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AN ANT OF A DIFFERENT COLOR?: SPATIAL DISTRIBUTION OF ANTS IN A 
MODERATELY HETEROGENEOUS HABITAT, AND EVIDENCE FOR A NEWLY 

COMPETITIVE APHAENOGASTER SP. 
 

ANAT BELASEN, MARIE BEAUDOIN, ALLISON INJAIAN, KEVIN LI, RYAN 
HOM, AND JOHN VANDERMEER 

 
ABSTRACT 

 
The spatial distribution of ant communities on the E.S. George Reserve 

has been established in both heterogeneous and homogeneous habitats. Here, we 
sought to discover any differences in spatial distribution of the ants in a 
moderately heterogeneous habitat in order to determine whether ecological 
differences of the environment could alter the ant mosaic and interspecific 
interactions. We found that Aphaenogaster sp., an ant known to be a solitary 
forager in ecologically different habitats on the reserve, swarmed and out-
competed one to two species of Myrmica in the study area. Using 
presence/absence data, we attempted to discern where the ant species present fit 
into the discovery-dominance trade-off theory. However, without further research 
that includes additional time-steps as well as relative abundance and nest density 
measurements, it is unclear where exactly these species would fall between the 
‘discoverer’ and ‘dominator’ resource-gathering strategies. We posit that an 
intransitive loop could exist at this site, which warrants further study in the form 
of finer-scale behavioral assays and competition coefficient calculations.  

 
INTRODUCTION 

 
In community ecology, the spatial dimension has historically been ignored. However, 

spatial distribution in an ecological community may offer important insights into interspecific 
population dynamics. Populations or communities may be distributed randomly, uniformly, or in 
an aggregated fashion (Begon, Townsend, and Harper 2006). Each of these distribution patterns 
may indicate a distinct set of dynamic interactions or survival strategies. For example, a 
population of wild ungulates may aggregate to reduce risk of predation by lions. On the other 
hand, a population of frogs may be relatively uniformly distributed through a habitat as a result 
of intraspecific competition for high quality territories.  

In ants, it is often the case that a community is distributed in what is termed an “ant 
mosaic.” According to Room (1971), ant mosaics may result from multiple competitive 
dominant ant populations dispersing such that their ranges minimally overlap, allowing for 
coexistence. Ant species are known to apparently partition resources at fine spatial and temporal 
scales, which may give rise to this mosaic pattern (Albrecht 2001), but this partitioning is likely 
the result of interspecific competition. Since variation in the habitat influences the level of 
competition amongst ants, ant mosaics have been shown to vary with habitat heterogeneity 
(Palmer 2003). 

Although competition may not always explain spatial distribution patterns across taxa, 
competition is well-documented and apparently ubiquitous in ant communities (Holldobler and 
Wilson 1990). An important paradigm of ant interspecific competition is the dominance-
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discovery trade-off (Davidson 1998, Adler, Lebrun, and Feener 2007, Lessard, Dunn, and 
Sanders 2009). This phenomenon involves two major competitive strategies employed by ants: 
species that are more adept at discovering a resource are more competitive in the short-term, 
while species that are slower to find a resource must be more aggressive in overtaking the 
resource, and thus will be more competitive in the long-term. In other words, “discoverers” 
employ exploitative competition, whereas “dominants” employ encounter competition (Davidson 
1998). This trade-off may promote diversity in ant communities, as it has been empirically 
shown to lead to coexistence and thereby higher ant species diversity (Adler, LeBrun, and Feener 
2007). In fact, in at least one case, violation of the dominance-discovery trade-off by a highly 
competitive invasive ant has been linked to a dramatic decrease in ant species richness (Adler, 
LeBrun, and Feener 2007).  

Lessard, Dunn, and Sanders (2009) offer an alternative trade-off theory, where 
temperature mediates competitive interactions in ants. This dominance-thermal tolerance trade-
off theory claims that dominant ant species tend to forage in a narrow range of warmer optimal 
temperatures, while subordinate species tend to forage in a wider range of temperatures, and 
often in colder temperatures (Lessard, Dunn, and Sanders 2009). The authors support their 
hypothesis with the evidence that Prenolepis ants, which may be competitively subordinate, 
optimally forage at lower temperatures.  

In this study, the distributions of ants at the E.S. George Reserve (Pinckney, MI) were 
sampled to determine if overlapping or mosaic patterns were present within a moderately 
heterogeneous open forest. An intermediate level of habitat heterogeneity was selected because 
ant distribution patterns have already been assessed in areas of both high (Yitbarek, Vandermeer, 
and Allen 2011) and low (Maloney et al. 2010) habitat heterogeneity on the E.S. George 
Reserve. After observing behavioral differences between the ants, we discerned that one ant 
(Aphaenogaster sp.) may be an aggressive “dominator,” whose competitive advantage may 
become more apparent given time. Consequently, we returned after three hours to assess whether 
the community structure had changed. We examined our results in matrix form to qualitatively 
evaluate whether our results indicate that a competitive takeover occurs over time in this system.  
 

METHODS 
  
 The study area was a 48-meter x 48-meter plot of oak-hickory secondary forest located in 
the southeast of the E.S. George Reserve (Figure 1).  Forest growth dates back to the 1940s, 
except for a few older trees that were likely used as fence posts.  The topography is relatively flat 
and the understory is clear other than oak and hickory seedlings and low-spreading Vaccinium 
sp. ground cover.   
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           Figure 1. Location of the study site within  
the E.S. George Reserve.   

  
 
 We marked the site with flags in a coordinate system of 4-meter units, originating from 
the northwest corner (Figure 2).  The x-axis was lettered A-M and the y-axis numbered 0-12.  A 
10-cm diameter circle was cleared around the flag at each coordinate point to facilitate ant 
observation.  At approximately 9 AM, tuna fish baits were placed at the center of each circle.  
We recorded the number of ant species present at each bait at approximately 10 AM.  Present ant 
species were recorded again in the afternoon between 2 and 5 PM in order to observe changes in 
dominance. 
 
        Figure 2. Sampling grid        

    
  
  
 Ants were identified through visual inspection, using key characteristics that allowed 
identification to genus, and in some cases to species.  Identification guidelines are summarized in 
Table 1. 
 
 
 
 
 

Tuna fish baits in  
10 cm diameter 
clearings 

4
m	  

4
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Table 1. General guidelines used in identifying ant species 

 
 
 

Sub-family  
key characteristics 

Genus  
key characteristics 

Species  
key characteristics 

Aphaenogaster 
sp. 

Two petiolar segments “sway-back” thorax 
outline 

 

Myrmica 
americana 

Two petiolar segments Straight thorax outline, 
sculpturing on thorax 

Notch at base of antenna 

Myrmica sp. 
“Red Thorax” 

Two petiolar segments Straight thorax outline, 
sculpturing on thorax 

No notch at antenna base 
Reddish tinge to thorax 

Prenolepis sp. One petiolar segment Small, ubiquitous 
swarms 

 

Camponotus 
sp. 

One petiolar segment Petiolar spine, smooth 
thorax outline 

 

Formica sp. One petiolar segment Notch in thorax outline, 
petiolar spine 

 

Lasius sp. One petiolar segment Similar to Formica but 
smaller 

 

 
 

RESULTS 
 

 First Data Collection 
 The first data collection revealed eleven species of ants: Prenolepis imparis, Myrmica 
americana, Aphaenogaster sp. (species undetermined), Myrmica “red thorax” (species 
undetermined), Formica subsericea, Sola molesta, Camponotus noveboracensis, Lasius alienus, 
Camponotus “no fuzz” (species undetermined), Formica “semi-black” (species undetermined), 
and Myrmica “black” (species undetermined).  Four species, P. imparis, M. “red thorax,” A. sp. 
and M. americana, had the highest at-bait frequencies, found at 212 plots total. The remaining 
species, F. subsericea, S. molesta, C. noveboracensis, L. alienus, C. “no fuzz”, F. “semi-black,” 
and M. “black,” had the lowest at-bait frequencies, found at 19 plots total.   

 
 
 P. imparis was found at 127 baits, M. “red thorax” was found at thirty-nine baits, A. sp. 
was found at 28 baits, and M. Americana was found at 18 baits (Table 2).  More than one species 
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were found at 43 baits, with P. imparis and M. “red thorax” as the most common pairing and M. 
americana and M. “red thorax” as the least common pairing (Table 2). For the purposes of this 
study, only the behaviors of the 4 most prominent species, P. imparis, M. “red thorax,” A. sp., 
and M. americana were analyzed. 
  Of the 169 baits, only 2, A8 and A11, were found with no foragers after the first data 
collection.  Spatial distribution trends showed P. imparis was consistently spread evenly over the 
plot area, while M. “red thorax” and Aphaenogaster sp. were concentrated in rows A-G and J-
M, respectively (Figure 3).  There was minimal overlap between M. “red thorax” and 
Aphaenogaster sp., however further distribution trends suggested that M. americana was absent 
at sites where Aphaenogaster sp.  or M. “red thorax” were present (Table 3, Figure 3). 
 

Figure 3.  Schematic depicting species distributions after the 
first data collection. Key: P. imparis, black circle, M. “red 
thorax,” red diamond, A. sp., yellow diamond, and M. 
americana, orange diamond.   

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 Second Data Collection 
 The second data collection revealed seven ant species: P. imparis, M. americana, 
Aphaenogaster sp., M. “red thorax,” Formica “semi-black,” Camponotus noveboracensis and 
Lasius alienus.  Of the previous four prevailing species, P. imparis was again the most frequent 
forager, found at 127 baits. A. sp. was the second most frequent forager, found at 60 baits, with 
M. americana at 14 baits and M. “red thorax” at only 2 baits (Table 2).  The number of species 
pairs found at a single bait decreased from 49 in the first data collection to 31 in the second data 
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collection.  Of the pairing that occurred, over 75% were a combination of Aphaenogaster sp. and 
P. imparis, while Aphaenogaster sp. had very low pairing frequencies with both M. americana 
and M. “red thorax” (Table 3). 

 
 

A. sp. had the greatest increase of foraging locations from the first to second data collection, 
increasing by 32 baits. M. “red thorax” showed the greatest decrease of foraging locations from 
the first to second data collection, decreasing by 37 baits. P. imparis and M. americana stayed 
fairly steady – only decreasing by two and four baits, respectively.  P. imparis and M. americana 
tended to remain at the same baits over the total sampling period.   Aphaenogaster sp. showed a 
trend in which the species spread to forage at rows A-K, while also remaining at its original 
baits, rows J-M (Figure 4).    
 

