 
RESULTS 

 
 High density plots had 21.7-41 individuals per m2 (Table 1). They also showed a very 
high prevalence of damage (Figure 1) with 85.5% of D. carota and 62.8% of umbels damaged. 
Isolated individuals showed no damage and were the only ones with viable flowers remaining 
late into the season. 
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 Table 1. Mean number of D. carota per m2 in high density plots. 
 

Plot Density  
1 41 
2 26.5 
3 21.7 

 
 
 Table 2. Damage to D. carota individuals and umbels. 

 

Plot Type 
 

Plants 
attacked 

 

Umbels 
damaged 

 

Flowered 
Umbels 

 
High 

Density 85.5% 62.8% 0 

Isolated 0% 0% 17 
 
 
Undamaged D. carota had a lower mean height than damaged (Figure 1). Isolated individuals 
showed a lower relative height than either. Undamaged individuals also showed a shorter mean 
distance to nearest neighbor than damaged (Figure 2).  

 
Figure 1. Comparison of mean height for undamaged, damaged and isolated 
plants. Bars are the standard deviation of the mean. Tukey post-hoc test, 
p<0.0001. 
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Figure 2. Comparison of mean distance to nearest neighbor for undamaged and 
damaged plants in high density plots. Bars are standard deviation of the mean. 
Wilcoxon-Mann-Whitney test, p=0.0055. 

 

 
  
 The mean height of undamaged plants was lower than the bootstrap mean for all plants in 
high density plots (Figure 3). Undamaged plants also showed a shorter mean distance to nearest 
neighbor than the bootstrap mean (Figure 4).     
 

Figure 3. Comparison of the mean height of undamaged plants to the bootstrap, 
resample mean for all plants in high density plots (n=39). Data was resampled 
10,000 times. 2 tailed t-test, p=0.0003.  
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Figure 4. Comparison of the mean distance to nearest neighbor for undamaged 
plants to the bootstrap, resample mean for all plants in high density plots (n=39). 
Data was resampled 10,000 times. 2 tailed t-test, p=0.0013.  

 

 
 

DISCUSSION 
 

 Consistent with previous findings (Hessler et al. 2008, Fariñas et al. 2009), there was a 
high degree of damage to D. carota individuals, with the majority of umbels showing clear 
evidence of herbivory. This further reinforces the idea that S. palealis is well established and 
could have significant impacts on the population. I expect, given the moth’s quick expansion 
over 4 states (Passoa et al. 2008), it will continue to spread rapidly through D. carota’s range 
under conditions of effective predator and competitive release.  
  
 The observation of undamaged D. carota being shorter and in denser aggregations 
(Fariñas et al. 2009) was confirmed. Fariñas et al. (2009) suggested temporal evasion as an 
explanation why shorter plants had a higher probability of escaping predation. The reason they 
are short may simply be due to late emergence and growth. By producing inflorescences later, 
they no longer match the reproductive cycle of S. palealis. Undamaged plants may also receive 
an enhanced ability to evade by being in dense clusters. Perhaps this is explained by 
“overwhelming” S. palealis with resources or being closer to more developed and attractive 
neighbors.  
 
 From personal observation, the isolated D. carota were almost all photosynthetic and so 
were  at the edge of the growing season. Some individuals bore viable flowers. As isolated D. 
carota showed no signs of predation and were shorter than both undamaged and damaged, it is 
likely they also avoided the reproduction cycle of S. palealis. The mutually reinforcing evidence 
from high density plots and isolated plants further supports the idea of temporal evasion. 
 
  The large amounts of damage on D. carota may create a strong selection pressure on the 
population. As late growing and flowering individuals are escaping predation, their fecundity 
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rates relative to earlier plants may increase. This effect may be limited, however, by an opposing 
pressure from the timing of pollinators. Future research is needed to address the effects of S. 
palealis on D. carota reproduction, abundance, distribution, and the potential responses to heavy 
predation.        
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USING MACROINVERTEBRATES TO TEST THE EFFECTS OF DAM REMOVAL ON WATER 
QUALITY 

 
MAIRIN BALISI, MEGAN BANKA, JOHN BERINI , MELISSA BRADY, EVAN CHILDRESS, 
COLIN DONIHUE, SERGE FARINAS  AND  DR. GERALD RAY SMITH 
 

Abstract. The proposed removal of Argo Dam in Ann Arbor is contentious. Proponents 
state that removing the dam would help return the stream to a more natural state, 
improve the water quality, and provide a better habitat for fish. Opponents mention that 
removing the dam may, at least in the short term, make the water quality and habitat 
worse because of siltation downstream of the dam site. We wanted to lend quantitative 
arm to this debate by determining the health of a stream where a dam was removed, 
using macroinvertebrates as indicators of stream health. We sampled the population of 
macroinvertebrates above and below the site of a dam removal, and compared this to the 
Huron river as a control. We used species rarefaction to compare the diversity of 
Ephemeroptera, Plecoptera and Trichoptera among the study sites. While we found no 
significance differences in macroinvertebrates diversity, we did notice some qualitative 
differences between the study sites that points toward further research.  

 
INTRODUCTION 

 Argo Dam, spanning a section of the Huron River in Ann Arbor, MI, was constructed in 1920 
by Detroit Edison for hydroelectric power.  However, in 1963 its profitability was deemed to be poor; 
since then, the dam has served only for recreational activities such as rowing and fishing (Riggs 2003).  
Within the past year, as its age renders more apparent the environmental and financial costs of its 
maintenance, the subject of its removal has become a center of debate.  
 Proponents of removing Argo Dam cite the following reasons: a cleaner and healthier river 
resulting in improved habitat for fish and wildlife; natural control of invasive species; flood control; 
revitalization of the northern gateway to the city; and saving city funds that would otherwise be 
allocated for dam maintenance (Huron River Watershed Council 2009).  Dam removal would also 
eliminate obstructions to animal migration, restore natural habitat and flow variations, minimize 
siltation of above-dam habitat, allow small rocks and nutrients to pass below the dam, reduce unnatural 
temperature and oxygen variations, and remove turbines that kill fish (Hill et al. 1993; Estes et al. 1993; 
Collier et al. 1996).  
 However, dam removal has also been demonstrated to cause negative impacts.  These impacts 
have been determined to be significant only in the short term; however, they include events of 
potentially large magnitude, such as particulate suspension downstream, increased siltation of 
downstream spawning and feeding grounds, upstream invasion by exotic species, and an unstable 
environment due to the absence of the regulated flow previously produced by the dam (Weitkamp and 
Katz 1980; Wik 1995).  
 Examining another dam that was removed within the past year would provide an opportunity to 
evaluate the effects of dam removal.  Mill Pond Dam (42.3391, -83.8905) spanned Mill Creek, a 
tributary of the Huron River that runs through Dexter, MI; this dam was removed in November 2008.  
This study examines whether or not the stream water quality at the Mill Pond Dam site has improved 
within one year after dam removal.  
 Benthic macroinvertebrates have been used as indicators of stream water quality since 1928 
(Richardson 1928).  Specifically, the insect orders Ephemeroptera (mayflies), Plecoptera (stoneflies), 
and Trichoptera (caddisflies), which are aquatic as juveniles, are considered intolerant of poor water 
quality.  EPT indices are therefore commonly used to test biological responses to disturbances in 
aquatic environments (Bednarek and Hart 2005).  The higher the EPT species richness and abundance 
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in a river or similar body of water, the healthier the water is considered to be.  
 Using macroinvertebrates as bioindicators of water quality, we aim to determine how 
macroinvertebrate species richness and abundance vary between sites immediately upstream and 
downstream of the former Mill Pond Dam.  We also compare the macroinvertebrate diversity at the 
Mill Pond Dam site to that at a control site on the Huron River.  We hypothesize that, one year after 
dam removal, EPT species richness and abundance will be significantly higher at the Huron River site 
than at the former site of Mill Pond Dam.  
 

METHODS 
 On September 13th, 2009 we sampled macroinvertebrates from sites above and below the the 
Mill Pond Dam at Mill Creek. We used the Huron River as a control site. At each of the three sites, we 
retrieved twelve cobble-sized rocks, and we removed all visible macroinvertebrates on these rocks and 
stored them in ethanol. Counts of individuals and species were done on a per rock basis. A count was 
done of species in four major groups: Ephemeroptera, Plecoptera, Trichoptera and other. Within these 
groups, a count of morhpo-species was done. At the site upstream of Mill Dam, all macroinvertebrates 
were not removed due to time restraints and the sheer number of individuals on the rock. We used a 
species rarefaction curve, calculated in Estimate S, to assess if there were differences in the number of 
species found at each site. Estimate S uses a resampling technique to estimate the number of species 
found in a population using collected samples.  
 

RESULTS 
 No species of Plecoptera were found in any samples. Our rarefaction curve shows that there is 
no significant difference between the species number found at the upstream and downstream sight, 
though there seems to be some difference between Mill Creek and the Huron. 
 
Figure 1: Below is the species accumulation curve for the three habitats.  Upstream and downstream of the damn both 
plateaued. The difference between the two is not statistically significant. The Huron river samples did not plateau, and the 
number of species in this habitat is significantly higher than the other habitats. 
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DISCUSSION 
 The species rarefaction curve showed no differences between the total number of all species 
upstream and downstream of the dam.  However, differences between the upstream site and the Huron 
River and between the downstream site and the Huron River were made manifest. The Huron was not 
an ideal choice for a control; river span and water temperature were not measured quantitatively, but 
qualitatively the Huron River site was much wider and noticeably warmer than Mill Creek.   
Differences between the Huron River site and the dam sites may be due to the influence of the dam 
removal or may just represent natural variation in the habitat.    
 In addition to river span and temperature, our study did not measure or control for several other 
factors including flow rate, rock shape, rock size, and siltation. The sampled rocks were of roughly 
equal size, judged only by sight.  At the Mill Creek site, we encountered difficulty in finding enough 
rocks; consequently, the rocks were highly variable. At all sites, sampled rocks also had many 
qualitative differences: some were smooth, others were heavily grooved, and some seemed to be old 
bricks or cinder blocks. These differences appeared to affect the number of species and individuals 
found on the rock: smooth rocks, which tended to be silted only lightly, appeared to hold fewer species 
and individuals than heavily grooved rocks.   
 Another source of significant error in this study is the method in which data were recorded.  
While the data for Ephemeroptera and Trichoptera were recorded uniformly, with number of species 
and individuals, the data for Other were recorded in a cumulative format, such that Other species and 
individual numbers could not be analyzed alongside Ephemeroptera and Trichoptera numbers.  Had all 
data been recorded in the same way, more analysis – and significance – may have been possible.   
 While our initial results indicate differences between the control site and the dam sites, further 
research is necessary to determine whether the differences are due to the dam removal.  Future studies 
on dam removal may find it useful to focus on one dam site, examining it before and after removal.  
This method would control more efficiently for stream order, water temperature, and flow rate, among 
other confounding variables. Future studies may also benefit from specific definitions of “long term” 
and “short term” in the context of aquatic communities – definitions that may differ from the context of 
terrestrial communities – and from periodic repetitions (per week / per month / per year) of sampling.  
More reconnaissance work should be done to determine a more appropriate control site. A study like 
ours, conducted over the course of one day, is only a snapshot of how a body of water evolves in 
response to dam removal.  To tell a complete story, a study would ideally follow a stream as it changes 
over time. 
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RE-EVALUATION OF DAM REMOVAL:  
USING BENTHIC MACROINVERTEBRATES TO ASSESS STREAM RECOVERY  

 

MAIRIN BALISI  

 

Abstract.  Benthic macroinvertebrates in Mill Creek were initially assessed in 
September 2009 as indicators of stream health one year following the removal of 
Mill Pond Dam.  However, potentially critical variables such as stream size and 
flow rate were not properly controlled for; consequently, Mill Creek was re-
assessed in October 2009.  In this reassessment, species accumulation curves and 
percentages of Ephemeroptera + Plecoptera + Trichoptera (EPT) and 
Chironomidae (Diptera) individuals were determined and compared with data 
collected from a narrower control creek.  Overall species richness was 
comparable between the two creeks, as well as EPT species richness.  However, 
EPT taxa were more dominant in the control creek, while Chironomidae was 
more abundant in Mill Creek: disparities that indicate disturbance in Mill Creek.  
As in other studies of disturbance in aquatic ecosystems, macroinvertebrate 
communities as indicators of water quality would be useful in long-term 
monitoring of Mill Creek after dam removal.  

 
INTRODUCTION  

 This project sought to improve a dam study that took place in the first week of the 2009 
Field Ecology course (Balisi et al. 2009).  The earlier study had employed Mill Creek in Dexter, 
MI – the former site of Mill Pond Dam, which was removed in November 2008 – as a model 
system to address the question of how the potential removal of Argo Dam, in nearby Ann Arbor, 
would change the surrounding river ecosystem.  The study, which assayed benthic 
macroinvertebrates as bioindicators for stream health, had demonstrated no significant 
differences in overall species richness between the Huron River and Mill Creek one year after 
dam removal.  However, the earlier study contained critical errors regarding the control site 
chosen: the control site had been a section of the Huron River, a stream of a greater order and 
greater span.  The study also contained significant errors in data collection, accounting only for 
species richness and not for composition, that precluded further analysis of its data.  Moreover, 
potentially important variables such as temperature and current velocity had not been measured, 
amounts of siltation had not been accounted for, and stream depth had not been considered; all of 
these variables may affect macroinvertebrate habitat use (Statzner and Bretschko 1998; Sagnes et 
al. 2008).  Given these uncontrolled variables, congruence in species richness between the Huron 
River and Mill Creek one year after dam removal does not hold much significance.  Such a result 
may hold more meaning for the control than for the study site: the Huron may be a less diverse 
ecosystem to begin with, or it may itself be in decline.  

 Consequently, an improved dam study required a better control: ideally a stream of the 
same size as Mill Creek, differing only in the prior presence of a dam.  However, no such 
streams are located within five miles of Mill Creek.  Public water bodies that appeared to be 
suitable streams on a map turned out to be reduced to polluted ditches (such as Honey Creek in 
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Pinckney, MI) or, at best, part of wetlands (John Vandermeer, personal communication).  
However, some streams narrower than Mill Creek are in the vicinity.  Consequently, given the 
difficulty of finding a stream of similar size, streams of a narrower span than Mill Creek were 
decided to be an acceptable control.  Choosing a smaller stream would bias the results, but in the 
proper direction: a significantly greater species richness found in Mill Creek than in the narrower 
control may be explained by Mill Creek being a larger stream, while a result that deviates from 
this would suggest a disturbance at work.  

 Overall macroinvertebrate species richness is a good indicator of water quality; certain 
sensitive life stages of macroinvertebrates respond quickly to stress, even as the larger 
community responds more slowly (Barbour et al. 1999).  Other metrics, such as percentage of 
Ephemeroptera + Plecoptera + Trichoptera (EPT) individuals and percentage of Chironomidae 
(Diptera) individuals, further determine specific aspects of stream health.  EPT taxa, intolerant of 
perturbation in water, have traditionally been used to test stream health; a greater proportion of 
EPT taxa in a body of water indicates better water quality.  Chironomid taxa and individuals, on 
the other hand, increase with greater degrees of water pollution (Barbour et al. 1994).  

 If Mill Creek has recovered significantly one year after dam removal, then we would 
expect its overall species richness to be at a level higher than that of the smaller control site.  
Similarly, its percentage of Ephemeroptera + Plecoptera + Trichoptera (EPT) individuals would 
be higher than the control site's; and its percentage of Chironomidae (Diptera) individuals would 
be lower than that of the control site.  