Figure 4.  Schematic depicting species distributions after the 
second data collection. Key: P. imparis, black circle, M. “red 
thorax,” red diamond, A. sp., yellow diamond, and M. 
americana, orange diamond.  From the first to second data 
collection 24 baits changed from forage sites of M. americana 
or M. “red thorax” to forage sites of A. sp.  
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DISCUSSION 
 
Because we did not continually monitor the study area to determine the “winners” of 

competition, and thus where the eventual long-term ranges of the species observed would lie, it 
is difficult to discern whether an ant mosaic occurs in this area. However, we did find evidence 
of different foraging strategies among the ants in this study plot. The spatial distribution of P. 
imparis appears to be fairly consistent across the study area and sample period. The ubiquity of 
this genus throughout the site may indicate a uniform spatial distribution that explains the 
apparent speed at which P. imparis was able to find the ant baits.  There is also much co-
occurrence of P. imparis with other genera.  It is unknown, however, if this is because this 
species is tolerated by other ants, or if they forage in numbers that are high enough to resist being 
“overthrown.” The former explanation would be evidence for P. imparis as an exploitative 
competitor (Davidson 1998).  

The distributions, both spatial and temporal, of Myrmica and Aphaenogaster appear to be 
more complex. Initially, both morphospecies of Myrmica were fairly evenly distributed 
throughout the study site while Aphaenogaster sp. appeared to be mainly confined to the 
southeast corner of the plot.  Approximately three hours later, Aphaenogaster sp. was found 
throughout the site while Myrmica, especially M. “red thorax,” was absent from most baits.  
This seems to indicate a gradual takeover by Aphaenogaster sp. from Myrmica ants.  If this is the 
case, it may indicate entirely different foraging strategies between the two genera: Myrmica is 
able to discover resources quickly, while Aphaenogaster, arriving later, is able to out-compete 
Myrmica for the same resources.  A problem with this theory, however, is that Aphaenogaster 
spp. ants have historically been observed as solitary foragers (Vandermeer lab group, University 
of Michigan, personal correspondence), which is not typical of dominant-type ants (Davidson 
1998).  

An intransitive loop provides a possible mechanism for the co-existence of the species 
found in this site. In ecological theory, an intransitive loop occurs when competition coefficients 
depict the following interactions: α21>α12, α32>α23, and α13>α31. In other words, each species 
dominates over another species and is in turn dominated by a third, which is dominated by the 
first. This loop results in a continuous change in relative species density and distribution: one 
species drives out an inferior competitor and that species then is driven out by a superior 
competitor (Vandermeer 2010). In this study, Aphaenogaster sp. apparently out-competes the 
Myrmica spp., but it is unclear whether these species out-compete P. imparis due to its 
apparently constant at-bait frequency.  

With our results, it cannot be determined whether, given time, P. imparis would 
eventually be out-competed by a more dominant competitor, which would hold true under the 
dominance-thermal tolerance trade-off theory, given P. imparis’s wide thermal tolerances 
(Lessard, Dunn, and Sanders 2009). We suspect this may be the case, as P. imparis later 
commenced evacuation of feeding sites with even the slightest disturbance (e.g. when a 
researcher blew on them or came in close contact) when the second observations were recorded 
(this was not apparent in our data, as we strictly recorded presence/absence). This finding may 
also provide evidence for the existence of an intransitive loop amongst the most frequent genera 
we observed. 

In future studies, calculation of the competition coefficient will prove important in 
understanding the dynamics of the system. Because we did not take into account resource use 
and relative density of each species or their respective nests, it is difficult to discern whether an 
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intransitive loop exists in this system. The presence of an odd versus an even number of species 
can also affect the spatial pattern observed. When an even number of species are present, half of 
the species may become extinct while the other half live independently at their carrying 
capacities (Vandermeer 2010). This study may have demonstrated the basic pattern of 
intransitive loops, but since it was difficult to identify certain species of Myrmica, the spatial 
pattern observed may have been the result of other ecological factors. Finer scale observation 
may better demonstrate whether P. imparis possesses superior competitive ability over 
Aphaenogaster sp. or whether, given time, these two species would survive at their respective 
carrying capacities while Myrmica spp. would go locally extinct.  
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COMPETITIVE INTERACTIONS IN PRENOLEPIS, MYRMICA, AND APHAENOGASTER: 
EVIDENCE FOR AN INTRANSITIVE LOOP 

ALEX TAYLOR, MARIA RIOLO, BEATRIZ OTERO-JIMENEZ, LEAH MURRAY, PAUL 
GLAUM AND JOHN VANDERMEER 

ABSTRACT 

 Three genera of ants - Prenolepis, Myrmica, and Aphaenogaster - coexist 
in the same habitats of the E.S. George Reserve despite relying on highly 
overlapping resources, in an apparent violation of Gause's competitive exclusion 
principle. Based on previous literature and observations, we hypothesize that the 
coexistence of these three genera is a result of a stable, three-pointed intransitive 
loop, which produces an equilibrium of competitive advantages that prevents any 
one genus from taking over. To further investigate the competitive interactions 
between these ants, we set tuna baits in both 1m long arenas and a 24 m transect 
line to observe the spatial and competitive dimensions of ant foraging. We 
observed foraging behavior largely in line with our hypothesis for Myrmica and 
Prenolepis, but did not observe Aphaenogaster due to a misplaced arena. These 
results, though far from conclusive, suggest the possibility of an intransitive loop 
in competitive interactions between these three genera. 

 

INTRODUCTION 

 The optimal foraging strategy for a given species is a function of a host of factors, such as 
the spatial and temporal distribution of food, the diversity of available food sources, and physical 
limitations such as temperature and light. One important variable is competition, and the 
traditional ecological view of its effect - derived from Gause’s competitive exclusion principle – 
is that niches will be partitioned such that competition is minimized (Hardin, 1960). However, it 
has recently been suggested that, under certain conditions, an intransitive loop of competition 
may form between three species that allows them to coexist in an oscillating equilibrium despite 
potentially fierce pairwise competition between any two of the species (Vandermeer 2010). Like 
the child’s game “rock, paper, scissors,” this can happen if the characteristics that give a species 
competitive advantage over another species are less effective against the third in the loop. In 
such a circumstance, the distribution of competitive advantages will prevent any particular 
species from dominating the loop. 

Prenolepis, Myrmica, and Aphaenogaster are three genera of ants (Formicidae) in the 
E.S. George Reserve with largely overlapping food sources. Since all three forage for dead 
animals (Vandermeer, personal communication), standard competitive exclusion principles 
might predict that these species would partition resources, for example by specializing in a 
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particular kind of dead animal. Yet empirical observation casts doubt on this hypothesis, as all 
three genera appear to be wide generalists and live in the same habitats; observed competition 
over individual food items can be intense. In this study, we investigated further the dynamics of 
the ant competitive interactions in the hope of explaining exactly how the diversity observed is 
maintained in the face of high competitive coefficients between the three genera. 

We hypothesized that these three species formed an intransitive loop, in which the 
Prenolepis exhibits an “area control” advantage over Myrmica, Myrmica exhibits a “discovery 
advantage” over Aphaenogaster, and Aphaenogaster closes the loop by exhibiting an “aggression 
advantage” over Prenolepis. Each ant is using their advantage against both other species, but we 
wanted to see if the relative strength of these interactive effects was such that they formed an 
intransitive loop, and thus a stable equilibrium that could maintain the diversity observed in the 
face of fierce competition. 

Figure 1: A stable, intransitive competitive loop between Myrmica, Aphaenogaster, and Prenolepis 

 

 

METHODS 

 Using ant spatial distribution data from previous work done on the 50mx50m moderately 
homogeneous plot on the E.S. George Reserve, we identified three areas seen to be dominated by 
one of the three species in question (Belasen et al., 2011).  Each area had debris cleared in a  1 m 
long half circle pattern in order to make observation of ant activity easier.  Ten flags were placed 
equidistant apart along the arc of the half-circle and placed just inside the cleared part of the 
chosen arena.  Approximately equal amounts of tuna bait were placed at the base of each flag; 
tuna was used as bait because it is seen to attract a wide variety of ants.  Observation of ant 
activity on the tuna in each area was done in pairs with one student taking notes and another, 
myopic student observing from inside the curve of the half circle.  Observations lasted one hour 
with the observer moving from flag one to flag ten in one minute verbalizing their observations 
of the ant count on each tuna bait station.  If a single observation lasted longer than one minute, 
the next minute’s observation was skipped and the observer began observing again on the next 
full minute.  This gave us approximately 60 observations per session and was done twice in the 
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day, once at 8:08am and again at 1:40 pm.  An additional single minute long observation was 
conducted 120 minutes after the first observation of the day. 
 In order to gain an approximation of the nest location of Prenolepis and investigate the 
possibility of an intransitive loop process involved in the movement of the three species, we used 
the grid pattern set up at moderate homogeneity plot and drew a 24m transect across the plot.  
Along the line we placed tuna bait at 20cm intervals.  The line was broken into three 8m sections 
and observations of each 8m segment were conducted in pairs similarly to the observation of half 
circle described above.  These observations along the transect were also done twice, once in the 
morning and once in the afternoon, each time after the observations of the half circle plot.   

 

RESULTS 

We observed a difference in the foraging behavior of Myrmica and Prenolepis. Myrmica 
arrived at the baits in small "scout parties" of 3 to 7 ants, and then left. In contrast, Prenolepis 
slowly swarmed baits. Our arena for Aphaenogaster observation was misplaced, resulting in few 
observations of that genus. On the transect line, we observed intraspecific Prenolepis fights at 
intervals 1-2 m apart, possibly indicating a rough measure of the Prenolepis colony ranges. 

Figure 2: Myrmica display a foraging pattern in line with a "discovery advantage", arriving at and leaving 
baits quickly. Darker shaded bars indicate higher ant presence. The arenas were 1m in length (the numbers on the X 
axis represent 10s of cm). 
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Figure 3: Prenolepis display a foraging pattern in line with a "control over area" advantage, swarming baits 
that are within their relatively small range. This arena was moved between the morning and afternoon - the morning 
distribution appears to show two separate colonies, while the afternoon appears to show an edge of a foraging range. 
Darker shaded bars indicate higher ant presence. The arenas were 1m in length (the numbers on the X axis represent 
10s of cm). 

 

Figure 4: Stark difference in Myrmica (blue) and Prenolepis foraging behavior at baits over the course of 
an hour. Myrmica numbers go up and down as scouting parties come and go, whereas Prenolepis numbers steadily 
increase as the bait is swarmed. 
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Figure 5: Fight Locations along the 24m transect line. Dots represent baits where Prenolepis is present, and 
X's represent intraspecific fights in Prenolepis. This chart suggests a small range of Prenolepis colonies, in line with 
previous research (Talbot 1943). However, the data is inconclusive as the transect line may be a chord, diameter, or 
tangent line to the true ranges. 

 

 

DISCUSSION 

While the data we collected was far from conclusive, it does suggest the possibility of an 
intransitive loop in which the foraging behaviors of each ant species positions it as a better 
competitor than one ant and a worse competitor than the other. In particular, the data regarding 
the foraging behavior of Myrmica and Prenolepis points to ethologically-partitioned resources. 
This may form part of an equilibrium that could be an important factor when accounting for the 
coexistence of ant species with similar niches (Perfecto 1994, Albrecht and Gotelli 2001). 
Myrmica are shown to discover resources faster than Prenolepis, appearing on baits in small 
groups, taking the resource and then leaving. On the other hand, Prenolepis took a longer time to 
discover the baits, but once the resource was found large groups appeared and took control of the 
area. In itself, this points to a discovery/dominance tradeoff, a phenomenon that has been 
documented before (Davidson, 1998). However, when considered with casual observation of the 
Aphaenogaster behavior of aggressively taking over baits, this data opens the possibility of an 
intransitive loop of the kind we hypothesized. 