 

METHODS  

 Three cobble-sized rocks were collected from the study site at Mill Creek, Dexter, MI 
(40°22'20” N, 83°53'24” W), and three from the control site at Portage (Hell) Creek, Hell, MI 
(42°26'11” N, 83°58'02” W).  All six rocks were collected close to the center of their respective 
streams.  Flow rate, stream width, and average siltation on the sampled rocks were measured; 
temperature and stream depth at collection sites were estimated.  

 All macroinvertebrates from each rock, excluding mollusks, were used to measure 
species richness.  Individuals were sorted into morphospecies, and the number of individuals in 
each morphospecies was tallied.  The morphospecies data were then analyzed with EstimateS, a 
program for computing species richness.  Species accumulation curves comparing Mill Creek 
with Hell Creek were graphed for resampled counts of a) all collected macroinvertebrates and b) 
EPT taxa only.  

 

RESULTS  

 Portage (Hell) Creek, the control site, was considerably narrower (9.15 m) than Mill 
Creek, site of the former dam (15.25 m).  Hell Creek's flow rate was also slower (0.148 m/s) than 
that of Mill Creek (0.5625 m/s).  Several of the faulty variables in the earlier dam study – 
average siltation, water temperature, creek depth – were only estimated.  Average siltation on 
Hell Creek rocks was very little compared to Mill Creek rocks, which were covered in silt on 
average 3 to 9 mm thick.  At the collection sites, Hell Creek (about 0.60 m deep) was shallower 
than Mill Creek (about 0.45 m deep).  Water temperature in both creeks was similarly cold.  
Individuals of the mollusk Dreissena polymorpha (zebra mussel), filter-feeders known to 
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decrease pollution and improve water clarity, were abundantly present in Hell Creek but absent 
in Mill Creek (Yi Hou, personal communication).  

 Of 1112 individuals collected from Mill Creek, the site of the former dam, 9 individuals 
and 2 morphospecies belonged to Ephemeroptera, 867 individuals and 3 morphospecies to 
Trichoptera, 3 individuals and 1 morphospecies to Plecoptera, 207 individuals and 3 
morphospecies to Chironomidae (Diptera), and 26 individuals and 4 morphospecies to other 
(Arachnida, Coleoptera, Isopoda, Odonata).  Percentage composition is graphed in Figures 1a 
(broken down by order) and 2a (broken down by morphospecies).  189 individuals were 
collected from Hell Creek, with 163 individuals and 6 morphospecies belonging to Trichoptera, 
6 individuals and 2 morphospecies to Chironomidae, and 20 individuals and 4 morphospecies to 
other; percentage composition is graphed in Figures 1b (broken down by order) and 2b (broken 
down by morphospecies).  These counts are from raw field data.  

Figure 1.  Percentage compositions of all macroinvertebrates sampled, sorted by order (with the family 
Chironomidae as the only member collected of order Diptera).  

a)  Percentage composition for Mill Creek, the study 
site.  Trichoptera, at 78% of the total number of 
individuals sampled, comprised the bulk of taxa 
richness, followed by Chironomidae at 19%.  
Ephemeroptera and Plecoptera, the two other taxa 
commonly used to assay for stream health, together 
represented only 1% of total richness.  

 

b)  Percentage composition for Portage (Hell) Creek, the 
control.  At the order level (with Chironomidae in 
Diptera), Hell Creek contained only two taxa with 
significant populations, much less than Mill Creek.  As 
with Mill Creek, Trichoptera dominated (in this case 
with 86% of taxa richness), and chironomids represented 
11%.  

 

 

Figure 2.  Percentage compositions of all macroinvertebrates sampled, sorted by morphospecies.  

a)  Percentage composition for Mill Creek, the study 
site.  Hydropsyche (Trichoptera) comprises 76% of 
species richness: the majority of all Trichoptera 
sampled, and the majority of all taxa sampled.  

b)  Percentage composition for Portage (Hell) Creek, the 
control.  Hydropsyche, as in Mill Creek, comprises a 
significant portion of species richness (30%); but a 
trichopteran not present in Mill Creek, Micrasema, 
supplants it as the dominant morphospecies (51%).   
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 Resampling yields 21 total morphospecies collected in Mill Creek and 13.5 in Hell 
Creek; in this resampled data, 6 morphospecies were expected to be common to both creeks.  In 
the field data, 5 morphospecies were collected in both creeks: the caddisfly Hydropsyche, 
“Trichoptera III,” “Chironomidae I,” “Chironomidae II,” and “Arachnida I.”  Given resampled 
EPT taxa only, Mill Creek contained 11 total morphospecies and Hell Creek 7; 3 morphospecies 
were expected to be common to both creeks.  In the field data, 2 EPT morphospecies were 
collected in both creeks, both of them caddisflies: Hydropsyche and “Trichoptera III.”  

 The accumulation curves comparing species richness between the two creeks for all 
collected macroinvertebrates show Mill Creek's species richness to be lower than that of Hell 
Creek.  However, 95% confidence intervals between the two curves overlap widely (Figure 5).  
A similar trend is evident in the curves plotting species richness for EPT individuals only (Figure 
6).  For both sets of curves, Mill Creek's curve levels off, while Hell Creek's only approaches the 
beginning of a plateau.  

Figure 5.  Species accumulation curves for all collected 
macroinvertebrates (thick lines), with 95% confidence 
intervals shaded in gray.  Curves are smoothed and 
individual data points are omitted for clarity.  The x-

 Figure 6.  Species accumulation curves for EPT 
macroinvertebrates only (thick lines), with 95% 
confidence intervals shaded in gray.  Curves are 
smoothed and individual data points are omitted for 
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axis tracks the number of individuals; the y-axis tallies 
the expected number of species.  The Mill Creek curve 
is longer, owing to the greater number of collected 
individuals from that location.  The overlap between the 
confidence intervals of the two observed curves is 
illustrated by a darker shade of gray.  

 

clarity.  The x-axis tracks the number of individuals; 
the y-axis tallies the expected number of species.  As 
with the all-macroinvertebrates accumulation curves, 
here the Mill Creek curve is longer, owing to the 
greater number of collected individuals from that 
location.  The overlap between the confidence intervals 
of the two observed curves is illustrated by a darker 
shade of gray.  

 

 

DISCUSSION  

 One year after removal of Mill Pond Dam, overall macroinvertebrate species richness in 
Mill Creek is largely similar to that of Portage (Hell) Creek.  EPT species richness is also largely 
similar in both creeks.  These results appear to imply that Mill Creek, one year after dam 
removal, has recovered to pre-dam levels; however, Hell Creek is a smaller body of water than 
Mill Creek and therefore was expected to contain fewer species.  This caveat appears to indicate 
that Mill Creek's recovery, though in possible progress, has not yet reached completion.  

 Similarly, more detailed differences in composition – differences previously established 
in common macroinvertebrate assay protocols as effects of disturbance – point to Mill Creek not 
yet having recovered fully.  Micrasema, a case-building trichopteran, was absent in Mill Creek 
but, at Hell Creek, represented the majority not only of all Trichoptera sampled but also of all 
macroinvertebrate individuals.  Micrasema is a shredder, a benthic macroinvertebrate guild 
expected to decrease with increasing perturbation (Hershey and Lamberti 2001; Barbour et al. 
1999).  Mill Creek also contained a shredding trichopteran, Brachycentrus, but in a significantly 
smaller proportion (1% of all macroinvertebrate individuals).  In the same vein, the proportion of 
Chironomidae individuals – an indicator of disturbance – was greater in Mill Creek than in Hell 
Creek; and the overall proportion of Trichoptera individuals, a positive indicator of stream 
health, was greater in Hell Creek than in Mill Creek.  

 However, not all compositional differences may have resulted from disturbance.  The 
trichopteran genus Hydropsyche represented more than twice the proportion of the individuals 
collected at Mill Creek than at Hell Creek, yet this change may be a product of the difference in 
flow rate between the two streams.  Hydropsyche, a net-spinning caddisfly, requires actively 
flowing water in order to catch food items in its net (Wallace 1975); accordingly, the current at 
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Mill Creek is significantly faster than at Hell Creek.  In addition, Trichoptera individuals as a 
whole abound in both streams, yet Plecoptera and Ephemeroptera together represent only one 
percent of the macroinvertebrate individuals collected at Mill Creek and are altogether absent 
from Hell Creek.  This relative absence from both streams of two of the three EPT taxa, while 
noteworthy, may be an artifact of location and seasonality.  The earlier survey of the Huron 
River nearby yielded significant quantities of Ephemeroptera (Balisi et al. 2009), and in the 
summer of 2009 Plecoptera was abundant in the Maple River in Cheboygan County, northern 
Michigan (personal observation).  

 This study, as with the earlier Mill Creek dam study, suffers from the limitation of having 
only one temporal viewpoint: a perspective taken after dam removal, but no perspective before 
dam removal.  Whether Mill Creek has recovered is defined not by its own undisturbed state – its 
state before implementation of the dam, contrasted to the state after implementation of the dam – 
but by the “normal” state of an entirely separate control site.  Yet the most ideal control for this 
study would have been a pre-dam Mill Creek: an impracticality for this and other studies of dam 
removal, as many hydroelectric dams standing today were constructed in the early 20th century.  

 One way to compensate for this impracticality is to sample at sites both upstream and 
downstream of the removed dam – the originally planned protocol for this project.  However, in 
the case of this study, sampling both upstream and downstream was also a difficulty.  The 
section of Mill Creek upstream of the removed dam is muddy and heavily silted, with most 
cobble-sized rocks buried in sludge.  Upstream sampling for this project was thus canceled.  This 
condition may have resulted from the dam's prior presence; yet, in the absence of pre-removal 
information, this statement is only a hypothesis.  

 Another issue is that EPT indices and other bioindicator assays generally track 
disturbance in aquatic environments.  In the case of Mill Creek, other disturbances could have 
produced the macroinvertebrate compositions above.  Apart from the long-standing presence and 
subsequent removal of a dam, Mill Creek is also located in busy downtown Dexter, MI, with the 
sampled area flanked by a parking lot and a sport center.  In contrast, Hell Creek is located in 
more rural Pinckney, MI, and runs alongside a quiet private residence.  More effort needs to be 
invested in order to sort apart the influence of different kinds of disturbance on these aquatic 
communities.  

 Regardless, given the results of this study, Mill Creek is on its way to a relative recovery.  
However, future studies still may benefit from collecting more rocks.  With increased rock 
sample size and, consequently, increased macroinvertebrate sample size, the species 
accumulation curve for Hell Creek may plateau, illustrating more definitively the species 
richness differences between it and Mill Creek.  
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USE OF THE FRACTAL DIMENSION OF LEAF AREA FOR LEAF IDENTIFICATION 
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Abstract.  Leaves display certain fractal characteristics and many researchers have 
attempted to use these traits for leaf identification.  We investigated whether 
interspecific differences in the fractal dimension of leaf area could be used to 
identify leaves of three species (Quercus velutina, Quercus alba, and Prunus 
serotina).  Additionally, we tested whether the fractal dimension of leaf area 
could be used to distinguish between sun and shade leaves within a species.  
While we did find significant differences between certain tree species and 
between sun and shade leaves within one species, the fractal dimension of leaf 
area appears to be of limited utility.   

 
INTRODUCTION 

A fractal is a complex shape whose components resemble the whole object on a smaller 
scale (Mandelbrot 1982).  This means that the object is scale invariant; the major features of the 
object do not change even as the scale of observation changes (Zinn-Justin 2002).  True fractals 
show this ‘self-similarity’ at an infinite range of scales, but many objects in nature display this 
self-similarity across a limited number of scales.    

The use of fractal geometry in biology is a recurrent theme and is a way of reducing scale 
related phenomena and complexity into a descriptive metric, namely its fractal dimension 
(Mandelbrot 1983).  The fractal dimension of leaf perimeter is a metric which takes leaf 
complexity and shape into account (Vleck and Cheung 1986, Borkowski 1999, Camarero et al. 
2003).  It is possible that the fractal dimension of a leaf could be used to quantify subtle 
differences in leaf morphology, such as the amount of dissection.  While these differences are 
easily detected by a trained observer, they are difficult to quantify.  An example of this is sun 
versus shade leaves.  Sun leaves are generally more finely dissected, and have a lower area to 
perimeter ratio than shade leaves.  This is an important morphological trait, as it is tied to light 
interception (Niklas 1989) and heat dissipation (Vogel 1970).  Two common methods of 
determining fractal dimensions of leaves are box counting (Camarero et al. 2003) and automated 
software analysis (Vleck and Cheung 1986). 

 The use of fractal dimension as a descriptor of leaf shape and complexity has been 
a fairly contentious topic in the literature.  Borkowski (1999) and Bari et al. (2003) were able to 
use fractal dimension of leaf perimeter to distinguish between species with 90% accuracy or 
greater.  However, Camarero et al. (2003) and McLellan and Endler (1998) found complications, 
such as not being able to distinguish between spiny and highly lobed leaves (Camarero et al. 
2003).  Borkowski (1999) may have achieved high accuracy through the use of several biometric 
descriptors and 16 different fractal dimension features.   
 While the fractal dimension of various leaf characteristics have been used (including 
perimeter, width, and perimeter to area ratio), few have used the fractal dimension of leaf area 
(with the exception of San Pedro [2009]).  We investigated whether the fractal dimension of leaf 
area could successfully distinguish between leaves of different species and between sun and 
shade leaves within a species.   
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METHODS 
 We calculated the fractal dimension of Quercus velutina (n=6), Quercus alba (n=6) and 
Prunus serotina (n=6) leaves as well as assorted shapes including a circle and a square using an 
area box counting method.  Leaves were gathered from fallen branches of trees in the E.S. 
George Reserve, Livingston County, Michigan on October 10, 2009.  For Quercus spp., sun or 
shade leaf designation was based on the leaf lobe dissection.  For Prunus serotina, we were 
unable to distinguish between sun and shade leaves.  Leaves were traced by hand onto graph 
paper. A box of some length (L) measured in cm, was drawn around the leaf so that it was 
completely enclosed. The number of boxes in which the leaf was found was then recorded.  The 
box was then split into boxes of L/2 and the number of boxes in which some area of the leaf was 
found, recorded again. This process was repeated roughly 7 times per object. A similar method 
was done in the program GIMP using a computer to draw grid lines on an image of the object. 
The log length of box was plotted against the log number of boxes, and the last three points 
(smallest L) were used to calculate the slope of the line, which is the fractal dimension. Data 
analysis was conducted with R. 
 

RESULTS 
 We measured a total of 18 leaves from Quercus velutina (black oak), Quercus alba 
(white oak), and 
Prunus serotina 
(black cherry).  
Average fractal 
dimensions of leaf 
area for these 
species were, 
respectively, -1.61, -
1.68, and -1.71 
(Figure 1).  The 
average fractal 
dimension of 
Quercus velutina 
and Quercus alba 
leaves were 
significantly 
different (p<0.01), 
although Prunus 
serotina was not 
significantly 
different from other 
species.  While the average fractal dimension of shade  and sun leaves were not significantly 
different for Quercus alba, the difference was significant for Quercus velutina (p<0.05, Figure 
2).           
 