Results from the transect line experiment suggest that Prenolepis colonies have a 
relatively small foraging range which supports observations by Talbot (1943). Fights along the 
transect line could represent the defense of a resource by different Prenolepis colonies in the 
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borders of their small foraging territory, demonstrating the area-controlling behavior of the 
species. In addition, we casually observed that many of the times we observed Myrmica, they 
discovered baits first, hinting at Myrmica's discovery advantage. This data supports previous 
work on the behavior of these genera. Studies have shown that Myrmica often defend their nests 
but not their foraging territory (Savolainen and Vepsäläinen 1988, Elmer et al. 1998). Myrmica 
foraging territory (2m to 8m; Elmes et al. 1998) is larger than that of Prenolepis (2m; Talbot 
1943), which makes sense in light of the observations we made; Myrmica have a wider range 
that they "scout" in, whereas Prenolepis has a small range within which they must capitalize on 
every opportunity. Myrmica has the ability to find new resources, use them and leave to continue 
foraging. However, Prenolepis display more control over their range; when a new resource is 
found they swarm, and defend it from other colonies or species (Talbot 1943). Difference in 
foraging behavior of these two species may permit their coexistence (Perfecto 1994) in a 
discovery/dominance tradeoff (Davidson, 1998), or in an intransitive loop with Aphaenogaster 
(Vandermeer 2010). 

These ethological characters of the ants can be conceived as an orthogonal dimension of 
the niche space, and in this framework we can see each species occupying a separate 
multidimensional niche even though their niches overlap heavily with regard to the resources 
they consume (Vandermeer 2010). That is, the fact that they have partitioned the niches of 
aggression, control, and discovery along a behavior axis means that they can compete over the 
same resources and still coexist. However, it must be emphasized that the data we have presented 
here is a far cry from conclusive evidence of an intransitive loop of this kind - the most glaring 
gap is the lack of data on the competitive behavior of Aphaenogaster, the third member of the 
proposed loop. Further evidence that could strengthen the case for an intransitive loop would be 
a more detailed accounting of the natural history of each species, including specific foraging 
preferences. 
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A COMPARATIVE STUDY OF THERMAL TOLERANCE AND OPTIMAL 

TEMPERATURE RANGE AMONG FORMICA OBSCURIPES IN THE FOREST AND FIELD 

AT THE E.S. GEORGE RESERVE 
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VALENCIA 

 

ABSTRACT 

The purpose of this study was to compare thermal tolerance and optimal 

temperature range among  Formica obscuripes collected in the forest and the field.  

We found that ants collected in the field had significantly higher thermal 

tolerances than ants from the forest.  There was significantly difference in optimal 

temperature range based on a thermal gradient experiment within individuals from 

the forest and within individuals from the field. We did see a pattern where the 

ants collected in the field chose higher temperature in the thermal gradient 

experiment, but we did not find significant differences in optimal temperature 

range between the forest and field possible due to low sampling size.  A pattern of 

difference in optimal temperature These results have implications in 

understanding a distribution of a species within an area due to microclimates. 

 

INTRODUCTION 

Distribution of individuals within a community and species among geographic area has 

been linked to temperature ranges related to body function (Greenslade 1972; Huey and 

Stevenson 1979). In particular, ectotherms have a performance curve as a function of their body 

temperature (Huey and Stevenson 1979).  Studies have shown that an ectotherm have a upper 

critical temperature and low critical temperature that creates a tolerance range for their body 

temperature where they are no longer able to perform (Huey and Stenveon 1979; Torres 1984; 

Wittman, et al. 2010).  Ectotherms also show an optimal temperature range where the animal 

best perform (Greenslade 1972; Huey and Stevenson 1979).  These optimal and critical 

temperatures have been connected to the geographic distribution of ectotherms (Huey and 

Stevenson 1979).  Within species of ants, differences have been found in nest activity and 

running performance at different temperatures as well as positions in a preference chamber 

experiment, suggesting that ants do have an optimal temperature range  (Greenslade 1972; 

Azcarate, Kovacs et al. 2007).  Ant species have also shown differences in thermal tolerance to 

high temperatures (Torres 1984; Wittman, Sanders et al. 2010).   

While optimal and critical temperatures may help explain the distribution of different 

species across larger geographic areas, temperatures vary within a particular ecosystem 

depending on microclimate factors.  Within a particular geographic location, the range and 

variation in temperatures differs between a forest and field.  Forests have lower temperatures as 

compared to a field.  In addition, fields have more variation in soil temperature throughout a day 

due to light exposure (Davies-Colley, Payne et al. 2000).   The differences between microclimate 

factors may result in different thermal tolerances among species and within species within a 

small geographical location.  Wittman, et al. (2010) found a relationship between low thermal 

tolerance and species abundance in shaded areas.  In addition, Torres (1984) found significant 

differences in critical temperature between ants from the field and forest within the same species, 

suggesting that microclimate factors could affect the distribution of a community.  
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 The purpose of this study was to look at the possible effects of varying temperatures 

within an ecosystem on the distribution of a community of ants.   We specifically studied 

Formica obscuripes, a thatching nest species that are known to be solitary foragers.  This species 

has been known to show differences in both running speed and activity at nest according to 

temperature and amount of sunlight (O'Neill and Kemp 1990).  We wanted to know if Formica 

obscuripes from a location in the forest and a location in the field would show differences in 

their thermal tolerance and optimal temperature.  To determine differences in thermal tolerance, 

we compared the behaviors of a sample of ants from the forest and field when subjected to 

increasing high temperatures. To determine optimal temperature range, we created a preference 

chamber experiment and recorded the position of the ants from both nest along the temperature 

gradient for five minutes.  We predicted that Formica obscuripes from a nest in the field would 

show higher thermal tolerance and temperature preferences than the same species from a nest in 

the forest.  

 

 

 

METHODS 

Study Area and Collection Methods 

 This experiment was conducted at the Edwin S. George Reserve on September 24, 2011.  

We collected field-dwelling Formica obscuripes from two nests less in the same open field 

adjacent to an oak/hickory forest at the Northeast corner of the Reserve near the experimental 

ponds. We collected forest-dwelling Formica obscuripes from one nest in an oak/hickory forest 

just outside the South gate.   We aspirated the ants and stored them in small vials for 

transportation. 

 

Heat Tolerance 

 20 ants of from the field location and 40 ants of from the forest location were placed in 

individual vials and inserted into metal blocks.  These metal blocks were then placed onto a 

VWR heat block and then heated.  For each increase in 1
o
C, we observed the ants in order to 

assess how many ants expired at a given temperature.  This experiment continued until all ants 

expired. 

 

Thermal Gradient 

 We constructed a thermal gradient using a 24-cm plastic tube placed into a large plastic 

bin.  At one end of this bin was a jar filled with near-boiling water and at the other end was a jar 

filled with ice water.  In order to establish a relatively even thermal gradient, plastic bags filled 

with water were placed between the two jars and the entire bin was filled with water.  An ant 

would then be placed into the tube and shaken until it reached the approximate middle of the 

tube.  Then this tube was taped to make it watertight and placed into the bin.  The ant would then 

be monitored for five minutes.  Every fifteen seconds, we recorded the ant’s location within the 

tube.  At the beginning and end of each trial, we recorded the water temperature at both extremes 

to ensure consistency among the trials.  In total, ten ants, five from the field location and five 

from the forest location, were assessed. 

 

RESULTS 

Heat Tolerance 
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 When we compared the heat tolerance of the Formica obscruripes from the forest and the 

field, we found significant differences in the amount of mortality at a given temperature between 

the two groups (Mann-Whitney U=204.5; p=0.016) (See Figure 2). The ants from the field had a 

significantly higher thermal tolerance than the ants from the forest.  A best-fit linear for the 

percent of ant mortality in logits the shows similar slopes in the groups at different temperatures, 

further confirming the differences in heat tolerance (See Figure 2).   
 

Figure 1: Temperature at mortality by location for Formica Obscuripes by location of field or forest.  Significant 

difference exist between the forest and field (Mann-Whitney U=204.5;  p<0.05).  

 
         Field     Forest 

 
 

Figure 2: Mortality in logits for field and forest Formica obscuripes. The graph shows similar slopes at different 

temperatures.  

 
 

 

Thermal Gradient 

 We found a large amount of variation among the location and behavior of the ants within 

the thermal gradient during the five minutes existed with the five Formica obscuripes from the 

forest (see Figure 3).  In particular, one ant stayed at the 20-22 cm mark for the five minutes.  

Other ants within the group walked between a range of 20 to 2 cm within the tube over the 

course of the five minutes. For the field, an independent Samples Krusckal-Wallis Test showed 

the distribution of the locations of the ants was not the same across the different subjects (test 
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statistic=47.758; p<0.001). In particular, there was significant differences (p<0.001) between the 

locations of field ant 2 and the other four ants tested from the field.   

 
Figure 3: Line graph of location of the field Formica obscuripes over time during the five minutes within the 

temperature gradient. The graph shows variation in location and behavior the time period.  

  

 

Likewise, we found a large amount of variation among the location and behavior of the 

ants with the thermal gradient during the five minutes within the five Formica obscuripes from 

the forest (see Figure 4).  for the forest, an independent Samples Kraskal-Wallis test showed that 

the distribution of the location of the ants was not the same across the different subjects (test 

statistic=20.118, p<0.001). In particular, there was significant differences (p=0.004) between 

subjects 1 and 4 and subjects 5 and 4. 

We found no significant difference between the field and forest for the location of the 

ants along the thermal gradient (Samples Mann Whitney U=3.00; P=.117) (See Figure 5).  

Looking at the locations of the ants from the field and forest there does seem to an emerging 

pattern where field ants choose lower temperatures, but there was no significant difference 

between the two groups. 
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Figure 4: Line graph of location of the forest Formica obscuripes over time during the five minutes within the 

temperature gradient. The graph shows variation in location and behavior the time period.   

  
 

 

  

Figure 5: Mean location and standard deviation within the temperature gradient for the Formica 

obscuripes in the forest and the field. No significant difference exists in the mean location between the 

groups.   
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Figure 6:Boxplot of location of individual Formica obscuripes in the field and forest. Boxplot shows 

pattern of ants from the field choosing higher temperatures.  

 
 

DISCUSSION 

Formica obscuripes from the field and from the forest responded differently to 

temperature exposure as we predicted. We found that ants exposed to more extreme 

environments (field ants), were more tolerant to high temperature, similar to the results found by 

Torres (1984) .This suggests that thermal tolerance may play a role in distribution of a 

population (Wittman, et al., 2010).  The difference between the groups suggests phenotypic 

plasticity within the Formica species. Colonies exposed to different field conditions would 

develop traits apt for those conditions.  Torres (1984) suggested that temperature differences 

from moving into the forest affects colony activity and fighting abilities as well as development 

of larae and pupae.  Difference in temperature response among the field and forest ant could be 

mediated by long colony exposure to those conditions, resulting in different activity among the 

ants.  Another phenomenon that might be occurring is that individual ants that are less tolerant to 

extreme weather within the colonies are dying off. In this scenario only the most resistant 

individuals are the ones currently present in the colony. This could be particularly true now that 

we are approaching the fall, since they would have needed to survived the summer. 

F. obscuripes from the field and from the forest did not choose significantly different 

temperatures in the temperature gradient experiment. We expected that ants from the field would 

choose higher temperature in the experiment. However, no differences in choice of temperature 

could mean that even thou these ants can tolerate extreme temperature environments, they would 
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not necessarily choose these environments. Although Greenslade (1972)  did show that different 

species tended to choose different temperatures within his thermal gradient experiment, the ants 

within a species may have a particular optimal temperature range that extends to all of the ants.    

We did find variation among the individual ants in both the forest and field during a 

temperature gradient experiments.  Other studies have found a large amount variation in 

temperature preference and tolerance within a species of ants.   For example, ants of different 

roles and sizes within the same colony have been shown to have different temperature tolerance 

and optimal temperatures. Larger ants tended to have higher tolerance than smaller ants (Cerda 

and Retana 1997).  We did not control for the size or role of the ants when sampling, which 

could confound our results.  In addition, the differences in thermal tolerance among the field and 

forest Formica obscuripes could be explained by difference in sizes among the foragers of the 

two nests.  

We did see a slight pattern in our results. This pattern indicates that ants from the field 

were choosing higher temperatures along the temperature gradient relative to ants from the forest. 

This emerging pattern suggested that we may not have found significant results due to our small 

sample size. Moreover, better and more thermometers could have aided in ensuring a consistent 

temperature gradient throughout the experiment.  

The differences in thermal tolerance within a species have implications for how a 

population can be distributed. Further investigations in this area with a larger sample size and 

more controlled sampling might provide more information on how critical and optimal 

temperatures are related to species distribution within a habitat. Information on genetic 

differences among the two ant groups would help explain what mechanism may be involved in 

these differences. Finding similar trends within other species would also contribute to our results.  
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INTRANSITIVE LOOP AND ANT SURVIVAL STRATEGIES CHANGE WITH 
TEMPERATURE 

MARIANA VALENCIA, LEAH MURRAY, ERIN BURKETT, ANNA ARIAS, ALEX 
MOORE, JOHN VANDERMEER 

ABSTRACT 

  Intransitive loop theory gives an alternative explanation to species 
coexistence despite overlapping resource needs and varying abiotic factors, 
including temperature. This theory can be applied to three ant species that utilize 
different survival strategies within the E. S. George Reserve. The intransitive loop 
hypothesis indicates that all three of these species coexist with different strategies 
to obtain resources. More specifically to our system, Myrmica arrives first to the 
area as she discovers the bait. Prenolipes beats Myrmica as she swarms rapidly 
through the bait. Aphaenogaster, fights with Prenolipes as she also swarms, but 
now aggressively through the bait. We study how this dynamic change across 
multiple transects in response to temperature. We found that the spatial 
distribution all of these species changed over time and in response to temperature. 
During cooler temperature periods Prenolipes arrives at the baits before Myrmica, 
and during higher temperature conditions Myrmica arrives to the baits earlier than 
Prenolipes. At higher temperatures, Aphaenogaster aggressively takes over 
Prenolipes baits but is virtually absent at cooler temperatures. Both during warm 
and cold periods, Prenolipes is prevalent on the baits. This result suggests that all 
three ant species change their behavior dependent upon temperature. This sheds 
further light on intransitive loop systems that can shift spatially depending on  
temperature-based factors.  

INTRODUCTION 

 Classic resource competition theory suggests that species do not coexist under the same 
resources (Tilman 1977). Often in nature, however, we find many species that are strong 
competitors and coexist. In a space with more than one niche dimension, species that use the 
same resources can be held together through an intransitive loop (Vandermeer 2010). In this 
framework, multiple strong competing species can survive together using the same resources 
because they have different survival strategies. The structure of the intransitive loop is 
determined by the direct interaction among species and their different strategies for survival. 
Here we test the idea of intransitive loop among three ant species that forage on the same 
resources, and that overlap along the same multidimensional niche space.  

 The natural history of three competing ant species at the George Reserve, suggest that 
they coexist in an intransitive loop. All three species have their unique survival strategy. 
Prenolepis imparis, have large nests that are fixed in a given area for long term periods of time. 
This species swarms during foraging periods and it has the most prolonged season activity, hence 
it is aptly named the “Winter Ant” (Clyde 1941). Myrmica americana, is a discover and has 
small scouting parties that move far distances to find food (Alex Taylor personal 
communication). Aphaenogaster treatae, is an aggressive ant that is similar to P. imparis in that 
it swarms during foraging periods. Both Myrmica and Aphaenogaster, have superficial short 
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term nests (John Vandermeer personal communication). Based on this natural history and field 
observation, it has been suggested that Myrmica’s survival strategy is a “discover strategy” 
because it has been observed to find forage before the two competing species arrive. Prenolepis 
survival strategy is a “controlling strategy” because it has the long term control of a given area 
relative to the two competing species. Aphaenogaster’s strategy is an “aggressive strategy” 
because it has been observed to fight often with the other two species during foraging periods 
(John Vandermeer personal communication).  

The control, discover, and aggressive strategies allows for these three species to survive 
in a “rock, paper, scissors” fashion where the rock, paper, and scissors are strategies for survival 
in the intransitive loop. More specifically, Myrmica arrives first to the area as she discovers the 
bait. Prenolipes beats Myrmica as she is better in quantity and swarms rapidly through the bait. 
Aphaenogaster fights aggressively as she also swarms through the bait, beating Prenolipes. 

 In a multidimensional niche space we ask: 1) Do these ants change their intransitive loop 
strategies at different temperatures? 2) Do these ant species overlap in spatial scales and how 
does it associate with temperature? Non-overlap in response to temperature suggests that the 
three species have different temperature requirements for foraging activity. An overlap in 
response to temperature would require that they apply their intransitive loop survival strategies.  

METHODS 

Study Site 

We studied the abundance and interactions among three genera of ants (Myrmica 
americana, Aphaenogaster treatae, and Prenolepis imparis) in an open-understory plot of the 
Big Woods within the E.S. George Reserve (Pinckney, Michigan). From previous work on these 
genera, an already established 48 meter x 48 meter plot was used to analyze their abundance and 
aggregation patterns (Belasen et al. 2011, Taylor et al. 2011, Figure 1). 

Figure 1: 48 meter x 48 meter experimental plot set up. Species present are indicated by color 
and shape: black dots indicate Prenolepis, yellow diamonds indicate Aphaenogaster, and pink 
diamonds are Myrmica. The distance between horizontal lines is 4 meters. 

 

 

 

 

 

 

 

 

30



Experimental Design 

 

On day 1 four 24 meter transects were set up in areas where previous studies had recorded 
low initial Aphaenogaster activity. Canned-tuna baits were placed every 20 centimeters for the 
length of both transects. Every fifteen minutes, each bait was monitored for ant activity for 
approximately 15 seconds. The species presence and abundance was recorded. The transects 
were monitored for two hours and at approximately equal intervals. In order to assess the impact 
that temperature had on ant movement and activity, two transects were observed in the morning 
and two transects were observed in the afternoon, thereby time was a proxy for temperature. The 
second set of transects were placed directly adjacent to the morning transects and the total 
distance of 24 meters per transect was held constant. A week later, the same process of baits and 
monitoring was used for transects 1 and 3.  This day, called day 2 hereafter, had different 
temperatures.  

 
RESULTS 

 
Spatial and temporal as a proxy for temperature ant activity along transects 

 
The activity of Aphaenogaster, Myrmica, and Prenolepis varied across the transects and 

across the different temperatures. As seen in figures 2 and 3, Prenolepis was active at a 
temperature of 2.6-7.7°C at both transects 1 and 3, and this activity was still present when 
temperatures were 23-20°C and 14.6-15.8°C . However, at the higher temperatures of 23-20°C 
and 14.6-15.8°C, transects 1, 2, 3, and 4 had greater activity from Myrmica and Aphaenogaster 
(see figures 2 and 3). We only witnessed activity at specific locations along the transects.  For 
example, while Prenolepis was spotted across the transects, its activity was only detected in 
about 2 meter segments with spaces of no activity in between. We repeated these observations 
one week after the first observations using the same methodology but using just one transect.  
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Figure 2: Activity of Aphaenogaster (column 1), Myrmica (column 2), and Prenolepis (column 
3) for Transect 1 in the morning of Day 1with temperature of 2.6-7.7°C (row one), Transect 1 in 
afternoon of Day 2 with temperature of of 23-20°C (row two) and Transect 2 in the afternoon of 
Day 1 with temperature of 14.6-15.8°C (row three). Transect 2 is 4 meters from transect 1.The 
graph show the varying activity of the ants along the 24 m transect. 
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Figure 3: Activity of Aphaenogaster (column 1), Myrmica (column 2), and Prenolepis (column 
3) for Transect 3 in the morning of Day 1with temperature of 2.6-7.7°C (row one), Transect 3 in 
afternoon of Day 2 with temperature of of 23-20°C (row two) and Transect 4 in the afternoon of 
Day 1 with temperature of 14.6-15.8°C (row three). Transect 2 is 4 meters from transect 1.The 
graph show the varying activity of the ants along the 24 m transect.  
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Number of ant at baits at the transect over time as a proxy for temperature 

We found that number of ants at baits increased over time.  We also found that as the 
temperature increased, the rate at which the ants arrived varied (see figure 4 and 5). The rate of 
increase was higher in the afternoon of day one compared to the morning, but it did not increase 
at the higher temperature of day 2.  This trend is particularly seen in the number of Prenolepis, 
which came to the baits much more often than the other two species.  
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Figure 4: Line Graphs of the number ants and temperature over time Transect 1 in the morning 
of Day 1with temperature of 2.6-7.7°C (row one), Transect 1 in afternoon of Day 2 with 
temperature of 23-20°C (row two) and Transect 2 in the afternoon of Day 1 with temperature of 
14.6-15.8°C (row three).  The line graphs shows different rates of increase in arrival of ants at 
the baits at varying temperatures.  
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Figure 5: Line Graphs of the number ants and temperature over time Transect 3 in the morning 
of Day 1with temperature of 2.6-7.7°C (row one), Transect 3 in afternoon of Day 2 with 
temperature of 23-20°C (row two) and Transect 4 in the afternoon of Day 2 with temperature of 
14.6-15.8°C (row three). The line graphs shows different rates of increase in arrival of ants at the 
baits at varying temperatures. 
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Correlation of Myrmica and Prenolipes activity 

When we looked at the Prenolipes activity with Myrmica activity across the transect, we 
found a complicated correlation.  There appeared to be a positive relationship at transect 2 in the 
afternoon of day 1 (y=2.2702x; R2=0.8987) (Figure 6) and a negative relationship for transect 4 
in the afternoon of day 1 (y=-1.5291x+16.777; R2=0.0098) (Figure 7).  Combining the two 
transects, we created a linear piecewise regression with separate linear regressions for below 
twenty Prenolepis and above twenty Prenolepis (Figure 8).  The below twenty Prenolepis 
regression showed a negative relationship for the activity of Prenolipes with the activity of 
Myrmica (y=-0.0248x+ 0.8368; R2=0.0073) while the above twenty Prenolepis regression 
showed a positive relationship for the activity of Prenolepis with the activity of Myrmica 
(y=0.0969x – 3.0135; R2=0.2267).  