 
DISCUSSION  
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These results provide insights into the nature of the fractal dimension of leaf area, and 
even with a limited sample size we found significant differences in the average fractal dimension 
of sun and shade leaves of Quercus velutina.  Moreover, we also found significant differences in 
the average fractal dimension of Quercus alba and Quercus velutina leaves.  This result is 
consistent with a study that found that more highly dissected leaves have lower fractal 
dimensions (San Pedro 2009), as Quercus velutina has more highly dissected leaves than 
Quercus alba.  However, the significant difference found between shade and sun leaves in 
Quercus velutina contradicts this pattern, as shade leaves are generally less dissected than their 
sun counterparts.  It is also unclear why the Prunus serotina leaves did not have a higher fractal 
dimension than the Quercus species, given their lack of dissection.  

Overall, our methods were not useful for distinguishing between species because there 
was considerable intraspecific variation in slopes.  One possible reason for this result is that our 

measurements were 
too coarse. We re-
iterated our box-
counts at seven 
different scales, 
finishing with a size 
of 2 millimeters. 
Only the last three 
iterations were used 
to calculate the 
slope, or fractal 
dimension. It’s 
possible that, had 
we continued to 
decrease the size of 
our boxes, we 
would have found 
more intraspecific 
consistency, as our 
last three 
measurements 

would have been at a finer scale, allowing for greater precision.    
 The techniques we used to count boxes may have also affected precision. Most of the 
data were taken from hand-drawn box-plots calculated by nine different researchers. Variation in 
how researchers counted box-plots, or even miscounts, may have affected our results. Some of 
the box-counts were conducted digitally, but there was not enough data to test if the hand-drawn 
method was less precise than the digital method.  It stands to reason that a digital and automated 
box-plot counting method would give more precise measurements of fractal dimension as the 
counting process would be standardized.  Indeed, other researchers have used digital box-plots 
with some success (Bruno et al. 2008).  
 It is also equally likely that the reason we couldn’t distinguish species by the fractal 
dimension of leaf area is simply because intraspecific variation is greater than interspecific 
variation.  For example, shade leaves tend to have less defined lobes and more surface area 
compared to sun leaves.   However, other variables including light and nutrient conditions can 

263



also affect leaf morphology (Jurik et al. 1982).  Members of the Quercus genus also tend to have 
especially variable leaf morphology.  

A final explanation for the high levels of intraspecific variation we found is that fractal 
dimension of leaf area is a single metric that combines a number of variables, including the size 
(large or small), shape (wide or narrow), and edge complexity (Rex and Malanson 1990).  When 
each of these variables is different depending on the leaf sampled, reducing all variables to a 
single metric reduces the utility of the fractal dimension and also increases intraspecific 
variability.  Moreover, significant caveats exist about the use of the fractal dimension for leaves 
which possess very limited self-similarity. 

It seems that the fractal dimension of leaf area is not suited for accurate identification of 
plant species or canopy position.  Even in cases where averages were significantly different, 
ranges tended to overlap.  However, the fractal dimension of leaf perimeter seems to be a more 
accurate predictor of species, and is a good measure of leaf dissection (Mancuso 2001 and 
Mandelbrot 1967).  This parameter, along with automated box-counting and larger sample sizes 
would provide us with more accurate data that might allow more success in leaf identification via 
fractal dimension. 
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ABSTRACT 
 

Biomass estimates are a vital part of global change research. These estimates 
allow researchers to calculate the amount of carbon a particular system is able to 
sequester as a direct function of its vegetative biomass. Here, we calculate 
biomass estimates for three different cover types; upland deciduous, lowland 
deciduous, and Elaeagnus umbellata dominated open field on the E.S. George 
Reserve, Livingston County, Michigan. Although numerous trends were noted, 
Elaeagnus dominated cover types were shown to have significantly less biomass 
than either upland or lowland deciduous cover types. We suggest that these 
depauperately low biomass estimates are a byproduct of a consistently used and 
severely flawed sampling methodology. Additionally, although we did find a 
relationship between biomass and the number of species, it is likely due to the 
sampling effect: the greater the number of species in a system, the more likely it is 
that one of those will be a high biomass species. Rather than investigating this 
relationship across habitats, however, it may be more appropriate to examine 
these differences within a single habitat type to remove this confounding factor. 
 

INTRODUCTION 
 

An allometric equation, and allometry as a whole, draws correlations between the relative 
growth of part of an organism to that of the entire organism as a whole. In forest ecology, 
allometric equations prove invaluable for discerning tree biomass as a function of a more 
measureable component such as tree height or diameter with the use of regressions that link these 
components (Baskerville, 1971). To establish the relationship between biomass and the measured 
component in a specific species, samples of this species must be harvested, dried, and weighed. 
These weights are then compared to diameter or height in the form of a regression which 
elucidates the relationship between these measured elements (Whittaker and Woodwell, 1968).  

As trees vary morphologically, there are, by necessity, many species and region specific 
allometric equations (Ter-Mikaelian and Korzukhin, 1997). Though many species, specifically 
those in the tropics, do not yet have specific allometric equations for biomass, there exist many 
general equations that may allow these biomasses to be estimated with some confidence. 
Additionally, recent study suggests greater accuracy in these equations by incorporating wood 
density as well as traditional tree weights (Chave et al. 2005). 

These measurements may be used to estimate forest-wide amounts of biomass and, 
additionally, the amount of forest productivity and stored carbon and its fluxes within this 
system. Reliable biomass estimates prove particularly vital at this time of unprecedented global 
change as the relationship between carbon sequestration, forest biomass and stored carbon, and 
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subsequent potential climate change mitigation prove important but poorly understood (Litton 
and Kauffman, 2008). 
 As biomass estimates are a robust and commonly used way to compare stored carbon 
between different systems, we sought to estimate and compare the biomass between three 
different habitats – upland deciduous, lowland deciduous, and Elaeagnus umbellata dominated 
habitat - in the E.S. George Reserve, Livingston County, Michigan. 
 

METHODS 
 

Survey Methodology 
 

 Three different sites were surveyed on 10 October 2009 (Fig.1) via standard forestry 
surveying methods. First, transects were established in each study site. Circular plots were 
created 25m apart along each transect, with the first plot being a random distance from an 
established baseline. Each plot has a fixed radius of 5.64m resulting in a 100m2 plot. This in turn 
allows for easy scaling. Within this plot, those diameters at breast height (DBH) greater than 
9cm were recorded along with species name; for later analysis, these individual were considered 
part of the canopy. To quantify the sub canopy, two smaller plots were established, their centers 
perpendicular to the transect and 2.82m from the center of the larger plot (Fig. 2). Each had a 
radius of 2.26m and all trees with DBH between three and nine centimeters were recorded. Four 
plots along two transects were recorded in the upland deciduous cover type, three plots along a 
single transect were recorded in the lowland deciduous cover type and six plots along two 
transect were recorded for the Elaeagnus dominated cover type. Recording DBH of E. umbellata 
consisted of recording the three largest central branches of each individual encountered. 
 
Figure 1. Biomass survey sites on the E.S. George Reserve.  
 

Elaeagnus 
dominated 

Upland 
deciduous 

Lowland 
deciduous 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Figure 2. Schematic of large and small plots. 

 
 

Biomass Calculations 
 

 To determine biomass of the trees measured, Species Specific Allometric Equations 
(SSAE) were used. DBH is used with specific parameters for each species to determine 
approximate biomass from dry weight and measurements taken in a lab. Allometric equations 
compiled by Ter-Mikaelian and Korzukhin (1997) were used to estimate above ground biomass 
and allometric equations for Russian olive, Elaeagnus angustifolia, were used to calculate 
biomass of E. umbellata, (Zhou et al. 2007). 
 

RESULTS 
 

Estimates of woody biomass between all cover types were only marginally different 
(p=.07) whereas estimates for upland deciduous and Elaeagnus dominated cover types were 
significantly different (Table 1). More detailed analyses revealed significant differences in 
estimates between upland deciduous and Elaeagnus (p=.04) and lowland deciduous and 
Elaeagnus (p=.02). Comparisons of canopy and sub canopy biomass estimates revealed only 
marginally significant differences (p=.06) when all data were pooled. Any difference between 
canopy and sub canopy biomass within each cover type were found to be statistically 
insignificant. Finally, a marginally significant correlation (p=.057) was found between the 
number of species in each plot and plot biomass (Fig. 3). 
 
 
Table 1. Two sample t-Tests comparing woody biomass of each habitat type against all other biomass data. For 
example, upland deciduous was compared against the summed biomass of both lowland deciduous and Elaeagnus. 
 

Cover Type Mean Biomass per Plot (kg) Sample Size p-value 
Upland Deciduous 3140.87 n=4 p=.04 
Lowland Deciduous 1303.06 n=3 p=.99 
Elaeagnus 49.62 n=6 p=.07 
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Figure 3. Number of species as a function of biomass (kg). 
 

 
 
 

DISCUSSION 
 

Our results indicate that, in the E.S. George Reserve, upland deciduous holds greater 
biomass per area than lowland deciduous which holds more biomass than Elaeagnus dominated 
cover types. Additionally most of the biomass is held in the canopy.  

Elaeagnus umbellata can grow in very dense thickets in fields and forests (J. Berini, 
personal observation) with the potential to shade out the saplings for larger forest species. If E. 
umbellata does prevent sapling growth, it could reduce the potential biomass storage in 
regenerated old fields by altering the succession patterns and maintaining the ecosystem with a 
low concentration of biomass. 

It is likely that our methods for calculating the biomass of E. umbellata (Zhou et al., 
2007) produced underestimates of the true biomass. The allometric equations used were 
developed for a similar species, Russian olive. However, they rely on DBH measurements, 
which likely misrepresent the abundance of E. umbellata because E. umbellata often has large 
stems that do not reach breast height and are therefore ignored by this method. This means that 
the largest stems in bush or whole bushes are overlooked by this methodology. This is a common 
occurrence because few stems grow vertically in E. umbellata. This also means that the DBH 
may be smaller because the growth distance is longer at breast height. Errors in the allometric 
calculations are compounded when biomass estimates are extrapolated to larger areas, so the 
biomass calculations for the Elaeagnus dominated habitat should be taken with caution.  
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Although we found a relationship between biomass and the number of species, it is likely 
due to the sampling effect: the greater the number of species in a system, the more likely it is that 
one of those will be a high biomass species (Loreau, 1998). For example Quercus veluntina and 
Acer rubrum represent a large proportion of the biomass in our study area and both occur 
regularly in the upland forest. Additionally, the three habitats we investigated add a confounding 
variable that may obscure the true relationship between biomass and diversity. Instead of 
investigating this relationship across habitats, it may be more appropriate to examine differences 
within a single habitat type to remove this confounding factor.  
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HUMAN MEDIATED SEED DISPERSAL IN TWO LANDSCAPES AND THEIR 
ADJACENT ROADS 

 
MEGAN BANKA 

 
Abstract:  Human roles regarding seed dispersal appear to be substantial, 
however, these effects are not thoroughly studied nor understood.  I 
examined the amount of seeds and distribution of seed adhesion types 
among two habitat types (Oak-hickory forest and old field) and their 
adjacent roads to explore aspects of human mediated seed dispersal.  
Paired t-tests show a significant difference between field and forest mean 
seed amounts per transect.  Additionally, chi-square tests show that the 
forest site had significantly less bristly seeds and more smooth seeds than 
expected.  Possible mechanisms for these results are discussed.  Future 
research, including measurements of plant density in the sampled region, 
may clarify this studied human dispersal role.           

 
 

INTRODUCTION 
 

Dispersal is ecologically important to plants as it allows colonization of new 
areas, exchange of genetic material, and maintenance of local populations (Niggemann, 
2009).  As sessile organisms, plants frequently rely on vector-based seed dispersal in 
order to transport their seeds over numerous spatial scales.  There are many types of seed 
dispersal strategy that plants employ including wind (anemochory), water (hydrochory), 
expulsion (autochory), and animal dispersal (zoochory) (Encyclopedia of Pest 
Management, 2002).     
 

There are many forms of zoochory and many seeds have evolved to exploit these 
vectors.  Adhesion, value as a food substance (such as walnuts or acorns), and travel in an 
animal’s stomach or feces are all strategies that allow transport.  For adhesion, many 
seeds have evolved physical structures that aid in transport such as burrs, sticky 
substances, or hooks.  Since these adhesives frequently imbed in animal fur, the 
evolutionary novelty of human clothing and shoes may disperse different types of seeds 
more readily than those traditionally associated with animal dispersal. 

 
While humans (Homo sapiens, henceforth referred to as “humans”) are widely 

considered to be strongly influential dispersers due to practices of extensive travel, ability 
to modify habitat, and large population size, research regarding human effects on seed 
dispersal remains scant (Hodkinson and Thompson, 1997).  Research about human seed 
dispersal (anthropochory) has largely and historically focused on deliberate dispersal, 
specifically in the realm of agriculture and with regard to ornamental plants.  Only 
recently has research started to address the effects of unintentional human dispersal, such 
as inadvertent transport by car, via soil, or through attachment to skin, hair, or clothing 
(Mack, 2001).   
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Inadvertent human seed dispersal research may be in its infancy, however, models 
based on human movement behavior illustrate that humans can transport seeds between 
patches regardless of varying intermediary habitats and that these seeds can be 
transported long distances (Niggemann, 2009).  Humans also may enable the 
transportation of seeds over physical barriers and subsequently links previously isolated 
habitats.  Moreover, invasive species may be more likely to be dispersed because of their 
propensity for disturbed habitats such as roads (Hodkinson and Thompson, 1997).       
 

The results from these studies have wide ramifications regarding the prediction of 
plant dispersal and the resulting plant distributions and ranges.  As such, there exists a 
need to study and quantify the role of human-mediated seed dispersal.   
   

To gain greater understanding of one type of human mediated seed dispersal – 
dispersal via walking - I sought to determine where there was a difference in the amount 
of seeds that adhere to one’s hiking boot while walking in different habitats and their 
adjacent roads in the ES George Reserve.  Additionally, I sought to characterize the seeds 
(based on seed adhesion type) associated with each habitat and road setting and elucidate 
if different adhesion types are more common in different areas.         
 
 

MATERIALS AND METHODS 
 
Study Site 
 

I conducted this study at the ES George Reserve in Pinckney, Michigan on 
October 18, 2009.   The landscape types used were located in Evan’s Old Field and the 
Big Woods area and their adjacent roads.  Evan’s Old Field is an old field characterized 
by various species of forbs and grasses as well as Elaeaegnus umbellata.  The Big Woods 
is primarily an oak-hickory forest, though it also has many Acer rubrum and Prunus 
serotina both in the canopy and as understory individuals as well.          
 
Study Methods 
 

I laid a fifty meter transect along either Esker Road or the road adjacent to Evan’s 
Old Field (henceforth referred to as “Field Road”).  I walked along the length of the 
transect and stopped every 10 meters to remove any seeds from my boots and to store 
these seeds in a separate, labeled bags for further analysis.  After completing the road 
transect, I then measured twenty meters from the start of that transect into the field or 
forest habitat.  Another fifty meter transect was laid that was parallel to the original road 
transect.  The walking methods were repeated.  I completed four road transects with 
adjacent field and forest transects, for a total of 16 transects.   
 

After completing transects surveys, I counted and sorted the seeds according to 
the adhesion types.  The groups include bristly, hooked, coarse, and smooth seeds and 
descriptions of these types may be found in Fischer et al (1996).   
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Data Analysis 
 

To test for differences between the mean numbers of seeds in each transect, I 
utilized paired t-tests.   The chi-square test for independence was also used to test for 
different distributions of seeds types (bristly, hooked, coarse, smooth) in each location 
category (forest, field, forest road, field road).  In each statistical test, I used an alpha 
value of 0.05.   
 