Figure 6: Correlation of activity of Prenolipes with Myrmica for transect 2 in the afternoon of 
day 1 shows a positive relationship (y=2.2702x; R2=0.8987). 
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Figure 7: Correlation of activity of Prenolepis with Myrmica for transect 4 in the afternoon of 
day 1 shows a negative relationship (y=-1.5291x+16.777; R2=0.0098). 

 

Figure 8: Linear piecewise regression for activity of Prenolepis and the activity of Myrmica for 
combined data from transect 2 and 4. There are separate linear regressions for below twenty 
Prenolepis and above twenty Prenolepis.  
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DISCUSSION 

Contrary to expectations, Prenolepis arrived to the prey in the morning and afternoon of 
Day 1 before Myrmica. Day 1 was a particularly cold day for Myrmica and Aphaenogaster and 
in general they had very low activity. For this reason, it isn’t unexpected that these species did 
not use their strategies to obtain the baits.  

Despite Myrmica’s and Aphaenogaster’s low activity there was some overlap between these 
species and Prenolepis, especially in the afternoon of Day 1. In fact, during the afternoon, 
Aphaenogaster effectively excluded Prenolipes from a bait.  On day 2, field observations 
indicate that often Myrmica arrived to the bait first. After a few minutes, Prenolipes arrived to 
the baits as well.  Contrary to Day 1, Day 2 was a particularly warm day. The fact that Myrmica 
was so rare during the cold morning of Day 1 suggests that Myrmica and Prenolipes changed 
their survival strategies in response to temperature. 

Contrary to expectation, on Day 1 we found a positive correlation between Myrmica and 
Prenolepis in one transect. We also found an overall trend of the same observation when we put 
all of the data together and eliminated zeros. This correlation suggests that Myrmica is present 
where Prenolepis is present. Prenolepis arrived first during day one, for this reason it is possible 
that Myrmica is following Prenolipes to the bait. One potential behavior is that at low 
temperatures, Myrmicas behavior changes and instead of investing on finding the bait, it waits 
for Prenolepis to arrive to the bait. Myrmicas change in behavior under different temperatures 
remains to be tested. Overall our results suggest that these three species certainly share the baits, 
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but are not using survival strategies during low temperature conditions, but they do more so 
during warm conditions.  
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CHEATERS: THE ABILITY OF MYRMICA SP. TO DETECT INTERSPECIFIC 
PHEROMONES 

 
 ALLI INJAIAN, ANNA ARIAS, ERIN BURKETT  
 

ABSTRACT  
 

For social insects, communication is essential for accomplishing fundamental 
tasks such as foraging.  Many species use pheromones, a chemical substance 
released by an organism that causes a specific behavioral or physiological 
reaction in a receiving organism of the same species, to recruit more workers to a 
food source.  In this study, we looked at the ability of interspecific tracking for 
these foraging pheromones, specifically testing if Myrmica spp. is able to follow 
pheromone trails of Prenolepis imparis on the E.S. George Reserve (ESGR). A 
research site was chosen based on within the ESGR where there was a known a 
strong presence of both P. imparis and Myrmica spp. (Belasen et al. 2011, Taylor 
et al. 2011, Valencia et al. 2011). We completed four trials, each with 6 
treatments of varying combinations of pheromone and bait, and ant response time 
and overall presence was analyzed. Results showed that Myrmica spp. appeared to 
repeatedly prefer the baits that contained pheromone trails left by P. imparis. For 
these baits with P. imparis pheromone, Myrmica spp. significantly responded 
before P. imparis and was present at all four trials. Also, Myrmica spp. had higher 
activity at baits with P. imparis pheromone than those with conspecific 
pheromone. These results support the claim that Myrmica spp. ants have evolved 
to detect P. imparis foraging pheromones. 

 
INTRODUCTION 

 
 For ants, bees and other social insects, simple individuals have minimal capabilities, 
while the highly structured colony can accomplish great tasks through interactions coordinated 
by communication (Colorni et al. 1991).  This communication is essential in fundamental tasks 
such as foraging. In many species of stingless bees, species-specific trail pheromones are laid by 
an individual from the food source to the nest and have a strong and quick recruitment response 
in workers, thus preventing invasion of a new food by competition (Blum 1974).  According to 
Morel and Vandermeer (1988), the term “pheromone” is defined as a substance released by an 
organism that causes a specific behavioral or physiological reaction in a receiving organism of 
the same species. However, what if this pheromone is detected by an ant of a different species? 
Or even further, an ant of a different genus?  In this study, we examined the ability of Myrmica 
sp. to detect and exploit the pheromone trails left by P. imparis workers while foraging.  
 
 P. imparis, more commonly known as the “winter ant,” exhibits a different foraging 
period than most other ant species, being active in the early spring and late fall with prime 
foraging temperature occurring between 35 to 65 degrees Fahrenheit (Tarpley 1965). This 
temporal separation gives P. imparis an advantage in that the amount of interspecific interference 
and competition is reduced although there is a broad overlap of desired resources (Fellers 1989). 
P. imparis has two types of worker foraging behavior; exploring and trailing.  Single exploratory 
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workers canvas an area by touching all parts of the soil, climbing over vegetation, and carrying 
small food items back to the nest.  If an item is too large to carry back to the nest, workers 
exhibit a trailing behavior and lay a pheromone trails for other workers to follow from the nest to 
the food source (Talbot 1943). This behavior allows P. imparis to thoroughly patrol their 
foraging territory and provide enough food for the colony to persist.  
 
 Myrmica spp. also uses pheromone trails in foraging. However, a trail is never laid by a 
single worker who is capable of bringing a food resource back to the nest on her own.  
Pheromone trails, which are highly volatile, are only laid by workers who find a food resource 
which needs multiple individuals for transport (Blum and Brand 1972).  Since pheromone trails 
act under a positive feedback system, as more ants follow and deposit pheromones along the trail 
it recruitment effects on the colony increases (Bonabeau 1988).  Ayre (1969) showed that 
workers of Myrmica americana initially use a pheromone trail to recruit workers to a honey 
resource, but then quickly switch to topographical cues for guidance back to the nest. Once this 
trail is abandoned, it rapidly dissipates, thus preventing use by competing species.  
 
 In a mixed-forest habitat at the ESGR (Pinckney, MI), foraging territories of P. imparis 
and Myrmica spp. overlap, with both species consistently present at the same baits (Belasen et. al 
2011).  P. imparis tends to swarm the baits, showing up first, while Myrmica spp. does not 
swarm and shows up second (Vandermeer 2011, personal communication). These tendencies, 
along with the fact that previous studies have documented examples of non-specificity in the 
chemical composition of pheromones, helped formulate our hypothesis that Myrmica spp. has 
evolved an adaptation which allows tracking of interspecific foraging pheromones, particularly 
those of P. imparis (Blum 1974).   
 

METHODS 
 

 The research site was chosen based on previous studies done within the ESGR that 
established a strong presence of both P. imparis and Myrmica spp. (Belasen et al. 2011, Taylor et 
al. 2011, Valencia et al. 2011). The site is located in the southeast corner of the reserve within 
the Blow Out (Figure 1). 
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Figure 1.  Map of the ESGR. Red star indicating research site. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 We designated four trial sites within this area based on previous observation of relatively 
even numbers of P. imparis and Myrmica spp. (Vandermeer personal communication).  At each 
trial site we cleared a foot wide swath of leaf litter along a two meter line and set up a line of six 
filter papers, each consisting of a different bait treatment (Figure 2). Each paper was spaced 20 
cm from the next (outer edge to outer edge). Within each trial we randomized the order of the 
treatments.  

Figure 2: Experimental trial set-up. 

 

 In order to create natural pheromone papers, we allowed P. imparis to access the paper 
until the swarm size reached ten or more. This was carried out in an area separate from our study 
site in order to avoid provoking P. imparis swarms before the observational study began. We 
created crushed pheromone treatments by first baiting for both species and then crushing and 
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rubbing their bodies on the corresponding filter paper. Four ants were used for each crushed 
paper treatment. Table 1 summarizes the varying bait treatments used. 

    Table 1: Summary of bait treatments used.  

Treatment Description 

Pnt Tuna bait, natural P. imparis pheromone 
Pct Tuna bait, crushed P. imparis pheromone 
Pc No tuna bait, crushed P. imparis pheromone 

Mct Tuna bait, crushed Myrmica spp. pheromone 

Mc 
No tuna bait, crushed Myrmica spp. 

pheromone 
T Tuna bait only 

 

 Each trial was observed for 30 minutes, and every 30 seconds we recorded any ants who 
accessed the filter paper. We noted the treatment, ant species, and number of ants of each species 
present. We repeated this for a total of four trials.  

RESULTS 
 
Arrival Times of Myrmica spp. and P. imparis 
 
 Results showed that P. imparis and Myrmica spp. arrived at different times and stayed for 
varying lengths across the treatments (Figure 3).  In cases where both P. imparis and Myrmica 
spp. arrived at the bait, Myrmica spp. arrived earlier significantly more of the time than P. 
imparis  (p<0.001; Mann Whitney U = 12.5).   
 

Figure 3: Box of time at treatment location for each treatment Myrmica spp. and P. imparis.  This shows the range 
of arrival and length of stay for two species. (T=tuna only; Pc= Crushed P. imparis, no tuna; Pct=Crushed P. 

imparis with tuna; Pnt=Natural P. imparis with tuna; Mc=Crushed Myrmica spp., no tuna; Mct=Crushed Myrmica 
spp. with tuna). 

  Myrmica spp.     P. imparis 
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Comparison of arrival times of Myrmica spp. across treatments 
 
 No significant difference was found between the treatment groups in terms the time of 
first arrival of Myrmica spp. using a Kruskal-Wallis Test (p=.341; test statistic=5.654) (Figure 4).  
Comparing the mean rank of first arrival, Myrmica spp. arrived to Pct and Pnt treatments first 
more often than arriving first to other treatments, although there was no significant difference 
(p=.895, Kruskall-Wallis test statistic=1.656) (Figure 5). 
 
Figure 4: Mean time of first arrival of Myrmica spp. to coffee filter according to treatment.  The error bars represent 

95% confidence intervals and show no difference among the treatments (p=.341; Kruskal-Wallis Test 
statistic=5.654). (T=tuna only; Pc= Crushed P. imparis, no tuna; Pct=Crushed P. imparis with tuna; Pnt=Natural P. 

imparis with tuna; Mc=Crushed Myrmica spp., no tuna; Mct=Crushed Myrmica spp. with tuna). 
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Figure 5: Mean rank of first arrival of Myrmica spp. to filter across treatments.  There were no significant 
differences among the treatments (p=.895, Kruskall-Wallis test statistic=1.656). (T=tuna only; Pc= Crushed P. 

imparis, no tuna; Pct=Crushed P. imparis with tuna; Pnt=Natural P. imparis with tuna; Mc=Crushed Myrmica spp., 
no tuna; Mct=Crushed Myrmica spp. with tuna). 

 
Activity of Myrmica spp. across the treatments 
 Varying ant activity was found across the treatments and trials, determined by the total 
number of individuals present on baits during each 30 second interval.  The Pct and Pnt 
treatments had Myrmica spp. activity during all four trials, while all other treatments had at elast 
one trial with no Myrmica spp. activity (Figure 6).  In addition, the Pnt treatment had the highest 
mean activity (Figure 7). A Kruskal-Wallis Test showed that the distribution of activity Myrmica 
spp. across the treatments was significantly different.  In particular, there was a significant 
difference between Myrmica spp. activity for Pct and T treatments (Test statistic =-14.625, 
p=.040).  Despite the high mean ant activity at the Pnt treatment, there was no significance 
between this group and the others, possibly due to high variation among the trials for this 
treatment.  This suggests that a pattern may exist, however more trials are necessary to find 
significance.  
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Figure 6: Activity of Myrmica spp, calculated by the sum of individuals present at each treatment during the 30 
minutes across the four trials.  Pct and Pnt had ant activity at all four trials. (T=tuna only; Pc= Crushed P. imparis, 
no tuna; Pct=Crushed P. imparis with tuna; Pnt=Natural P. imparis with tuna; Mc=Crushed Myrmica spp., no tuna; 

Mct=Crushed Myrmica spp. with tuna). 

 
Figure 7: Mean activity of Myrmica spp, calculated by the mean of individuals present at each treatment during the 

30 minutes across the four trials. The error bars represent 95% confidence intervals. A significant difference in 
activity exists between Pnt and T (Test statistic =-14.625, p=.040). (T=tuna only; Pc= Crushed P. imparis, no tuna; 

Pct=Crushed P. imparis with tuna; Pnt=Natural P. imparis with tuna; Mc=Crushed Myrmica spp., no tuna; 
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Mct=Crushed Myrmica spp. with tuna). 

 
DISCUSSION 

 
 Competition over limited foraging resources is considered ubiquitous in ant communities 
(Alinvi et al. 2008, Solida et al. 2011). We attempted to observe if one ant species, Myrmica spp., 
is able to detect and exploit the pheromone trails left by P. imparis workers in order to optimize 
foraging. Through repeated observation, P. imparis workers use both exploring and trailing 
behaviors which allow their nest-mates to follow pheromone trails to a food source (Talbot 1943). 
This study suggests P. imparis does not respond to interspecific pheromone trails, specifically 
Myrmica spp.  This supports the prior observation that the pheromones of Myrmica spp. are 
highly volatile and quickly dissociate in a natural foraging system such as the study site within 
the ESGR (Ayre 1969, Blum and Brand 1972, Bonabeau 1988). 
 
 In contrast, Myrmica spp. appeared to repeatedly prefer the baits that contained 
pheromone trails left by P. imparis. Although P. imparis and Myrmica spp. occupied baits for 
varying lengths across the treatments, Myrmica spp. arrived earlier significantly more of the time 
than P. imparis, at baits where both were present (Figure 3). By arriving before P. imparis, to 
baits with P. imparis pheromone (Pnt and Pct) and having a higher overall activity on these bait, 
Myrmica spp. shows a strong acuity to this interspecific foraging pheromone (Figures 6 and 7).  
Myrmica spp. also arrived to baits with P. imparis pheromone (Pnt and Pct) before arriving to 
baits with conspecific pheromone (Mct) (Figures 3). This supports the claim that Myrmica spp. 
ants have evolved to detect P. imparis foraging pheromones.  
 
 In conclusion, it does appear that when presented with a choice of bait, different ant 
species will respond more or less depending on the pheromone(s) present. Myrmica spp. arrived 
first in more instances at treatments of crushed P. imparis pheromones with tuna and natural P. 
imparis pheromones with tuna than all other treatments (Figure 7). Although this difference was 
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not statistically significant, this supports our hypothesis and warrants further study. This idea 
was reinforced by the fact that these two treatments in particular were the only two that had 
Myrmica spp. activity during all four trials.  
 
 The swarming behavior of Myrmica spp. and instances of fighting between Myrmica spp. 
and P. imparis had not previously been observed in the ESGR, although defense of prey items 
and food sources has been observed and well-documented in other ant communities (Ribas and 
Schoereder 2002, Solida et al. 2011). These unique competitive behaviors should be studied in 
greater detail.  
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A STUDY OF OBSERVED RECRUITMENT AND FORAGING DECISION-MAKING 
BEHAVIORS AT TWO SIZES OF BAIT IN THE ANT PRENOLEPIS IMPARIS 
 

ANNA ARIAS 
 

ABSTRACT 
 Collective decision-making allows social insects like wasps and ants to 
coordinate a large number of individuals to accomplish complex group behaviors. 
Ants seek to effectively collect food for their entire nest not just individually as 
can be observed in the number and rate of ants recruited to a certain food source 
The theory of self-organization is used to describe how multiple interactions 
among individuals result in accomplishing complex behaviors in the group, like 
the collective decision making seen in recruitment and foraging behaviors of ants. 
This study analyzed the  observed recruitment and foraging decision-making 
behaviors of nests of Prenolepis imparis to two different sized food sources and at 
two different temperatures. I took measurements of the number of ants at two 
different baits, one small bait of 0.5 grams, and one large bait of 7.5 grams at one 
minute time intervals for four trails. The air temperature and length of stay for the 
first ants to arrive was recorded. Results showed that there were a significantly 
higher number of ants recorded at the bait, ant activity, ant activity based on 
percent occupied, and rate of increase in number over time for the large bait 
compared to the small bait, supporting my predictions. There was a similar rate of 
increase in percent occupied over time for the large and small baits as well as a 
similar rate of increase in number of ants over time between the two temperatures, 
which was contrary to predictions. The proportional rate of increase of ants over 
time to both baits suggests that individual behavior may be more complex than 
originally expected by the theory of self-organization. These results may have 
implications for other organisms that also show collective decision-making.  

 
INTRODUCTION 

 Insects living in social nests like wasps and ants coordinate a large number of individuals 
to accomplish complex group behaviors (Detrain & Deneubourg 2008). This process of complex 
behaviors of the group emerging from the interaction among individuals that exhibit simple 
behaviors within insect societies has been compared to the theory of self-organization, which is 
used to explain molecular interactions (Bonabeau, et al., 1997, Detrain & Deneubourg 2006). 
Examples of self-organization in insects are seen in the existence of positive and negative 
feedback loops to create collective patterns, amplifications of fluctuations that result in choosing 
between equally desirable opportunities, and the multiple interactions among individuals within 
the society (Bonadeau et al. 1997). In collective decision-making, the group makes a choice 
about which path to follow such as which of two baits to swarm (Detrain & Deneubourg 2008). 
The theory of self-organization has been used to describe collective decision-making within 
insect societies and different patterns of behaviors across temperatures and times (Bonabeau et al. 
1997; Detrain & Deneubourg 2006). The collective decision-making strategies have been 
suggested to allow for effective food collection for the insect society and show the effects of 
evolution on behaviors (Bonabeau et al . 1997).  
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 Behaviors for both foraging, seeking out a food source, and recruitment, the process of 
attracting more ants to a particular food source, are important survival strategies for providing 
enough food for the nest (de Bisseau & Pasteels 1994, Talbot 1943). Ants have been shown to 
make decisions about which food source to recruit more ants to when given different types of 
sources (Detrain & Deneubourg 2008). Different food sources including concentration of sugar 
and types of dead insect resulted in different recruitments strategies in the species Myrmica 
sabuleti (de Bisseau & Pasteels 1994). When given the choice of a higher and lower 
concentration of sugar, ants have been shown to choose the higher concentration, unless the 
higher concentration is moved further away from the nest (Horta-Vega et al. 2010; de Bisseau & 
Pasteels 1994). Both the laying of pheromone trails and sight memory have been shown to be 
involved in the recruitment of ants to a particular food source (Aron et al. 1993). In addition to 
size of bait, air temperature has also been shown to have effects on the foraging and recruitment 
behavior of ants (Detrain & Deneubourg 2008; Azcarate et al. 2007). 
 This study looks at the recruitment and foraging decision-making behaviors of nests of 
Prenolepis imparis at two different sized baits. Prenolepis imparis was chosen because it is a 
wide-spread and abundant ant that exhibits mass recruitment behaviors to the baits (Belasen et al. 
2011). Foragers of P.imparis have been shown to lay an odor trail to attract others to a food 
source (Talbot 1943). My questions for this study included:  
1. How does a nest of Prenolepis imparis show collective decision-making in two baits of 

different sizes that are equidistant from the colony? 
2. What kind of recruitment and foraging behaviors are observed in this collective decision-

making? 
3. How does the change in air temperature over the course of the day affect the recruitment and 

foraging behaviors? 
Based on the information about collective decision making around self-organization, I predicted 
that P. imparis would show larger and more recruitment and a faster rate of recruitment to the 
larger bait. Similar to Talbot (1943), I had noticed that recruited ants tended to arrive in larger 
number of four. I did not have specific hypotheses for these other recruitment and foraging 
behaviors rather I intended to take notes on behaviors over the course of the day. I also expected 
larger recruitment and rate of recruitment later in the day when temperatures were higher.  

  
METHODS 

 I studied the recruitment foraging behavior of three nests of the ant species Prenolepis 
imparis at E.S. George Reverse on October 16, 2011. P. imparis, called the winter ant, forages 
throughout the winter and tends to have deep colonies of an average size between 1000-2000 
individuals (Talbot 1043). The ant nests were located in a plot used to look at community 
dynamics of ants set up by Belasen et al. (2011) early in September 2011. I had determined the 
locations of the nests from my previous experience in this plot.  
 In order to study decision-making of Prenolepis imparis, I laid out two different sizes of 
tuna fish bait, one large bait of 7.5 grams and one small bait of 0.5 grams, about 30 cm from the 
opening of a nest. The large and smalls baits were placed 10 centimeters apart on notecards to 
allow for visibility. I placed the baits equidistant from the nest opening. I conducted four trials, 
two in the morning and two in the afternoon. One of the trials in the morning and afternoon was 
conducted at the same nest to determine how temperature might affect the decision-making. For 
this location, the orientation of the large and small bait was switched to ensure that the ants were 
not simply finding one spot first or using prior successful memory from the earlier trial.  

52



 After putting out the baits, I recorded the number of ants at the baits at 1 minute intervals 
for at least 120 minutes in the morning and 50 minutes in the afternoon. There was a longer time 
in the morning due to the small arrival of the ants to the bait at this time. In the morning, I also 
recorded the amount of time the initial ants stayed at the baits. This information could not be 
accurately recorded in the afternoon due to increased pace of arrival. At times when the number 
of ants exceeded my ability to count in a minute, I took pictures to count and record the number 
of ants later. I also recorded air temperature during the trials. To analyze my results, I used Excel 
and SSPS to create graph, calculate correlations, and analyze the data using paired t-tests.  
 