RESULTS 
 

The paired t-tests (two-tailed) show a significant difference between Forest and 
Field habitats with a p-value of 0.05 (Figure 1).  None of the other tests demonstrated 
significance, although the difference between the Field and Field Road was marginally 
significant (p-value = 0.09).   
 
 
 
Figure 1:  Mean seed count per transect in each of the four study sites.  There is a significant difference 
between Forest and Field habitats (p = 0.05) and a marginally significant difference between Field and 
Field Road habitats (p = 0.09).  The bars represent standard error. 
 

 
 
 

The chi-square test shows that seed adhesion type was not evenly distributed 
between field sites.  Within the field, field road, and forest road sites, there was no 
significant difference between expected and observed values.  Within the forest site, 
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however, the difference between expected and observed values was significant (p-value = 
0.04) with less bristly and more smooth seeds than expected.   

 
When the distribution of seeds types was compared between sites, the differences 

arose because of these differences in the forested site with regard to different 
distributions of bristled and smooth seeds.  While there are considerably more smooth 
seeds present in the Field vs. Field Road sites (Figure 3), the overall distribution of seeds 
between those two sites was not significantly different.   
 
 
Figure 2:  Mean seed number per transect for each seed adhesion type in Forest vs. Forest Road habitats.   
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Figure 3: Mean seed number per transect for each seed adhesion type in Field vs. Field Road habitat.     

 
 
 
 

DISCUSSION 
 

The results show that the Field site had significantly more dispersed mean seeds 
per transect than the Forest.  This may be due to the species differences between these 
two areas.  The Forest site is an Oak-Hickory forest with numerous Red Maple and Black 
Cherry trees.  The seeds of these plants are larger, heavier, and appear less likely to be 
able to adhere to boots and/or clothing.   
 

Alternately, the Field site is comprised of a variety of native and invasive forbs 
and grasses.  These plants generally have smaller, lighter seeds that more easily affix to 
shoes.  Additionally, the “height of presentation” of seeds correlates with adhesion and, 
subsequently, dispersal – as the dominant plants in the Field transect are shorter with 
seeds at a similar height of presentation as a hiking boot, more seeds may be brushed off 
and affixed to the boot (Fischer, 1996).     

 
The difference between the Field site and the Field Road was similarly marginally 

significant.  This result is unsurprising as there are fewer plants in the road and therefore 
fewer opportunities for adhesion and dispersal.   
 

Additionally, the results show that, when the distribution of seed adhesion types 
and sites are considered, there were significantly more bristled seeds in the Forest Road 
vs. the Forest and more smooth seeds in the Forest vs. the Forest Road.  The presence of 
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greater numbers of bristled seeds in the Forest Road may relate to animal dispersal in this 
area.  Bristled seeds are frequently dispersed by mammals, which may utilize these dirt 
roads as movement corridors and shed seeds while doing so (Sorenson, 1986).  Research 
also suggests that seeds with defined adhesion properties (such as bristles) are frequently 
associated with disturbed habitats as roads due to their ability to disperse by several 
mechanisms (Sorenson, 1986).   
 

The presence of greater numbers of smooth seeds in the Forest and (and, to a 
lesser significant extent) the Field may be due to greater numbers of this adhesion type in 
these areas.  Informal observations indicated that smooth seeds were considerably smaller 
in size than any of the other adhesion types.  As more adhesive seeds such as hooked or 
bristled seeds may be more energetically expensive to make, there may be a tradeoff at 
play between numerous simple and smooth seeds and lesser numbers of 
bristled/hooked/coarse seeds.  As such, smooth seeds may simply be more numerous and 
a greater frequency of these plants in areas adjacent to the transect may predict their 
greater abundance.   
 

Research also suggests that seeds without adhesive devices may still be dispersed 
by animals at high rates (Fischer, 1996).  As hiking boots are an evolutionary novel form 
of dispersal for seeds, it may be difficult to predict what seed adhesion types are more 
frequently dispersed by this vector.  Future studies should consider these materials and 
what seed adhesion types they may selectively disperse.   

 
 
Additional research should further address questions regarding the density and 

diversity of plant species adjacent to the sample area(s) as that certainly impacts what 
seed types are dispersed.  While not addressed in this study, the type of road (dirt, paved, 
etc) may have bearing on seed dispersal as well.  As human-mediated dispersal proves 
vital for understanding plant dispersal and range, more information that elucidates these 
relationships will allow greater plant distribution predictive power and understanding as 
well as a more robust understanding of the modes of seed dispersal.          
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TETRAMORIUM: IS THE INVASION COMPLETE?  
 

MELISSA BRADY, HSUN-YI HSIEH, JANE REMFERT, DANIEL KATZ, SERGE FARINAS, 
COLIN DONIHUE, LESLIE MCGINNIS, JOHN VANDERMEER 

 
INTRODUCTION 

 
 When spatial patterns of organisms in nature are observed they are usually due to underlying 
habitat variation (Perfecto and Vandermeer 2008).  Less frequent is the observation of spatial patterns 
or aggregations when the underlying habitat is essentially uniform (Perfecto and Vandermeer 2008).  
Our study examines the second case in which a spatial pattern in the form of an ant mosaic is generated 
even though the underlying habitat is homogeneous to the organism of interest.  It has been described 
that self-organized systems may adhere to a power law distributions as they reach a point of 
‘criticality’, whereby the space within the system is filled (Vandermeer and Perfecto 2006).  At this 
point biological processes are interacting to form self-organized patterns.  

 Given the importance of spatial distribution in ecosystems and the underlying biological 
processes, it is also important to look at disequilibrium and its warning signs.  Catastrophic changes 
from a patchy to homogeneous state may occur quickly but may produce generic early warning signals 
(Scheffer et al. 2009).  Sudden discontinuous transitions from a spatially patterned vegetated state to 
desert have been the topic of several studies (Kefi et al. 2007, Kefi et al. 2007, Reitkerk et al. 2004).  In 
a study by Kefii et al. (2007) deviations of the power law distribution were found as grazing pressure 
increased, driving vegetation toward extinction, in three different ecosystems and attempts were made 
through model simulations to elucidate the driving factors in these systems.  It was shown that as 
positive local interactions decreased there was a deviation from the power law (Kefi et al. 2007).  This 
suggests that a deviation in the power law may be an early warning signal of a regime shift (Scheffer et 
al. 2009).     

 In our study site there are three major players in the ant mosaic, Solenopsis molesta, 
Monomorium minima, and Tetramorium caespitum.  Tetramorium caespitum is an introduced invasive 
in this system (Jackson et al. 2008) and much of our study will focus on this species.  In 2008 Jackson 
et al. found that a power law distribution described the spatial pattern of clump size in S. molesta and T. 
caespitum.  They argued that competitive interactions between the two species might explain the spatial 
constraint seen in the clump size distribution (Jackson et al. 2008).  In this study we follow up on their 
findings by examining the ant mosaic over time. We aim to determine if there is an overall change in 
presence of the T. caespitum and we examine the spatial organization of the ant mosaic, the power law 
distribution of the dominant species and the possibility of a regime shift.  

 Network theory may also provide a glimpse into what is happening within this ant community. 
In a network theory perspective, the components of a system are considered nodes, while interaction of 
the components are considered to be edges between these nodes. The resulting network representation 
of the system can then be analyzed in numerous ways, such as how well the network is connected, and  
whether there is a clustering hierarchy within the network (Newman et al. 2001).  This analysis will 
give us extra information about the system, because a measure of connectivity of the network will tell 
us how the clumps are organized. Theoretically, the clumps could become less connected, but this 
would not show up in the power function analysis since it is based on clump number. A change in the 
connectivity of the network could signal that there is a possible regime shift occurring. 

     

METHODS 
 In this study we investigate the spatial patterns of an ant mosaic on the E.S. George Reserve 
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(ESGR).  The area of this study is a 90x30 m stretch of land with underlying uniformity.  Several years 
ago heavy machinery was used to build the experimental ponds at the ESGR.  An artifact of this 
construction was the clearing of a flat piece of land near the pond construction site.  The vegetative 
community has regenerated (short grassland) as well as the insect community, of particular interest in 
this study the ant community.  The interactions of ant species in this community have been under 
observation for several years with particular attention paid to the ant mosaic.  That is, the pattern of 
presence and interactions of several species. 

 Our study focuses on four major species, or the ‘major players’  in the ant mosaic of our site.  
Solenopsis molesta is an ant of small stature and is reddish-brown in color.  Even though it is a small 
ant, if baits are left for 24 hours S. molesta is often the dominant species, chasing other species away 
(Vandermeer pers comm.).  Monomorium minima is a small black ant with a wide spread range.  
Tetramorium caespitum is an invasive ant introduced to North America from Europe (Steiner 2005).  T. 
caespitum is now present on the reserve but it is unknown when it arrived, as it was not in the original 
census of the reserve (Vandermeer pers comm.).   

 Ant baiting was performed in early October 2009 in the E.S George Reserve, a fenced preserve 
located inside Livingston County, Michigan. Tuna-bait was placed at each grid of pre-set 14 rows by 
46 columns plot. After ant-baiting, the group waited for two hours before checking the presence of ant 
species in each grid. Data of the ant species present was taken and used to perform spatial analysis. The 
spatial distribution and assemblage of study results was also used to compare with the results of earlier 
studies, to explore if Tetramonium would have out competed an indigenous Monomorium ant species. 
Jackson et al. (2008) shows the existence of power function associate with the spatial distribution of 
Monomorium, as well as that of Tetramonium. If the power function has broken down, it would imply 
that Tetramonium is outcompeting Monomorium. 

 Besides this, a network analysis was performed. We wanted to compare the overall connectivity 
of the different ant species. To adjacent ant baits were considered ‘connected’ if both had the same 
species.  For each ant species, this network was converted into an adjacency matrix. We then used 
spectral graph analysis to get a measure of how connected each network was. This involved taking the 
eigenvalues of the adjacency matrix and looking at the smallest non-zero eigenvalue for each network. 
Then, by comparing these eigenvalues, we decided if one species has a stronger connection than 
another. 
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RESULTS 

 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure1: The results for species presence/absence for Fall 2008, Spring 2009 and Fall 2009 respectively. The black dots 
stand for presence of Monomorium, the red diamonds for presence of Solenopsis, and the blue squares for presence of 
Tetramorium.  
 
We had an 80% occupancy rate for the Fall 2009 plot. One reason for the sparseness compared with 
previous seasons could be the weather: it was cool and rainy during most of the baiting and 
observation. Eleven species of ants were found, with the most common species being Tetramorium 
(40%), Solenopsis (22%), Monomorium (9.8%) and Prenolepis (9.6%). The proportion of baits with 
Tetramorium from season to season did not change significantly – from 40% in Fall 2008, to 40% in 
both Spring 2009 and 41% in Fall 2009.  
 

power function analysis  
 
Next we did a power function analysis. For this, we plotted the cluster size vs frequency.  
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Figure 2: Plot of clump size vs frequency for the three major species found.  
 

connectivity analysis  
 

 
 
The results of the spectral graph analysis are as follows:  
  
 Fall 2008 Spring 2009 Fall 2009 
Monomorium .005 .005 .002 
Solenopsis 1 1 .1 
Tetramorium .38 .38 .001 
 
Table 1: Here, the numbers in the table correspond with the smallest non-zero eigenvalue of each species’ adjacency matrix, 
and so gives a measure of “connectivity”.  
 
 

DISCUSSION   
 

 There seems to be conflicting results about whether Tetramorium has reached a stable state, or 
is in the process of invading. Overall numbers of Tetramorium have not changed significantly from the 
previous two seasons, which would point toward the Tetramorium community being at a stable state.  
But the power function has broken down for the Tetramorium,  as did the  connectivity of their network 
structure. This would point toward a dramatic shift going on within the community. A large part of this 
could be because of the weather on the day that the data was collected, which was rainy and rather 
cool, and not the preferred foraging weather of most ants. This is also supported by the presence of 
Prenolepis at many baits, whose optimal foraging temperature is much cooler than the other ant species 
(Tschinkel 1987), and the rather sparse distribution of Monomorium. It may be that these analyses 
might not work in this instances. For example, both the power function and network analysis relies on 
the assumption that if ants of the same species are found on adjacent baits, they are associated and 
belong to the same clump. This could be an over or under estimation of the distance that ants forage 
from their nest, and could therefore be misidentifying the dynamics of the community.   Based on the 
unchanging proportions of Tetramorium through the seasons, along with the position of the clumps 
remaining the same, it seems reasonable to say that the Tetramorium community may be stable.            
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INFESTATION OF BIOLOGICAL CONTROL AGENTS IN RESPONSE TO THE 
SPATIAL DISTRIBUTION AND HEIGHT OF PLANT HOST CENTAUREA MACULOSA  

 
AARON IVERSON, SEMOYA PHILLIPS, LESLIE MCGINNIS, SERGE FARINAS, AND 

KARINA LANERI 
 

 ABSTRACT  
We tested the infestation rates of the Dipteran biocontrol agents 

Urophora affinis, U. quadrifasciata and a member of the Cecidomyiidae 
family in the capitula of Centaurea maculosa.  We measured plant height and 
plant density to determine their relationship to larval infestation. A total of 18 
1m by 1m plots were assessed within a grid of a disturbed field at the ES 
George Reserve. Total infestation was high with an average of 1.58 larvae per 
capitula and 89.9% of all plants containing at least one larva.  Occurrence of at 
least 2 larval species within one capitulum occurred in 20.9% of all capitula 
but was not related to plant height or plant density. Taller plants did show a 
higher proportion of infestation relative to shorter plants. Contrary to our 
hypothesis, we observed that larval densities were inversely correlated with 
plant densities.  

 
INTRODUCTION 

 Since the time humans began crossing geographic boundaries there have been 
organisms being inadvertently transferred in the process. This may lead to biological 
invasions which cause a disruption in natural communities and ecosystems through 
competition with exotic species. Biological invasions by flowering plants have become more 
prominent as a result of increasing human activities that affect species dispersal through trade 
and travel and habitat susceptibility through changes in disturbance (Muller-Scharer et. al, 
2004).  One such invasion is that of Centaurea maculosa (spotted knapweed), introduced 
from Europe to North America in the late 1800s (Marshall and Storer 2006).   
 The impacts of C. maculosa include lowering plant biodiversity, decreasing wild and 
domestic ungulate productivity, and indirectly increasing runoff and sedimentation (Marshall 
and Storer 2006). Many forms of management, including chemical, cultural and biological 
controls, have been used in an attempt to control this weed (Muller-Scharer 1993). Since the 
1960s a total of 16 biocontrol agents have been introduced in order to slow the growth and 
reproduction of C. maculosa (Wilson and Randall 2003). Included in this biocontrol mélange 
are the flies Urophora affinis and U. quadrifasciata, as well as another fly in the family 
Cecidomyiidae (Marshall and Storer 2006).  All three of these Dipterans feed on the capitula 
(seedheads) of C. maculosa after the adult oviposits in the developing flower during the 
spring or summer (Wilson and Randall 2003). As the larvae develop they consume seeds and 
other parts of the capitulum and thus decrease the plant’s reproductive potential. Furthermore, 
the plant exerts energy into producing a gall around the larvae of the Urophora species, thus 
expending energy into defense instead of growth or reproduction (Wilson and Randall 2003). 
These expenses to the plant are significant; Marshall and Storer (2006) found that the 
presence of both Urophora species reduced seed production by 95% in C. maculosa and 
severely infected capitula will not flower altogether. High prevalence of at least one 
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Urophora species (with white larvae) and one Cecidomyiidae species (with orange larvae) 
was observed in C. maculosa plants in the E. S. George Reserve.  