RESULTS 
Size of Recruitment and Foraging Activity at the Baits 
 To determine whether the nests of Prenolepis imparis was choosing the large or small 
bait, I compared the highest number of ants to reach the bait at any given minute in the trial. For 
all four trials, there was a significantly higher number of ants at the large bait compared the small 
bait (See Figure 1). A paired t-test showed that the large baits had a significantly higher peak in 
the number of ants (p=0.02, t=-3.498) (See Figure 2).  
 
Figure 1: Highest number of ants at the small bait of 0.5g (blue) and large bait of 7.5g (green) for the trials. The bar 
graph shows that there was higher number of ants who were recruited to the large bait in each of the four trials. 
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Figure 2: Mean highest number of ants at the small baits of 0.5g and large baits of 7.5g. The error bars represent 
standard error. A pair t-test showed that large baits had significantly larger size of recruitment of ants over the small 
baits (p=0.02, t=-3.498). 

 
 

I also compared the ant activity at the large and small baits. Ant activity was calculated as 
summed amount of ants present at the bait for each minute observed. As seen in Figure 3, there 
was higher ant activity at the large bait as compared to the small bait for all four trials. A paired 
t-test showed that that the large baits had significantly more ant activity than the small baits 
(p=0.001, t=-5.128) (See Figure 4).  
 
Figure 3: Ant activity (summed number of ants present at a bait for each minute observed) at the small bait of 0.5g 
(blue) and large bait of 7.5g (green) for the trials. The bar graph shows that there was significantly higher ant 
activity the large bait in each of the four trials. 
 

 
  

-10

0

10

20

30

40

50

Small Large

M
ea

n 
Hi

gh
es

t N
um

be
r o

f A
nt

s 

Type 

An
t A

ct
iv

ity
 

54



Figure 4: Mean ant activity at the small baits of 0.5g and large baits of 7.5g. Error bars represent 95% confidence 
intervals. A pair t-test showed that large baits had significantly large amount of ant activity over the small baits 
(p=0.001, t=-5.128). 

 
 

The ants’ collective choice between large and small could also be compared using ant 
activity based on percent occupied. Because more ants fit around the large bait as compared to 
the small bait, I decided to develop a construct based on the occupation size of the baits, which 
was defined as the peak number of ants observed at the bait.  The construct of percent occupied 
was then the proportion of ants at the nest at any observation time compared to the peak 
occupation of that particular bait. The ant activity based on percent occupied equals the summed 
percent occupied for each time point. For each trial, the percent occupied was higher for the large 
bait as compared to the small bait (Figure 5). A pair t-test showed that the large bait had a 
significantly larger ant activity based on percent occupied (p=0.044; t=-2.501) (Figure 6).  
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Figure 5: Ant activity based on percent occupied at the small bait of 0.5g (blue) and large bait of 7.5g (green) for the 
trials. The bar graph shows that there was higher ant activity based on percent occupied at the large bait for all four 
trails. 

 
 
Figure 6: Mean ant activity based on percent occupied at the small baits of 0.5g and large baits of 7.5g. Error bars 
represent 95% confidence intervals. A pair t-test showed that large baits had significantly large amount of ant 
activity based on percent occupied over the small baits (p=0.044; t=-2.501). 
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Increasing rate of foraging at baits over time 
 A comparison of the graphs of the number of ants over time shows apparent differences 
in the rate of increase in foraging to the large bait as compared to the small in three of four trails 
(Figure 7). Trial two does not show this pattern. A correlation of the number of ants to time in 
minutes was used to compare the rates of recruitment to the large and small baits (Figure 8). For 
all of the trials, there was a strong correlation between number of ants and time for the large baits 
(trial one R2=0.799; trial two R2=0.598; trial three R2=0.913; trial four R2=0.756). For three of 
the four trials, there was a varied correlation weak to strong between the number of ants and time 
for the small baits (trial one R2=0.001; trial two R2=0.227; trial three R2=0.855; trial four 
R2=0.319). For trial one, the bait was taken apart by the ants, resulting in a set of smaller baits 
and a corresponding reduction in the number of ants over time. A best fit line was added to the 
scatterplots of number of ants over time to compare the rates of change over time. In three of the 
four trials, there appears to be a significant difference in the lines of best fit based on a 95% 
confidence interval (Figure 8). The lines of best fit also have different slopes for each trial (trial 
one large: y=.415x-28.405 small: y=0.004x+6.5; trial two large: y=0.067x-.828 small: y=0.041x-
0.07; trial three large: y=1.135x-5.129 small: 0.299x-1.411; trial four large: y=0.365x-7.157 
small: y=0.066x-2.217).  In all four trials, the slopes of the best fit lines were higher for the large 
baits as compared to the small bait.  
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Figure 7: Line graph of number of ants at small, 0.5 g (blue) and large, 7.5 g baits (green) over time for the four 
trails. The graph shows apparent differences in the number of ants over time, including the rates of increase of in the 
number foraging at the bait over time. 
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Figure 8: Scatterplots of the number of ants at small, 0.5 g (blue) and large, 7.5 g baits (green) with time for the four 
trials. The correlations for the scatterplots show higher rates of increase in the number of ants over time for the large 
versus large baits (it shows up in all four). The thinner dotted lines are the 95% confidence intervals for the best fit 
line. 
 

  

 
 
 
 
 A comparison of the graphs of the percent occupied over time shows no apparent 
differences in the rate of percent occupied recruitment to the large and small baits (Figure 9). A 
correlation of percent occupied to time in minutes was used to compare the rates of recruitment 
to the large and small baits (Figure 10). For all of the trials, there was a strong correlation 
between number of ants and time for the large baits (trial one R2= 0.799; trial two R2=0.598; trial 

y=0.451x-28.405 
R2=.799  
 

y=-0.004x+6.5 
R2=0.001 
 

y=0.067x -.828 
R2=.598  
 

y=0.041x+0.07 
R2=.227 
 

y=1.135x – 5.129 
R2=.913  
 

y=0.299x – 1.411  
R2=.855  
 

y=0.365x – 7.157 
R2=.756  

y=0.066x – 2.217  
R2=.319  
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three R2=0.913; trial four R2=0.756). For small baits, there was a strong correlation for one trial, 
a moderate correlation for one trial and a weak correlation for one trial (trial two R2=0.227; trial 
three R2=0.855; trial four R2=0.319). Trial one did not show a correlation between the number of 
ants and time for the small baits ( R2<0.001). For this trial, the bait was taken apart by the ants, 
resulting in a smaller set of baits and a dip in the number of ants over time. To compare the rate 
of change in percent occupied or time, a best fit line was added to the scatterplots of number of 
ants over time. In three of the four trials, there appears to be no significant difference in the lines 
of best fit based on a 95% confidence interval, suggesting a similar rate of recruitment to both 
baits based on percent occupied (Figure 10).  
 
Figure 9: Line graph of percent occupied at small, 0.5 g (blue) and large, 7.5 g baits (green) over time for the four 
trials. The graph shows apparent differences in the number of ants over time, including the rates of increase of in the 
percent occupied over time. 
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Figure 10: Scatterplots of the percent occupied at small, 0.5 g (blue) and large, 7.5 g baits (green) with time for the 
four trials. The correlations for the scatterplots show the similar rates of increase in the percent occupied over time 
for the small and large baits in three of four trials. The dotted lines are the 95% confidence intervals for the best fit 
line. 

  

 
 
 
 
Length of stay of ants that first arrived to the baits 
 To determine if the ants were displaying different foraging behaviors at the different 
sized baits, I compared the length of stay of the first ants to arrive at the baits in the morning. For 
both trials, the mean length of stay of the first ant to arrive was longer at the large bait. However, 
a paired t-test showed no difference between the two groups (p=0.1; t=-3.077) (Figure 11). 
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Figure 11: Mean length of first ants to arrive at small, 0.5 g (blue) and large, 7.5 g baits (green) for the morning 
trials. There seems to be a pattern of longer stay at the larger baits, but no significant difference was found. The 
error bars represent the 95% confidence intervals for the means. 

 
 
 
Effects of temperature on recruitment and foraging behaviors at baits  
 In comparing the number of ants at the baits for the same colony at in the morning at a 
lower temperature (10-14ºC) and in the afternoon at a higher temperature (15-25ºC), I saw no 
apparent difference on the peak number of ants at the larger and small baits (Figure 12). I did see 
an increased recruitment to the bait at an earlier time in the afternoon trial at the higher 
temperatures (Figure 13). Adding a best fit line to the slope where the ants began increasing in 
numbers shows that that rate of increase in the morning and afternoon was similar once more 
ants had been recruited to the baits (Figure 14). The slopes are similar between the morning and 
afternoon suggesting similar behaviors (Small: Cold: y=1.376x-141.538, R2=0.943;Warm: 
y=1.292x-7.2 , R2=0.897; Large: Cold: y=0.517x -58.133, R2=0.630; Warm: y=0.431x-5.369, 
R2=0.853).  
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Figure 12: Box and whiskers plot of the number of ants in the morning at lower temperatures (10-14ºC) in blue and 
in the afternoon at higher temperatures (15-25ºC) in green for the small and large baits. The plot shows that similar 
numbers of ants arrived at the two baits in the morning and afternoon. 

 
 
Figure 13: Line graphs of number of ants over time in the morning at lower temperatures (10-14ºC) in blue and in 
the afternoon at higher temperatures (15-25ºC) in green for the small and large baits. The graphs show that the 
number of ants began increasing sooner at higher temperatures later in the day. (Note the difference in scale for 
number between the two graphs).  
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Figure 14: Scatterplots of number of ants over time in the morning at lower temperatures (10-14ºC) in blue and in 
the afternoon at higher temperatures (15-25ºC) in green for the small and large baits. The plots show the similar 
rates of increase across the two time periods.  

  
 

CONCLUSIONS 
 My results supported my prediction that the number of ants, the amount of ant activity 
and the rate of arrival at the larger food source would be higher than the small food source. This 
collective decision-making to increase recruitment to a better food source has also been seen in 
several other studies (Detrain & Deneubourg 2006, Horta-Vega et al. 2010, de Bisseu & Pasteels 
1994). On the other hand, Mailleux, Deneubourg and Detrain (2000) found that after the amount 
of sugar solution at the food source was larger than the amount that an ant could carry; the 
amount of recruitment was similar. This was not the same as my results since the amount of tuna 
at both baits was higher than what one ant could bring back to the nest.  However, the Mailleux, 
Deneubourg and Detrain (2000) study was not a comparison where ants were given a choice of 
two different sizes of bait at the same time.  