This study sought to determine if the density and height of C. maculosa plants affect 
the spatial distribution of the Dipteran larvae. We hypothesized that as the density of C. 
maculosa plants increased, so would the number of fly larvae per capitulum, according to 
principles of the Janzen-Connell hypothesis (Janzen 1970).  Under this hypothesis it is 
predicted that predators or parasites will chose the prey or resources that are in higher 
densities in order to maximize efficiency.  After a certain point of isolation, the prey or 
resources will be too sparse to make searching worthwhile for the predator.  An alternative to 
the Janzen-Connell hypothesis is the Allee effect, where in areas of higher prey densities 
predation is essentially diluted as local predator populations become satiated.  This “safety in 
numbers” hypothesis would predict that less predation per capitula would occur in areas of 
higher C. maculosa density. 
 

METHODS 
Our study site was located within the University of Michigan E.S. George Reserve 

near Pinckney, MI.  While Centaurea maculosa is found throughout the reserve, we chose to 
focus our study on a disturbed field near the experimental ponds.  Researchers previously 
established a large grid of 2m by 2m squares in a relatively homogenous region of the field.  
Using this pre-existing 2m by 2m grid, we established 1m by 1m subplots in the southeast 
corner of each 2m by 2m plot (fig 1).  We surveyed 18 total subplots and determined the 
density of C. maculosa by counting all individuals of the species within each subplot.  To 
collect detailed data on plant characteristics and larvae and pupae presence, we selected 5 
focal plants within each plot.  We measured the diagonal from left to right and chose the first 
5 plants that were touching or closest to touching the diagonal.  We recorded plant height 
from the ground to the base of the tallest capitulum and the number of capitula per plant that 
were large enough to contain potentially viable seeds.  Next we dissected each capitulum and 
counted the number of white and orange larvae.  We collected voucher specimens for later 
identification in the lab.  Using descriptions of larvae in the literature, we identified the round 
white pupae as Urophora quadrifasciata or U. affinis (Family Tephritidae) and the orange 
larvae as Family Cecidomyiidae.   
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Figure 1: 1m by 1 m subplot embedded within pre-existing 2m by 2m plot grid. A diagonal was established 
across the subplots in order to sample the 5 closest C. maculosa plants along this line. 

 
 

RESULTS 
Significant infestation of capitula by Urophora sp. and Cecidomyiidae was observed 

in this study. Total infestation rates were found to be 1.58 larvae/capitulum with 89.9% of all 
plants (N=69) having at least one larva present. Interspecific co-occurrence rates (both 
Urophora spp. and Cecidomyiidae infestation in the same capitulum) were high, at 20.9% of 
all 396 capitula observed. No significant correlations were found between larval co-
occurrence and plant height or plant density.  

There was a positive relationship between Centaurea maculosa height and Urophora 
spp. larval density in capitula (Figure 2). Plant height explained 29% of the variation in the 
number of larvae (p<0.0001). There was a similar trend but weaker relationship between C. 
maculosa height and Cecidomyiidae density in capitula (Figure 3). Plant height explained 
11% of the variation in the number of larvae (p=0.0053). 
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Figure 2. The effect of plant height on the number of Urophora spp. (white) larvae per capitulum. R2=0.2877, 
p<0.0001. 

 
 
Figure 3. The effect of plant height on the number of Cecidomyiidae (orange) larvae per capitulum. R2=0.1121, 
p<0.0053. 

 
 
 C. maculosa density also showed a relationship to the number of larval density in 
capitula for both species (Figures 4 and 5). This time, however, as the independent variable 
(plant density) increased, larval density decreased. The relationship was slightly larger for 
Cecidomyiidae (R2=0.1046, p<0.0071) than Urophora spp. (R2=0.0709, p<0.0306).  
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Figure 4. The effect of plant density on the number of Urophora spp. (white) per capitulum. R2=0.0709, 
p<0.0306. 

 
 
Figure 5. The effect of plant density on the number of Cecidomyiidae (orange) per capitulum. R2=0.1046, 
p<0.0071. 

 
 
 
 When the data for both species were combined, the relationship between C. maculosa 
height and larval density in capitula showed a stronger relationship than either species 
separately (Figure 6). C. maculosa density also showed a negative relationship to the total 
density of larvae in capitula (Figure 7).  
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Figure 6. The effect of plant height on the total number of larvae per capitulum. R2=0.254, p<0.0001. 

 
 
Figure 7. The effect of plant density on the total number of larvae per capitulum. R2=0.1242, p<0.0037. 

 
 
 
 Figure 8 shows that there is a positive relationship between C. maculosa height and 
the number of capitula (R2=0.2515, p<0.0001). Taller plants tend to have more capitula. There 
was no significant relationship between C. maculosa density and the number of capitula each 
plant had (R2=0.0577, p<0.0876).    
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Figure 8. The effect of plant height on the number of capitula per plant. R2=0.2515, p<0.0001. 

 
 

DISCUSSION 
 The significant presence of these Dipteran biocontrol agents suggests that they are 
potentially reducing the growth and reproductive potential of Centaurea maculosa on the E.S. 
George Reserve. The distribution of the larvae, however, was not what we expected. Contrary 
to our hypothesis, we found that larval densities per capitulum actually decreased with 
increased C. maculosa density. These results do corroborate the research of Marshall and 
Storer (2006), who found a decrease in the proportion of infestation with increasing C. 
maculosa patch size, concluding that the female flies choose ovipositioning sites independent 
of capitulum density.  If this were the case, the proportion of larvae per capitulum would be 
higher in less dense areas, as is predicted by the Allee effect. This would occur if the plants 
within dense clumps were visited by fewer flies per plant when the flies are equally likely to 
choose one site over the other, regardless of density.  An alternative explanation to understand 
this outcome is that the field that we analyzed was simply too homogeneous in its C. 
maculosa distribution to result in much spatial variance in larval densities.  Under this 
scenario, the whole grid that we analyzed could be seen as one large patch of C. maculosa 
with relatively minor differences in plant densities.  
 The positive correlation between plant height and larval density per capitulum 
suggests that adult flies are attracted to the taller plants, perhaps because they are more 
conspicuous than smaller plants. Additionally, because taller plants had more capitula on 
average than smaller plants, it is possible that the ovipositing flies were more likely to infect 
neighboring capitula on the same plant once it was located rather than search for another 
plant. These factors may have had a multiplicative effect, first attracting the flies to come due 
to a taller height and secondly encouraging the flies to continue ovipositing on the same 
plant’s capitula due to easy access.  
 The lack of relationship between larval co-occurrence and capitulum density and plant 
height likely reflects the differential feeding strategies of the species (Marshall and Storer 
2006).  The Urophora species were found in the lower part of the capitulum, often directly 
consuming the seeds or enclosed within a hard gall.  The Cecidomyiidae larvae, on the other 
hand, were much smaller and were most often found in the surrounding fibers around the 
seeds. 
 Future research should include areas of greater C. maculosa heterogeneity so that the 
Janzen-Connell hypothesis could be more accurately tested, avoiding the possible effect of the 
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whole field being in a sense one large C. maculosa patch.  Additionally, interspecific larval 
co-occurrence should be analyzed to see if it correlates to the larval density of each plant, as it 
is possible that ovipositing females would first choose capitula that are uninfested and only 
secondarily choose already infested capitula.  It would also be profitable to test whether 
infested capitula actually had fewer seeds than uninfected capitula.  
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Abstract: Zebra mussels (Dreissena polymorpha) have spread throughout 
the Great Lakes and in waterways in 19 states and two provinces since they 
were accidentally introduced into Lakes Erie and St. Clair in the 1980s. 
Zebra mussel (Dreissena polymorpha) are subject to size-selective predation 
by several species of diving ducks, fishes and fishes in European and North 
American. If invested mussels are crushed, but the internal septum in the 
umbonal region of mussel usually remains intact. Using intact mussels 
collected in Portage Hell creek, I showed that there is a good relationship 
between umbonal length and of the mussels.  

 
INTRODUCTION 

 
The zebra mussel (Dreissena polymorpha) is a recent invader of the Great Lakes 

and Mississippi River. These mussels attach to available hard substrates using byssal 
threads (Eckroat et al. 1993). High fecundity, rapid growth rate, and short life span 
have made zebra mussel (Dreissena polymorpha) the most successful and nuisance 
invaders in the United States. They filter large quantities of water for the food and 
compete with other molluscs for space and food. Zebra mussels can form dense 
aggregations on unionid mussels. These aggregations have led to decreased unionid 
density (Gillis and Mackie 1994, Nalepa 1994) or even to complete extirpation of 
unionid faunas(Schloesser and Nalepa 1994). Zebra mussels may also have adverse 
effects on other molluscs (Tucker 1994a) and other invertebrates (Tucker and 
Camerer 1994, but see Stewart and Haynes 1994). Despite their adverse effects on 
other molluscs, zebra mussels have become an abundant potential food for several 
species of diving ducks in Lake Erie (Hamilton et al. 1994) just as they are in Europe. 
Smaller zebra mussels (shell length 8 mm) are also preyed upon by crayfish in the 
laboratory and possibly in nature (Love and Savino 1993, MacIsaac 1994, Martin and 
Corkum 1994).  

 
Zebra mussels remove incredible amounts of food from the water. As filter 

feeders, mussels are exposed to toxins environmental conditions.Minute levels toxins, 
or chronic environmental stresses such as siltation, low oxygen, or high ammonia 
levels can cause catastrophic losses in mussel communities long before they are 
noticed in higher fish populations. They can filter about 1 quart of water each day. 
They leave the water clear, sometimes too clear. The zebras grow on top of the native 
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mussels and smother them. With plankton removed from the water, more sunshine 
reaches the bottom. Plants living here grow rapidly. They also use zebra mussel 
droppings as fertilizer. Bottom-feeding fish feast on the waste produced by the zebra 
mussels. Their numbers increase. Zooplankton and small fish which feed on plankton 
have less to eat. Their numbers decrease. Larger fish which feed on the small fish 
decrease in number. The zebra mussels take food, space, and oxygen, causing the 
death of native mussels. 

 
Zebra mussels are also just plain tough. Veligers can survive for a month in 

water with little or no food. Adults can survive a week or more out of water. They 
reproduce so rapidly that they outcompete other animals. With few natural predators, 
scientists are concerned about when and where the invasion will end.  

 
The most possibly critical factors here are suitable substrates and flow velocity. 

Zebra mussels attach on hard substrates and need a lower flow velocity for their 
juveniles to attach on them. In addition, a stable source of larvae is also important to 
zebra mussel populations in a stream/lake system. The population of zebra mussels is 
not believed to have self-recruitment ability in stream because of the flow carries their 
larvae downstream. Persistence of zebra mussel populations in a stream highly 
depends on a stable population in upriver lake (Stoeckel et. al., 2004). 
 

The purpose of this study is to look at the relationship between zebra mussel 
body length and umbonal length. Because internal septa is usually the hardest part in 
mussel body which can not be crushed or digested by predators; the mussels grow 
from the umbonal part with years going on, as Figure 2 shows mollusks grow from 
left to right, mussel length be estimated from internal septa (umbonal length) found in 
gastrointestinal tracks of predators(Birds, Ducks, Fishes). The zinc concentration in 
whole soft tissue is positively correlated with width:height and width:length(P. B. 
Lobel,2004). To achieve this aim, body size of thiese invasive bivalves in the Portage 
Hell creek was measured. It is expected to get a positive relationship between mussel 
body length and umbonal length, width or height. 
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Fig 1 mussel length and umbonal length  

 

Figure 2. Mollusk growth pattern   

 
 

MATERIALS AND METHODS 
 

The Study Site: 
 
The sites were chosen along the way from E.S George Reserve to Ann Arbor. 

The sites were chosen based on access, locality, diversity of habitat, and stream flow. 
Primary visual inspection of the sites was done to ensure the presence of invasive 
bivalves. 

 
Small group of zebra mussels were found on small rocks collected from the 

Portage Hell creek. Portage Hell creek is a tributary of Little Portage Lake which is a 
112-acre natural hard water kettle lake located in Sections 2 and 11, Dexter Township 
(T1S R4E), Washtenaw County, Michigan. Water velocity and creek width were 
measured. I picked up 8 rocks from one transect under the bridge (easy to access to 
the water), took 24 mussels off these 8 rocks, and put them into 75% alcohol. Take 
pictures for identification. Reserve laboratory for measurement. Body lengths,width 
and height of the sampled mussels were measured with calipers and/or rulers, then I 
opened each mussel, and with the umbo pointing away, measured the length of both 
left and right umbonal length; Location and type of substrate was recorded.  
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    Fig 3.  Portage Hell creek 

     
    Statistical analysis: 

 
Linear regression equations were developed for the relationship between both 

left and right umbonal and mussel length, body length and height/width 
 
Mussel length=b*umbonal length+a                                  

(1) 
Mussel length=c*height+d                                          

(2) 
Mussel length=e*width+f                                           

(3) 
 
Body length frequency was also tested.   
 
All statistical analyses were conducted by excel and R gui. The difference 

between the two equations was tested by analysis by ANOVA.    
 

RESULTS  
Umbonal length in Zebra mussels is a good predictor of mussel length. 

Regression of the left and right septa on zebra mussel length had correlation 
coefficients in excess of 0.79 and 0.77 (Figure. 1). The strength of these relationships 
shows that zebra mussel lengths can be estimated from the internal septa found in 
gastrointestinal tracts of predators (ducks, fishes and birds). Furthermore, ANOVA 
shows that slopes relating left and right umbonal length to mussel length to mussel 
length failed to differ (p=0.123)  

 
Figure 4  The relationship between body length and umbonal length  

The relationship between mussel body length and height or width were also 
tested.Regression of the body height or width on zebra mussel length had correlation 
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coefficients in excess of 0.83 and 0.89 (Figure. 2). The strength of these relationships 
shows that zebra mussel lengths can be estimated from the width and height. T-Test 
showed that p<0.001. Indicating each is a good measure of zebra mussel size. Hence, 
equations of developed to predict zebra mussel length also predict overall mussel size 
which is an important consideration in any study of size-selective prediction.  

 
Figure 5 Body size relation 

Zebra mussels body length ranged from 7mm to 36mm; Body width ranged from 
3.5mm to 22mm;Body height ranged from 4.0 mm to 16.5 mm. The zebra mussels 
had a highest frequency with the length range between 20mm to 25 mm(figure 3). The 
width/length, width/heigth,length/heigth ratio in the highest body length frequency 
(20~25mm) do not have a significant difference from the ratio in low frequency 
(length<20mm or length>25mm) with all the p values larger than 0.05. (table 1) 

 
Figure 6 Body length frequency 

 
Table1. 

 width/length width/heigth 

length/h

eigth 
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length<20mm 0.569  1.103  1.937  

p 0.579  0.687  0.753  

20mm<length<25mm 0.592  1.247  2.085  

length>25mm 0.566  1.195  2.114  

p 0.527  0.320  0.188  

 
The body width/length was between 0.46 and 0.71;The body width/height was 

between 0.83 and 1.67; The body length/height was between 1.71 and 2.44. The body 
size of zebra mussels in the Portage Hell creek are almost in the same interval. 

 
Figure 7 body length ratio 

  
DISCUSSION   

Mussel number varied inversely with mussel size to equilibrate total clearance 
rate across different treatments. Clearance rates of different Dreissena size classes 
were based on the clearance rate-shell length relationship developed by As Kryger & 
Riisgard (1988). Absolute suppression of rotifers and Dreissena veliger larvae was 
proportional to mussel shell length for individuals larger than 10 mm (HUGH, 1995). 
So it is important to know the mussel length for the mussels clearance rate and food 
web structure analysis. However, zebra mussels are easy to fragile and we can only 
get the internal septa part which is usually the hardest part in mussel body that can not 
be crushed or digested by predators, so my study for the relationship between zebra 
mussel body length and umbonal length is important to learn.   

There is widespread media attention about common carp feeding on zebra 
mussels since John Tucker, a biologist with the Upper Mississippi River Long-Term 
Resource Monitoring Program in Alton, Ill found that the fish's gut was completely 
packed with fragments of zebra mussels. He asked station biologists to collect carp 
from the Mississippi River, just below the confluence with the Illinois near Grafton, 
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Ill. This collection site has been monitored for zebra mussels since 1992 and is known 
to be heavily colonized by them. Of the 31 common carp examined (ranging in size 
from 243-559 mm), 26 contained the remains of one or more zebra mussels. With few 
exceptions, the zebra mussel shells were crushed and well fragmented by the carp. 
Staff members determined the number of zebra mussels present in each gut by halving 
the number of internal septa found. The number of zebra mussels consumed ranged 
from 0 to 204. But the largest carp contained specimens of zebra mussels estimated to 
have been 15-18 mm in shell length, based on septa lengths. Smaller fish contained 
zebra mussels estimated to be less than 12 mm in shell length. 

Diana J Hamilton (1992) looked method for zebra mussel (Dreissena 
polymorpha) length from shell fragment, using mussels collected at Point Pelee, Lake 
Erie, and he also showed a strong relationship between the mussel and umbonal 
length (r2=0.96).  Size-selective predation on zebra mussels, the relationship 
between mussel and umbonal lengths should be determined at each study site.  

 
Table 2  Comparison between this study and Point Pelee study  

 septum slope Intercept  
this study (n=24) left 0.1766 -0.4137 
this study (n=24) right 0.1763 -0.28 
Point Pelee (n=37) left 0.354 8.128 
Point Pelee (n=37) right 0.267 8.521 

 
The relationship between umbonal length and mussel length varied with the 

location. Umbonal lengths were smaller relative to mussel lengths at Portage Hell 
creek than Point Pelee. Whether such variability is plastic response to these different 
environments or has a genetic basic is under-determined. However, such variation 
must be considered when precise estimates of mussel length are required.  Any 
detailed study of predation on zebra mussels should include size-selective predation, 
and this requires reconstruction of mussel length from fragment. Size selective 
predation varied with location. A relationship between umbonal and mussel length 
should be determined for each study.  
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THE ALIEN ADVANTAGE: USE OF NOVEL WEAPONS BY CENTAUREA STOEBE, AN 
INVASIVE FORB 

 
AMANDA GRIMM  

 
Abstract. The increased effectiveness of allelopathic chemicals in a novel environment 
has been proposed as a partial explanation for the success of some invasive species.  
One invasive plant thought to fit this hypothesis is spotted knapweed, Centaurea 
stoebe, a European forb common to the old fields of the E.S. George Reserve.  C. 
stoebe uses an allelopathic flavenoid, catechin, to exclude competing species from its 
immediate area.  Upon mapping out all forbs within a study plot, it appears that C. 
stoebe is more effective at excluding native forbs from its surroundings compared to 
European forbs which are known to be relatively insensitive to catechin.  Catechin may 
be most advantageous to C. stoebe in the early stages of invasion, whereas at later 
stages a large percentage of neighboring forbs are also of European origin and therefore 
insensitive to the allelochemical. 

 
INTRODUCTION 

Historically, the overwhelming success of invasive plant species has been attributed to 
release from specialized consumers in a novel environment.  More recently, allelopathy 
(biochemical suppression of plant growth and development by another plant) has been suggested 
as an alternative explanation for at least part of some invasive species’ success (Weston and 
Duke 2003).  The allelochemicals produced by exotic plants are novel in the invaded range and 
presumably more effective against naïve species than against the species with which the exotic 
plants naturally co-occur, a phenomenon referred to as the novel weapons hypothesis (Callaway 
2000).   

One such allelochemical-producing exotic plant, spotted knapweed (Centaurea stoebe), is 
common within the E.S. George Reserve.  C. stoebe, a short-lived perennial forb of the 
Asteraceae family, was introduced to the United States from Europe around 1890 as a 
contaminant in alfalfa or hay seed (Carpinelli 2009).  Until recently, C. stoebe was presumed to 
inhabit only heavily disturbed areas, a pattern common to many invasive forbs; the plant has now 
been found in relatively undisturbed natural areas, making it more of a concern.  This species in 
particular seems to be especially problematic in northern Wisconsin and near the Great Lakes 
(Carpinelli 2009). 

The roots of Centaurea stoebe produce an allelopathic flavonoid called racemic (±)-
catechin (Ridenour 2001).  The chemical triggers an internal reaction that leads nearby plants 
competing with knapweed to self destruct, allowing knapweed to take over more territory.  
Catechin triggers a genetic response within the competitor plant, promoting the production of 
oxidants inside the plant as well as triggering genes that cause the plant’s cells to die (Bais 
2003).  European species that coexist with C. stoebe in its native range are known to be relatively 
insensitive to catechin (Bais 2003).  However, conclusions regarding the relative effectiveness of 
catechin against North American species have been mixed.  In practice, it is difficult to prove 
that the production of an allelopathic chemical by one plant has an actual effect on another.  One 
previous study found that levels of catechin in the soil in knapweed-invaded areas of the U.S. are 
much higher – four to five times so – than levels in soil in Europe (Weir 2003), while another 
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found both that soil levels of catechin are too low to be effective, and that the chemical is quickly 
degraded by extracellular root enzymes (Duke 2009). 

This study aimed to answer the question of whether C. stoebe is effective at using 
allelopathy to exclude other forbs from its immediate area, as well as whether it is more effective 
at excluding North American forbs than excluding the European forbs with which it evolved, a 
finding which would support the novel weapons hypothesis. 

 
METHODS 

Using a compass and flags, I marked 
off a 10 meter square plot in a representative 
area of the Old Field at the E.S. George 
Reserve.  Forb species within the plot 
included Centaurea stoebe, exotic European 
forbs St. John’s Wort (Hypericum 
perforatum) and Common Yarrow (Achillea 
millefolium), and native forbs Wild 
Bergamot (Monarda fistulosa), Round-
headed Bush Clover (Lespedeza capitata), 
Old-field Goldenrod (Solidago nemoralis), 
Stiff Goldenrod (Solidago rigida), and 
Rough Blazing-star (Liatris aspera).  At 
each corner of the grid, an intensive plot 
measuring 1 meter by 2 meters was 
established (Fig. 1).  Within the intensive 
plots, all forbs were mapped out on a 
coordinate system and species, height and 
number of stems were recorded (Fig. 2).  
Then, because native forbs represented less 
than 10 percent of individuals within the 
plot, all native forbs within the 10 meter plot 
were identified, and distances to nearest 
neighbor and nearest C. stoebe were 
recorded. 

 

Fig.1. Study plot. Black squares represent intensive 
plots. 

  
 

Fig. 2. Mapped forbs for Intensive Plot 1. 

 
 

Data analysis 
For the purposes of analysis, forb 
individuals were lumped into three groups: 
C. stoebe, other European forbs, and North 
American forbs.  An ANOVA was 
performed, followed by post-hoc tests for 
the purpose of pairwise comparisons 
(Fisher’s protected t-test).   
 

 
Because Fisher’s protected t-test requires the 
omnibus F to be significant, it is able to use 
a more stable estimate of the population 
variance than the regular t test. 
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RESULTS 

Nearest neighbor distances for C. 
stoebe individuals were not greater than for 
other individuals of other species (Fig. 3).  
In case this pattern was an artifact of the fact 
that C. stoebe was the most common species 
in the plot and presumably tolerant of its 
own allelochemicals, I also examined 
distance to the nearest neighbor of a 
different species, but found the same pattern 
(Fig. 4).  I also considered the relationship 
between C. stoebe size and nearest neighbor 
distance, but found no significant 
relationship (Fig. 5). 

 
Fig. 3. Average nearest neighbor distances.   

 
 

Fig. 4. Average nearest neighbor distances, excluding 
conspecifics. 

 
 
 
Fig. 5. C. stoebe height vs. nearest neighbor distance. 

 
 
 

When the average distance to the nearest C. 
stoebe was plotted for each species, 
however, a pattern was evident (Fig. 6).  
Lumping non-native species and native 
species into two groups as described in the 
methods, I performed an ANOVA and found 
the differences between the groups to be 
significant (p= 5.58E-08).  Fisher’s t-test 
found marginally significant differences in 
distance to nearest C. stoebe between C. 
stoebe individuals and other non-native 
forbs (p=0.070), and between non-native 
forbs and native forbs (p=0.059).  
Interestingly, the difference between non-
native forbs and native forbs becomes very 
significant if Monarda fistulosa, is removed 
from the native forbs data.  M. fistulosa is 
the only species to deviate from the general 

pattern of large distances between natives 
and C. stoebe (Fig. 6).  The difference 
between C. stoebe and native forbs was 
highly significant (p=0.00028). 
 
Fig 6. Distance to nearest C. stoebe for all 
species. 
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DISCUSSION 

As with any one-day study with a field crew of one, this study would have benefited 
greatly from additional data.  Greater sample sizes could have resulted in more significant 
differences between groups with respect to distance to nearest C. stoebe.  Nonetheless, the 
available data exhibited a strong pattern.  Centaurea stoebe does indeed seem able to exclude 
native competitors more effectively than other European forb species.  However, C. stoebe did 
not achieve a greater nearest neighbor distance compared to other forbs.  It seems likely that this 
is due to the species composition of the plot: only ~10 percent of forb individuals were 
potentially catechin-susceptible native species.  Thus, production of catechin may be 
advantageous to C. stoebe primarily in newly invaded areas, where a higher percentage of 
competitors are naïve native species.  As invasion by C. stoebe and other exotic forbs progresses, 
the species composition tilts towards catechin-tolerant plants and catechin becomes less of an 
asset. 

This theory is readily testable, by repeating the same experiment in a less disturbed area 
with a recent C. stoebe invasion and a high proportion of native forbs.  If the novel weapons 
hypothesis and the findings of this study are correct, we would expect to observe a greater 
nearest neighbor distance for C. stoebe than for native forbs. 
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DIFFERENTIAL FRUIT PREFERENCES OF GROUND FORAGERS FOR NATIVE AND 
NON-NATIVE PLANTS 

 
THERESA WEI YING ONG 

 
Abstract. In order to understand the overwhelming success of many invasive 
species, the attraction of ground foragers for berries of one native species 
(Viburnum trilobum) and two invasive species (Berberis thungbergii and Eleagnus 
umbellata) in the E.S. George Reserve was experimentally quantified and 
compared. Dispersion was highest for non-native E. umbellata, and lowest for 
both non-native B. thungbergii and native V. trilobum. Dispersion was greatest 
from night to morning, in a secluded, small mammal-dense habitat, and in the 
presence of a variety of herbivores including Prenolepis imparis, a potential food 
indicator for other frugivores. Morning to afternoon foraging was restricted to 
areas of high canopy coverage, suggesting that the primary fruit dispersers consist 
of nocturnal and reclusive organisms. These results indicate two contradictory, but 
theoretically successful dispersal strategies on the part of the invasive plant: the 
attraction of a wide range of possible dispersers mediated through increased fruit 
palatability, or avoidance of most non-dispersing or “cheating” frugivores by 
decreasing fruit palatability. 

 
INTRODUCTION 

 
Plants that produce fruit experience a tradeoff between attracting seed dispersers and 

avoiding “cheaters” that eat fruits without effectively dispersing seeds (Gautier-Hion, 1985). I 
hypothesize that the successfulness of invasive species is partly due to their ability to attract seed 
dispersers; perhaps sacrificing protection from “cheaters” in order to encourage greater dispersal. 

Studies have documented fruit preferences of many seed dispersers including birds, 
which are often attracted to red colored berries (McPherson, 1988). Berberis thungbergii, 
Eleagnus umbellata, and Viburnum trilobum all possess red berries and are all considered 
primarily bird dispersed.  

B. thungbergii, introduced from Japan in the 1920s as an ornamental shrub to replace 
Berberis vulgaris rapidly spread throughout the Northeast by the 1960s (Silander, Klepeis, 
1999).  E. umbellata, planted in 1960s/70s to provide food/shelter for wildlife, damming, erosion 
control, and interplanting has also successfully established itself throughout the Northeast and 
Midwest (Bissett et al., 2009). Both of these invasive species are common throughout the E.S. 
George Reserve in Livingston County, MI, both have competitive advantages over native plants 
in their ability to survive in harsh environments, and both possess bright red berries.  

V. trilobum is a native plant species in the George Reserve with similarly red berries. V. 
trilobum is native to northwestern and northeastern America, and is frost and semi-shade tolerant 
with few insect problems. These characteristics make V. trilobum a relatively close comparison 
to B. thungbergii and E. umbellata in overall robustness. 

I predict that invasive berries will yield higher rates of dispersal than native, accounting 
for their wide distributions and densities. 
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METHODS 
 

 Ten grams of V. trilobum, E. umbellata and B. berberis berries were measured out 
separately, the number of berries counted, and placed into a small tin cup that was approximately 
3 inches in diameter. For every plot, a mature black oak capable of producing acorns was found 
and 3 cups with 3 different species placed, evenly spaced 1m away from the center of the tree. 
This was true for all plots with the exception of site o5, which was accidentally placed around a 
Juniperus virginiana tree. Five plots were set up in an open area underneath power lines close to 
the Hill and Dale house of the George Reserve on October 17, 2009. These plots were paired 
with 5 additional plots in an adjacent forested (shaded) area. Two plots were set up in the kettle 
next to Evans Old Field and the Airfield, and one by the George Pond. 
 Plots in the shaded and open areas were set out at 2:00 a.m., kettle plots at 9:00 a.m., and 
the pond plot at 10:00 a.m. Night to morning berry counts were taken for each site at 11:20 a.m., 
2:00 p.m. and 2:48 p.m. for a total elapsed time of 9:20 hrs, 5:00 hrs, and 4:48 hrs respectively. 
Morning to night counts were taken for each site at 4:00 p.m., 4:30 p.m., and 6:45 p.m. for 3:40 
hrs, 2:30 hrs, and 1:57 hrs respectively. Canopy coverage was measured at every plot by taking 
10 “covered” or “open” readings with a densitometer around every tree used. 
 The percentage of berries lost per cup was transformed into the arcsin(square root (%)) to 
correct for biases inherent in proportional data (Ahrens et al., 1990).  

Corrected percentage of berries lost for total time, night to morning, and morning to night 
was analyzed and compared with ANOVAs specifying Poisson distributions and student t-tests 
in R. Tested variables included: fruit species, degree of herbivores (1= none or few, 2= many or 
lots), habitat (open, shaded, kettle, pond), site (specific to tree), and type of herbivores present 
(none, flies, or Prenolepis imparis). Effect of canopy coverage was analyzed separately for each 
time frame. 

RESULTS 
 
 ANOVA of all variables for the total time frame of the experiment showed significant 
effects of fruit, site, habitat and the degree of herbivores present on the corrected percentage of 
fruits taken (Table 1).  
 

 
 
 
 
 
 
 
 
 
 
 
 
E. umbellata berries were significantly preferred over B. berberis and V. trilobum (Figure 1).  
 
 

Table 1. ANOVA of total time frame, corrected percent fruits lost 
Predictor Df Deviance Resid. Df Resid. Dev P(>|Chi|) 
NULL   29 1367.08  
habitat 1 15.07 28 1352 1.04E-04 
site 8 394.72 20 957.29 2.53E-80 
fruit 2 511.21 18 446.07 9.80E-112 
herbivores 1 0.1 17 445.97 7.60E-01 
degree herb 1 5.85 16 440.12 2.00E-02 
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Dispersal increased four-fold when many to lots of herbivores (P. imparis) were present  
(Figure 2).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Overall, kettle plots had higher rates of dispersal (Figure 3).  
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. High dispersion of E. ulmullata (a) for total time frame.; b= B. thungbergii, c= V. trilobum 

Figure 2. Greater dispersion when more herbivores present.; 1=Few to no P. imparis, 2= Many to lots 

Figure 3. Greater dispersion in kettle habitat.; k=kettle, l=pond, o=open, s=shade 
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Dispersal was also site-specific, with a striking lack of dispersal for the one accidental J. virginia 
site (o5, Figure 4). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ANOVAs of data parsed into a night-morning time set revealed significant effects of 
fruit, site, degree of herbivores, type of herbivores, and habitat (Table 2). Morning-night 
ANOVA showed significant effects from type of herbivores, site, habitat, and fruit (Table 3).  
Canopy coverage contributed significantly to morning-afternoon dispersal but not for night-
morning or total time (Table 4). Dispersal was greatest for sites with high canopy coverage 
during the morning-afternoon (Figure 5). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 2. ANOVA of night-morning, corrected percent fruits lost 
Predictor Df Deviance Resid. Df Resid. Dev P(>|Chi|) 
NULL   29 1347.78  
habitat 1 10.63 28 1337.15 1.11E-03 
Site 8 414.6 20 922.55 1.41E-84 
Fruit 2 516 18 406.55 8.94E-113 
herbivores 1 26.17 16 380.38 2.08E-06 
degree herb 3 95.34 13 284.04 1.56E-20 

Table 3. ANOVA of morning-afternoon, corrected percent fruits lost 

Predictor Df Deviance Resid. Df Resid. Dev P(>|Chi|) 
NULL     29 305.589  

habitat 1 26.221 28 279.368 3.04E-07 
Site 8 114.576 20 164.792 4.36E-21 
Fruit 2 13.254 18 151.537 1.00E-03 
herbivores 2 151.537 15 380.38 1.23E-32 
degree herb 2 7.08E-10 13 284.04 1.00E+00 

Figure 4. Lack of dispersion at site o5(J. virginiana plot) ; k=kettle, l=pond, o=open, s=shade 
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Table 4. ANOVA for canopy coverage, corrected percent fruits lost 

Time Predictor Df Deviance Resid. Df Resid. Dev P(>|Chi|) 
Total NULL     29     
 cover 1  0.14  28  1366.94  0.71 

Night-Morn NULL     29 1347.78  
  cover 1 0.04 28 1347.74 8.50E-01 
Morn-After NULL   29 305.589  
  cover 1 2.90E+01 28 276.6 7.07E-08 

 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
E. umbellata was preferred in both night-morning and morning-afternoon (Figure 6), but much 
less dispersal occurred from morning-afternoon (t= 2.1589, p= 0.04221). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Most dispersal occurred at kettle sites during both night-morning and morning-afternoon  
(Figure 7), but again less dispersal from morning-afternoon (t= 2.0222, p= 0.04751).  
 
 

Figure 5. Night to morning (left) and morning to afternoon (right) dispersion by canopy coverage; 
daytime foraging restriction to high coverage plots 

Figure 6. Night to morning (left) and morning to afternoon (right) dispersion by fruit type; 
Less dispersal from morning to afternoon; a= E. ulmullata, b= B. thungbergii, c= V. trilobum 
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Overall dispersal dropped from most sites in the morning-afternoon except for k2 (Figure 8). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Greater variety in potential herbivores was witnessed from night-morning than from morning-
night (Figure 9). 
 
 
 
 
 
 
 
 
 
 
 

Figure 7. Night to morning (left) and morning to afternoon (right) dispersion by habitat; 
Less dispersal from morning to afternoon; k=kettle, l=pond, o=open, s=shade 

Figure 8. Night to morning (left) and morning to afternoon (right) dispersion by site; 
Less dispersal from morning to afternoon; k2 fidelity, k=kettle, l=pond, o=open, s=shade 

Figure 9. Night to morning (left) and morning to afternoon (right) dispersion by herbivore type; 
Less diversity in herbivores and dispersal from morning to afternoon 
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DISCUSSION 
 

No evidence of native versus non-native differences in berry attractiveness was found, 
although E. umbellata appears to have a clear advantage over the two other species in attracting 
dispersers and presumably dispersing its fruit. This suggests that the attractive quality of E. 
umbellata fruits may contribute to its overall success in the E.S. George Reserve. In contrast, B. 
thungbergii experienced little to no dispersal despite relatively high densities throughout forested 
areas of the reserve (Dave Allen, pers. communication). Although attempts were made to control 
for differences in types of seed dispersers that each plant species attracts, the methods employed 
in this study may have unintentionally catered to ground foragers that could in theory prefer E. 
umbellata. Alternatively, increased palatability of E. umbellata may explain higher rates of 
dispersal through the attraction of greater numbers or a greater variety of seed dispersers. A 
simple, subjective taste test of all three berries reveals superior palatability of E. umbellata. 
Since personal observations imply relatively high densities of B. thungbergii throughout the 
reserve, lack of preference for these berries suggest that dispersion of B. thungbergii is 
potentially mediated through a highly effective specialist disperser or the adoption of a protective 
strategy in the attraction/avoidance tradeoff.  Considering the number of “cheaters” that 
necessarily increases with attractiveness, protection of fruits from most “cheaters” through poor 
palatability is a legitimate alternative for successful dispersion. The well-known thorns of B. 
thungbergii present additional evidence in favor of this protective strategy.  

However, there are no current studies available that actually compare the densities and 
distributions of B. thungbergii and E. umbellata in the reserve. If such a study were undertaken, 
the vast preferences of seed dispersers for E. umbellata berries may in fact correlate with 
increased ranges and densities for E. umbellata (in comparison to B. thungbergii and V. 
trilobum). 

As for the native species, all V. trilobum treatments had low levels of dispersion, equal to 
that of B. thungbergii. Personal observation suggests that V. trilobum is fairly scarce throughout 
the reserve, supporting the hypothesis that less attractive fruits may limit density and dispersal. 
However, actual distribution data remain unknown.  

The presence of high densities of P. imparis is coincident with dispersion, suggesting that 
P. imparis may act as a food availability signal to other herbivores. Alternatively, crushing of 
fruit by larger herbivores may attract greater numbers of P. imparis (Ivette Perfecto, pers. 
communication). Regardless, field observations show that P. imparis mostly ingest fluids and are 
unlikely to remove whole fruits suggesting that most are in fact dispersed by other kinds of 
herbivores. 

 Kettle plots had relatively high rates of dispersal, which is likely due to the prevalence of 
chipmunks, squirrels and other small mammals in the area (Childress et al., unpublished). This is 
corroborated by field observations of chipmunks, squirrels, and burrows at the site. Large 
variances are an artifact of the experimental design, since two out of three treatments at each site 
consistently had little to no dispersal (B. thungbergii and V. trilobum). Despite this and a three 
hour decrease in time available for dispersal, kettle plots had more dispersal than both open and 
shaded habitats. The seclusion of the kettle habitat may have contributed to this increase in 
herbivory. Open and shaded habitats were well-trafficked in the daytime, which may have also 
discouraged seed dispersers. 

Site o5 was accidentally positioned around a J. virginiana tree, which interestingly had 
no dispersal. Since J. virginiana produces its own fruit, the frugivores of this tree may prefer not 
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to eat any of the fruits in this experiment, and also keep other potential frugivores at bay. Site k2 
had high levels of dispersal in both the night to morning and morning to afternoon counts, 
suggesting that frugivores may return to known food sources with some fidelity. 
 Canopy coverage had no effect on dispersion from night-morning, but sites with high 
canopy coverage had increased levels of dispersion during the morning-afternoon. This implies 
that coverage is important for daytime foragers, which likely prefer to forage in safe, concealed 
areas. Daytime foraging was overall lower than night-morning foraging, suggesting that dispersal 
is mediated mostly by nocturnal organisms. There was also less variety of herbivores seen from 
morning-afternoon, a potential explanation for the decrease in overall dispersion during this time. 
 Though the success of E. umbellata is potentially linked to the obvious palatability of its 
fruits, other invasive species like B. thungbergii are successfully dispersed despite an apparent 
distaste of many ground foragers for its berries. From these results, I speculate that both the 
attraction of many potential dispersers and the avoidance of most “cheaters” are two 
contradictory, but equally successful strategies for increasing dispersion and population sizes of 
fruit-bearing plants. 
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DISTRIBUTION AND BEHAVIOR OF TWO SPECIES OF APHID-TENDING ANTS 

LESLIE A. MCGINNIS 

ABSTRACT 

Ants interact directly and indirectly with plants in many ways.  Ants can defend 
plants from herbivores or competition from other plants, but they can also protect 
sap-sucking insects which harm plants.  Spatial distributions of ant species often 
follow a mosaic-like pattern.  I sought to determine if two ant species, Formica 
obscuripes and Prenolepis impairs, were competing for aphids and saplings and 
to see which ant species provided greater protection to aphids.  I mapped all 
aspens in a small grove and measured vegetation cover, plant height, aphid 
abundance, ant activity, aphid parasitism evidence, and other insect presence for 
46 aspen saplings along the edge of an abandoned field.  The ant species showed a 
mosaic like pattern, F. obscuripes preferred open areas, and P. impairs preferred 
covered areas.  P. impairs is less successful at deterring aphid parasitism and 
predation and also appears to be the inferior competitor.    

INTRODUCTION 

Plant-ant interactions are ubiquitous features of most ecosystems.  Ants can directly 
benefit plants by defending the plants from herbivores.  However, ants can also cause indirect 
negative effects on plants through tending and protecting homopterans.  These interactions can 
become amazingly complex.  Ant species richness often forms a pattern referred to as the “ant 
mosaic.”  Ants form distinct mosaics in which one species dominates a patch and another species 
dominates a nearby patch.   

Two species of ants, Formica obscuripes and Prenolepis impairs are able to tend aphids 
on aspen saplings.  I sought to describe any patterns emerging in the spatial distribution of 
Formica obscuripes and Prenolepis imparis within a grove of aspen saplings.  I investigated 
multiple factors that might cause patterns to emerge.   

My study investigated four related questions.   

(1)  Are there patterns in the spatial distribution of Formica obscuripes and Prenolepis 
imparis  tended aphid saplings within a grove of aspens?  Will we see a mosaic? 

(2) Do different species of ants compete for aphids and the saplings that the aphids occupy? 

(3) Is the resource of aphids partitioned along temperature and vegetation type gradients? 

(4) Are some ant species more effective at protecting aphids from predation and parasitism?     
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Based on preliminary observations, I hypothesized that saplings would be tended by only one 
ant species and tended saplings would form a mosaic.  I expected that Prenolepis impairs would 
be located in shaded regions and Formica obscuripes would tend to occupy aspens in the open.  
Finally, I expected that not only would Formica obscuripes outcompete Prenolepis impairs for 
aphid ownership, but Formica obscruipes would be a better farmer.  Formica obscruipes-tended 
aphids would enjoy greater protection from parasitism and predation due to the ant’s size and 
aggression.   

 
METHODS 

Study System 

The study site was located on the edge of the Evan's Old Field at the E.S. George 
Reserve, in Livingston County Michigan.   The old field was originally used for agriculture, but 
was abandoned prior to 1940 (Vandermeer et al. 2001).  Two species of ants, Formica 
obscuripes and Prenolepis impairs, tend aphids on aspen saplings.  The aspen saplings were 
clumped next to an adult aspen in a patch predominately composed of aspen and oak saplings.   
Observational data suggests that the two species do not like to be neighbors.  Formica obscuripes 
builds soil and detritus structures at the base of saplings or underground at the base.  Formica 
obscuripes are large native ants that often feed on seeds.  Prenolepis imparis is a small, invasive 
ant, with a peak activity level at temperatures from 7.8 to 18 °C (Talbot 1943).  

Figure 1: Formica obscuripes and Prenolepis impairs (California Academy of Sciences 2009) 

 

Sapling Mapping 

I located every aspen in the patch and marked each individual with a numbered flag.  I 
then measured the distance from each sampling to its neighbors and used these distances to 
determine relative locations. 

Sapling and Arthropod Characteristic and Competition Measurements 
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For each sapling I recorded the individual plant’s height, the presence of leaves, the 
presence of live aphids, the presence of dead parasitized aphid mummies, ant species present, 
aphid abundance class, ant activity level, whether or not the sapling was covered, other insects 
and spiders present, and any behavioral observations.  I differentiated aphid abundance for each 
sapling by creating a 5-tiered Aphid Abundance Class ranking system (0: 0 aphids, 1: 1-10 
aphids, 2: 11-50 aphids, 3: 51-100 aphids, and 4: >100 aphids).   I measured ant activity on a 5-
tierd Ant Activity Level scale (0: 0 ants, 1: 1-2 ants,  2: 3-5 ants, 3: 6-10 ants, and 4: >10 ants). 

RESULTS 

Aspen sapling ant-occupancy formed a mosaic.  With only two exceptions, all saplings 
were occupied by only one of the two species.  For these two exceptions, each sapling was 
dominated by one ant species and had only one individual of the other species present.  In the 
case of the Formica obscuripes dominated sapling with one Prenolepis impairs, F. obscruipes 
quickly removed the intruder, although removal appeared to be slower than expected due to cold 
temperatures and decreased F. obscuripes movement.  During collection of voucher specimens, 
Formica obscuripes violently bit tweezers even several seconds after being placed in ethanol.   

Figure 2:  Distribution of aspen saplings with aphid-tending ants by ant species present 
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My results suggest that P. impairs prefers to tend aphids under cover while F. obscuripes 
prefers to tend aphids in uncovered, sunny locations.    Ten out of eleven Formica-tended 
saplings had an underground nest at the base.  Informal disturbance of the shelter revealed that F. 
obscuripes retreat to the base.  F. obscuripes were more active during warmer temperatures and 
P. impairs seemed most active in the early morning or during overcast weather. 

Figure 3:  Formica obscuripes and Prenolepis imparis tended saplings as a function of coverage  

 

Figure 4: Aphid class and ant occupancy 

 

Presence of parasitized aphid mummies, coccinelids, and other arthropods suggests that 
P. impairs is less effective at protecting aphids than is F. obscuripes.  Aphid mummies were 
present on 5 Prenolepis -tended saplings, 0 Formica –tended saplings, and 1 sapling which was 
not ant-tended.  A coccinelid was present on 2 Prenolepis-tended saplings and 1 Formica-tended 
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sapling (note:  this sapling was a P. impairs dominated tree with only one individual 
F.obscuripes).  Spiders were found on 2 Prenolepis-tended saplings, 0 Formica-tended saplings, 
and 2 saplings not ant-tended by ants.  A presumably parasitic wasp was found on 1 Prenolepis-
tended sapling, but I was not able to capture it for identification.   

DISCUSSION 

Patterns between vegetation cover and ant species present were consistent with each 
species’ optimal foraging temperature.  Prenolepis imparis prefers to tend aphids under cover. 
They are a cold weather species and forage more when it is cold.  Formica likes to tend aphids in 
the open.  They were more active during warmer temperatures and relied on underground for 
protection against poor weather.  I did not locate shelters at Prenolepis impairs saplings. 

Many ant genera exhibit an optimal temperature range in which their activity level is 
directly influenced by temperature and slight decreases in temperature significantly reduce 
foraging activity (Gano and Rogers 1983, Talbot 1943). Previous studies have shown that 
vegetation alters microclimate and affects ants and, even within a day, ant species occupying a 
given area can differ due to their optimal temperature range (Lopez et al. 1992).  

F. obscuripes typically protects and farms larger aphid colonies than does P. impairs.  F. 
obscuripes is a more effective farmer.  They are better defenders against parasitic wasps, 
coccinelids, spiders, and other ant species. 

While, F. obscuripes appears to be dominant over P. impairs, further study would be 
needed to draw valid conclusions.  Further work should focus on quantifying the competition 
between P. impairs and F. obscuripes.  For example, what determines a high quality aphid 
sapling and will these high quality saplings be consistently occupied by the dominant ant?  Tests 
could include competition trials between each species in an ant arena along with trials placing 
one ant on a sapling dominated by the other species.  Aphid colonies could be established on 
saplings without ants in order to determine what ant species will colonize the sapling and how 
long the colonizing ant will remain dominant.   

Further work should also explore the larger arthropod community directly and indirectly 
interacting with the ants. I would monitor plants for parasitic wasps, capture and identify wasps, 
rear wasp larvae from parasitized aphids, and monitor responses of both Formica and Prenolepis 
to wasp presence. I would determine which ant species most effectively displaces ladybugs 
(coccinelid beetles).  Tests could include collecting large numbers of ladybugs, placing ladybugs 
on aphids, and measuring the amount of time between when the first ant touches the ladybug and 
that ant recruits enough other ants to make the ladybug fall off the plant. 
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A COMPARISON OF LITTER DECOMPOSITION RATES NEAR TREES ASSOCIATED 
WITH ECTO-MYCORRHIZAL FUNGI AND NON-ECTO-MYCORRHIZAL FUNGI 

 
JES SKILLMAN, JANE REMFERT, ELIZABETH HOOD, SERGE FARINAS, HSUN-YI 

HSIEH, COLIN DONIHUE, THERESA ONG, KRISTA MCGUIRE 
 
Abstract. The Gadgil hypothesis suggests that litter turnover rates will be slower 
in the presence of EcM. This hypothesis is contentious because researchers get 
different results depending on the location of their study and because the 
mechanism is unclear. Our study tests the ‘Gadgil effect’ in a temperate forest 
using a quick method. We approximated the average litter turnover rate under 
trees in symbiosis with ectomycorrhizae (EcM) and trees in symbiosis with 
arbuscular mycorrhizae (AM), and measured the percent of roots colonized by 
EcM in each site. We found significantly more EcM-colonized roots under trees 
in symbiosis with EcM. However, there was no significant difference in litter 
turnover rates, nor was there a significant correlation between litter turnover rates 
and the percent of soil colonized by EcM-affiliated roots. This suggests that either 
our methods were improper or that the mechanism suggested for the Gadgil 
hypothesis is incorrect.  

 
INTRODUCTION 

 
Background 
 The Gadgil hypothesis states that ectomycorrhizal (EcM) fungi are facultative saprotrophs 
that can suppress other decomposer fungi in order to slow the litter decomposition rate. 
Obligatory decomposers are better at breaking down litter because they can produce more 
enzymes than EcM fungi (Baldrian 2009). Therefore, if EcM inhibited obligatory decomposers 
in some way, it would allow them some extra time to access nutrients from the litter (Bending 
2003).  
 
 The Gadgil hypothesis was first suggested by Ruth and Peter Gadgil in 1971, who found 
that litter decomposition rates tend to be faster when EcM fungi are excluded from the soil 
directly below the litter (Gadgil and Gadgil, 1971). Other researchers have found that some EcM 
fungi do have limited ability to exude litter-decomposing enzymes, allowing them to break down 
organic compounds and extract nutrients such as nitrogen and phosphorus (Colpaert and van 
Laere 1996). 
  
  Nevertheless, the ‘Gadgil effect’, as some call it, is still contentious, even after 40 years of 
its existence. Many people have tested it. Some have found that litter decomposition rates are 
affected by the presence of EcM in the soil, but other researchers have not. (Koide and Wu 2003, 
Mayor and Henkel 2006). The fact that different researchers are getting different results suggests 
that either the mechanism is incorrect, or that there is a confounding factor that has not been 
studied. One possibility is that the ‘Gadgil effect’ only works in certain environmental conditions 
and is affected by temperature or moisture. This may be one reason why the Gadgils, Koide and 
Wu found significant results in temperate pine forests, but another research group found no 
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significant result in a tropical forest (Gadgil and Gadgil, 1971; Koide and Wu 2003; Mayor and 
Henkel 2006).  
 
 Our research group tested the Gadgil hypothesis in a temperate forest in order to test the 
idea that, in general, the ‘Gadgil effect’ is noticeable in temperate forests. We used a different 
method than is usual.  Normally, litter bags of a known quantity and quality are placed on top of 
two soil treatments: soil with EcM and soil without EcM, within a forest. Researchers then wait 
for litter within the litter bag to decompose for at least a year, at which point the weight, along 
with other variables, are re-measured and the difference in litter weight from the first day to the 
last day is used to determine the litter turnover rate (Gadgil and Gadgil, 1971; Koide and Wu).  
Due to time constraints, it was not possible for us to do this. Instead, we approximated the litter 
turnover rate using a combination of new and previously published data, and compared the litter 
turnover rate under trees that are known to only associate with EcM fungi with the litter turnover 
rate under trees that are known to only associate with arbuscular mycorrhizal (AM) fungi. AM 
fungi are unable to exude the enzymes necessary to decompose litter (McGuire, K. pers. comm.)  
Therefore, our prediction is that because this is a temperate forest, litter decomposition rates 
should be faster close to trees in symbiosis with AM fungi relative to soil close to trees in 
symbiosis with EcM fungi. 
 

 
METHODS 

Study Site  
 We sampled soil and litter along transects originating from 12 trees randomly distributed in 
a mid-successional forest near Esker Road on the E.S. George Reserve. There were three 
replicates of four different tree species, with Carya spp. and Quercus spp. in the canopy and an 
understory consisting of Acer rubra, Prunus serotina and Hamamelis virginiana.  Quercus alba 
and Quercus rubra x Quercus velutina are known to be obligately dependent on ectomycorrhizal 
fungi (Walker et al. 2005). The other two tree species, Hamamelis virginiana and Acer rubra, are 
known to form symbioses with arbuscular mycorrhizae (Comas and Eissenstat 2009).  Effort was 
made to choose specimens that were not in close proximity to adult Prunus serotina because P. 
serotina is known to exude anti-fungal substances, an issue that could affect the percent 
colonization of EcM roots (Zhou et al. 2002). 
 
Data collection 
 We partitioned three 5 meter transects starting at the trunk of the tree and extending away, 
and placed flags at one, three and five meter distances from the trunk of the tree.  We collected 
0.0676 m2 of litter at each flag by placing a square made of PVC pipe (26x26 cm) on the ground 
and collecting all the litter within the area of the square.  All leafy and woody litter that was still 
identifiable was collected and place in a plastic or paper bag.  All samples from the same 
distance were pooled for each tree, thus the three litter samples from 1m were placed in one bag, 
all three litter samples at 3m were placed in another bag and so forth. 
 
Determination of the percent of roots colonized by EcM fungi in the soil 
 We used a soil core to take soil samples to a depth of ~10cm directly below each site where 
we had collected litter.  Like the litter samples, the soil samples were pooled by distance from 
the tree.  Soil samples were then sifted and the fine root masses were extracted and placed in a 
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bag.  One investigator randomly chose 20 samples from each bag and used macroscopic features 
such as root branching patterns, root shape and the presence of fine hyphae to determine whether 
or not the soil samples were colonized by EcM fungi. 
 
Approximation of the Forest Floor Mass and determination of the Litter Turnover Rates 
 We determined the wet weight of all litter samples the same day we collected them. We then 
took small subsets (5-15g) of 12 litter samples, three randomly chosen from each tree species, 
back to the University of Michigan in order to get a measure of the average dry weight of litter 
per tree species. We weighed the sub-samples a second time immediately before drying them, 
and then placed them in a drying oven for three days at 65 C.  After three days, we again 
weighed the sub-samples, and then divided the dry weight by the wet weight of each sample to 
get a ratio. The dry to wet ratio for each species was averaged (three samples per average), and 
then this average ratio was used to calculate the dry litter weight for the soil samples for each 
species.  This weight was then scaled from g/m2 to kg/ha to calculate the forest floor mass 
(FFM).   
 
 We approximated litter turnover rates by dividing the forest floor mass by the average 
annual litterfall. The value for the average annual litterfall, 7524 kg/ha -1 y-1, was taken from data 
published on the website of the Long Term Ecological Research Center in Harvard Forest 
(McClaugherty et al. 2009). The data were taken at Prospect Hill Tract, a wooded lot with a 
similar tree species composition to the E.S. George Reserve study site. 
 
Statistical analysis 
  Four data points from the dry litter data set were excluded because they had a relatively 
large amount of woody detritus, giving them more mass and making them less comparable to 
foliar litter. Two of the data points were from the Quercus rubra x Quercus velutina sites, one 
was from the Hamamelis virginiana sites and one was from the Quercus alba sites. 
 
 Litter turnover rates were compared using a Mann-Whitney U test because they had unequal 
standard deviations.  A two tailed t-test was used to determine the significance of the difference 
in the percent of EcM root colonization under EcM-affiliated trees and AM-affiliated trees.  We 
then used regression analysis determine the relationship between litter turnover rates and the 
percent of EcM roots in the soil.  
 
 
 

RESULTS 
Study Site  
 Figure 1 shows a map of the locations of EcM and AM-affiliated trees in our study site. 
When choosing individuals to sample, care was taken to ensure that the EcM and AM trees were 
not located too close to one another.  However, due to topography and the presence of P. 
serotina, this was sometimes difficult. 
  
 As stated in the methods, we also strived to sample in areas that were relatively far from 
mature Prunus serotina. As shown in Figure 2, it was difficult (and sometimes impossible) to  
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locate a tree relatively far from P. serotina. Interactions with antifungal substance from P. 
serotina may have had some effect on the amount of EcM in the soil. 
 
Percent of roots colonized by EcM fungi in the soil 
  Figure 3 illustrates the percent of EcM root colonization in soil samples collected beneath 
trees known to associate with EcM fungi and trees known to associate with AM fungi. There is a 
significantly more EcM-associated roots below trees that associate with EcM fungi relative to 
trees that associate with AM fungi (2-tailed t-test; t=5.96; df=34; P<0.01).   
 
 
 
 

 
 
 
 

Figure 1.  The locations of EcM-affiliated trees (black 
triangles) and AM-affiliated trees (white triangles) in the 
study site.  
 

Figure 2.  The locations of EcM-affiliated trees (black 
triangles), AM-affiliated trees (white triangles) and Prunus 
serotina individuals (white circles)  in the study site.  
 

Figure 3.  . The percent colonization of EcM-
affiliated roots near trees in symbiosis with 
EcM-fungi (EcM Trees) and trees in symbiosis 
with AM-fungi (AM Trees). The difference 
between the two tree types is significant (2-
tailed T-test: P <0.01) 

Figure 4.  The turnover rate for leaf litter found under trees 
in symbiosis with EcM-fungi (EcM Trees) and trees in 
symbiosis with AM-fungi (AM Trees). The difference 
between the two tree types is not significant (MWU test;  
P=0.52). 
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Determination of Litter Turnover Rate 
 As shown in Figure 4, there is no 
significant difference in the leaf litter 

turnover rates for litter under EM-affiliated 
trees compared to litter under AM-affiliated 
trees (2-tailed Mann-Whitney U test; P=0.52).  
 
Relationship between Litter Turnover Rate and 
the percent of roots colonized by EcM fungi in 
the soil 
 According to the regression analysis shown 
in Figure 5, there is no significant correlation 
between litter turnover rates and the percent of 
roots colonized by EcM fungi (R2=0.0817; 
P=0.1128). 
 

DISCUSSION 
 
 Consistent with what we expected, trees associated with EcM fungi had a higher percentage 
of EcM colonized roots in soils within a 5m radius. However, AM-associated trees also showed a 
substantial amount of EcM colonized roots (~50%). This is likely due to the predominance of 
EcM trees in the forest and roots from neighboring trees and other plants also being present in 
our transects. 
 
 Litter turnover rates were not correlated with increasing colonization of EcM roots. This 
may be due to the mixed nature of root systems along each transect. A more thorough 
investigation would probably require a method of root exclusion of EM and non-EM roots. 
 
 Mayor and Henkel did not find a correlation between high EcM colonization and low litter 
turnover, although their results may have been confounded by incorrect sampling methods (K. 
McGuire, pers. comm.). This suggests that more studies need to be conducted to see whether 
there are other variables which may account for the contradictory results compared to Gadgil and 
Gadgil. A weakness in the Gadgil and Gadgil experiment is that they studied a monocultural 
stand of Pinus radiata. Perhaps different environmental variables can account for the differences.  
 
 One possibility is that different phylogenetic lineages of EcM vary in their ability to 
suppress the growth of other microbes. Ectomycorrhizae are not monophyletic (Esser et al. 
2002), so it is quite probable that there is a great deal of functional diversity. This may account 
for why some studies show a ‘Gadgil effect’, while others don’t. 
 
 Another possibility is that the mechanism is, in fact, not correct. For example, the effect of 
EcM on litter moisture may actually be a better explanatory mechanism for the Gadgil effect 
than competition. Koide and Wu (2003) showed that EcM extract a significant amount of 
moisture from the litter when they are active. Koide and Wu hypothesize that EcM are not 
competing with other decomposer fungi for nutrients. Rather, their ability to draw water out of 
the system causes the litter to dry out. The lack of moisture then inhibits decomposition.  

Figure 5.  Regression analysis (R2 = 0.0817, P = 
0.112) of the relationship between the litter turnover 
rate and the percent of soil colonized by EM roots. 
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 Like Koide and Wu, Baldrian (2009) also believes that there is not enough evidence to show 
that EcM fungi actually act as facultative saprotrophs. He suggests some alternative hypotheses 
that can explain differences in decomposition rates. He suggests that EcM only become 
facultative saprotrophs: (1) during periods when the supply of photosynthate from the host plant 
is low; or (2) during periods when a supplementary resource for massive mycelial production is 
required; or (3) any time during soil mining of the EcM extra-radical mycelia. If this is true, we 
could not account for such factors based on the variables measured. 
 
 The results of our study do not lend support to the Gadgil and Gadgil hypothesis of lower 
litter turnover under conditions of higher EM colonization. This is either because of the 
methodology of our study, or because the ‘Gadgil effect’ is not occurring at the E.S. George 
Reserve. Much more work is required, to understand how broadly the Gadgil hypothesis can be 
applied, if at all. The work of a number of researchers (Baldrian 2009; Koide and We 2003) is in 
contradiction to these findings. There may be a wide variety of factors that contribute to 
differences across ecosystems, including evolutionary lineage, environmental response, and other 
exogenous and endogenous factors.  
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