While I predicted to see more ants and larger activity at the larger bait, I did not predict 
that the rate of increase of ants based on percent occupied would be the same between the two 
baits. The result shows that the nest proportionally sent ants to both food sources over time based 
on the number of ants that could fit at the bait. Only three of the four trials showed this trend, 
suggesting additional trials are needed. However, in the trial that did not fit the trend, the bait 
was broken apart, decreasing the possible occupation number at the bait and, thus, causing a 
skew in this correlation. Additional trials of the same sizes of baits as well as baits of 
intermediate sizes would help support the results of this study.  

This proportional recruitment to both baits suggests that the collective decision-making 
may be based on more than simple behaviors of individuals as hypothesized in the theory of self-
organization (Detrain & Deneubourg 2006). The ants would need to assess the sizes of the two 
baits to decide collectively how many ants should be sent to each bait. One possible mechanism 
for this recruitment behavior is that some ants in the nest have contact with more of entire nest 
than others, allowing them to direct behaviors in the nest. A study of other ant species found that 
certain ants had contact with most of the individuals in the nest while the rest of the ants only 
had contact with a few (Arnold 2011). It is possible that P. imparis has similar behavior that 
allows for this proportional rate of recruitment to the two baits. Another possibility is that the 

Cold: y=1.376x-141.538 
R2=.943 
Warm: y=1.292x-7.2  
R2=.897 
 

Cold: y=.517x -58.133  
R2=.630 
Warm: y=.431x-5.369  
R2=.853 
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ants are able to determine the number of individuals at the bait, causing proportional movement 
to different baits. The research has found a relationship between the number of individuals in a 
nest, the number of ants at a bait and the rate of recruitment to the baits, suggesting that the ants 
may be able to determine how occupied a bait is when they arrive at a bait (Detrain & 
Deneubourg 2006, Campo et al. 2011). More research is needed to develop further hypotheses 
for the mechanism for this behavior.  

This study and other studies suggest that the ants seem capable of assessing the volume 
of the food source (de Bisseau and Pasteels 1994). Mailleux, Deneubourg and Detrain (2000) 
found that Lasius niger scouts showed greater trail-laying behavior at large baits. This increase 
in trail-laying behavior seemed connected to times when the ants were provided with a larger 
amount of food than they could carry, meaning that ants are laying trails when the food source 
reaches this threshold (Mailleux et al. 2000). I did notice that the ants’ gasters were completely 
filled when they left the baits, suggesting that carrying capacity of the gaster may be a possible 
way for deciding to recruit more ants in P. imparis.  

While I did not find the recruitment behavior of several ants arriving to the bait at one 
time as I had expected, I did find a pattern in the foraging behavior of the first ants to arrive to 
both baits. At the larger bait, the ants that arrived first and then returned to the nest appeared to 
stay for a longer period of time. I even saw the ants walking around the bait several times, which 
may mean the ants were assessing the size of the food source. However, this pattern was not 
significant, suggesting that more trails are needed. Noticing this trend that the ants stayed longer 
at the bait and walked around more often at the larger bait, I wonder if the ants are using their 
steps to calculate the size of the bait. Wittinger, Wehner, &Wolf (2006) showed that ants used an 
odometer mechanism to determine the distance back to the nest from a food source. I suggest 
that a similar possible mechanism of a walking odometer may enable P. imparis to determine the 
size of the bait by walking around it. 

While P. imparis did show an earlier increase in recruitment of ants in the afternoon as 
compared to the morning, there was similar number of ants recruited to the baits and similar rates 
of increase in number of ants, which did not fit my predictions. The lack of difference between 
behaviors for the two different temperatures may be due to the wide temperature foraging range 
of P. imparis. P. imparis has been found to forage year round at a large range of lower 
temperatures (Talbot 1934). In addition, Talbot (1934) found that October was a higher month of 
activity for the species, which was the month of my study. I would suggest that future studies 
compare the differences over a larger difference in temperature since the course of one day did 
not show very much variation and control for potential confounding changes in activity level and 
memory over the course of a day.  

In conclusion, this study suggests that P. imparis did show collective decision-making in 
recruitment and foraging behaviors to two different sizes of baits. While these results need 
additional trials to have conclusive evidence of these behaviors, the recruitment and foraging 
behaviors I observed were statically significant and probably enable the ants to more effectively 
bring food sources back to the nests, showing the possible effects of evolution to create better 
survival behaviors (Bonedeau et al. 1997). The similar proportional rate of increase in number of 
ants to the baits supports Detrain and Deneubourg (2006)’s hypothesis that individual decision-
making behaviors may be more complex than originally predicted using the theory of self-
organization. The role of complex behaviors of individuals in decision making in ant society may 
have implications for how we view self-organization and collective decision making in other 
insects as well as other animals, including humans (Dyer et al. 2008).  
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PARSING THE SPATIAL PATTERNS AND LIFE HISTORY OF PRENOLEPIS IMPARIS FOR 

EVIDENCE OF AN INTRANSITIVE LOOP 

 

PAUL GLAUM 

 

ABSTRACT 

 

Reasons behind the coexistence of species traditionally involve species 

occupying multiple niches.  However, the idea of an intransitive loop offers an 

explanation as to how multiple species can occupy a very similar niche space without 

competitive exclusion or extinction.  This study attempted to investigate the effect of 

spatial patterning of nests and intraspecific competition of Prenolepis Imparis on the 

formation of an intransitive loop involving three species of ants in the E.S. George 

Reserve.  While no significant pattern was found between patterns in Prenolepis and 

intraspecific competition, implications from the findings and further theoretical work 

result in a possible explanation of how an intransitive loop can exist between Prenolepis, 

Aphaenogaster, and Myrmica.  Such results may offer an important unique approach to 

the discovery of intransitive loops in nature.   

 

INTRODUCTION 

 

 Ecological niche theory put forth by Hutchinson in 1957 argues the point that no two species can 

occupy the same niche for any prolonged period of time.  The better competitor will always eliminate the 

weaker competitor from that niche space resulting in only one species occupying the niche.  However, 

Maynard and Leonard (1975) later argued that a system involving three species competing over the same 

niche space can result in coexistence.  The system resembles the classic children’s game of rock-paper-

scissors.  For coexistence to occur each species must have the ability to out compete one of its 

competitors but be susceptible to the competitive effect of its other competitor.  In simple terms, if there 

are three species A, B, and C, coexistence can occur if A can beat B, B can beat C, and C can beat A.  

Such instances are known as intransitive loops (Vandermeer, 2011).  Using the Lotka-Volterra form for 3 

species competition, we can model the changes in densities of the 3 species using the following: 

            
𝑑𝑥 
𝑑𝑡

= 𝑟 𝑥 ( −
∑ 𝛼  𝑥 
 
 = 

𝐾 
) 

 Here, 𝑥  represents the density of species i, 𝑟  represents the growth rate, 𝐾  represents the 

carrying capacity, and the competitive coefficient 𝛼   represents the effect species j has on species i.  In a 

3 species system Maynard and Leonard noted that if 𝛼  >𝛼  , 𝛼  >𝛼  , and 𝛼  >𝛼   an intransitive loop 

will create coexistence of the three species in the same niche space.  It should be noted that for such a 

loop to form, an odd number of species is required as an even number will lead to the extinction or 

competitive exclusion of half of the species (Vandermeer, 2011).  Due to the fact that species coexistence 

often involves multiple mechanisms (Agrawal et al, 2007) it is often difficult to parse out the effects of 

intransitive loops.  Past work on 3 species interspecific competition creating the necessary elements 

needed to sustain an intransitive loop has been done on the E.S. George Reserve involving ant species 

(Maloney et al, 2010).  This study looks at a different set of 3 ant species on the “ant plot” of the Reserve, 

namely, Prenolepis impairs, Aphaenogaster rudis, and Myrmica americana.  Similarly to the 3 ant 
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species studied by Maloney, these 3 species seemingly coexist in an environment despite strong 

interspecific competitive forces.  Due to the possibility of multiple species of Aphaenogaster and 

Myrmica on the plot, this study will use the genre names to refer to the different types of ants.  In this 

system, the dominant species appears to be Prenolepis as it is commonly observed to be the most 

abundant during baiting (Valencia et al, 2011).  Prenolepis has also been observed to vigorously defend 

baits, aggressively fending off members of other Prenolepis colonies engaging in strong intraspecific 

competition.   

When species are studied in environments where space is limited, patterns of species propagation 

become an important element in the dynamics that drive coexistence.  Due to the fact that Prenolepis is 

the most abundant (at least most active) ant in the plot and therefore most easily located, this study 

investigates the spatial patterning of the nests of Prenolepis and how that pattern affects displays of 

aggression among different nests.  This study takes the approach that aggression between colonies can be 

used as an indicator of the level of relatedness between colonies (related colonies by this logic will not 

engage in aggressive interactions).  If distance between colonies increases one might expect that the level 

of relatedness would also decrease and therefore increase aggression.  One can then hypothesize that 

distance between colonies and aggression between those colonies should be positively correlated and 

therefore, distance could be used as a proxy for measuring relatedness between colonies.  The results of 

this study and further investigation are then used to offer theoretical explanations as to the existence of an 

intransitive loop and the exogenous and endogenous mechanisms behind the coexistence of the three 

species on the plot.   

 

METHODS 

 

 This study made use of the 52mx52m “ant plot” located in the south east corner of the E.S. 

George Reserve.  Previous Field Ecology work in 2011 had made use of two sets of two 24m transects 

each on the plot.  Each transect was baited with tuna every 20cm and observed for ant activity on the 

baits.  Those sites were re-commissioned for this study based on their high levels of activity observed in 

past studies.  At the outset of this study, two of the four 24m transects were baited with an approximately 

dime sized piece of tuna every 20cm (as done in previous studies).  The approximate location of transect 

1 and transect 2 can be seen in Figure 1.  Due to time constraints, transect 2 had to be abandoned to future 

studies.  The study then focused on discovering nest locations along transect 1 located from (4, 4) to (4, 

28).   

 

Figure 1: Locations of the two transects in the ant plot of the E.S. George Reserve used in this study.   

 

1 

2 
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 Once Prenolepis individuals had discovered a bait, sufficient time was given to allow them to 

swarm.  The workers were then slowly followed back to their nests through the leaf litter.  Following a 

worker without losing track of their location is a difficult to impossible task so flags were used to mark 

progress along the path back to the nest.  Any leaves or material removed in order to make visual contact 

with traveling workers would disturb the pheromone trail and caused any workers in the vicinity to seek 

refuge.  Removing litter is an essential part of finding hidden nests but in order to avoid this completely 

stopping foraging activity, leaf litter was removed in parts.  Once leaf litter was removed and the general 

direction of the path to a nest better understood, time was given to allow the ants to become acclimated to 

the newly cleared ground while other paths to other nests were searched for.  The workers would lay a 

new pheromone trail in the cleared more visible pathway which allowed for easier visual location upon 

returning to that path to continue to search for the nest.   

 Once nests were located, their location was noted using the x and y coordinates of the “ant plot.”  

Pair-wise aggression tests were then conducted for all nests by using soft tipped tweezers to collect 

members of one nest and place them in another.  Observations were then conducted to note any 

aggressive or antagonistic interactions.  Ethanol was used to swab the tweezers clean between each 

collection in order to avoid pheromone contamination that could alter the results of the aggression tests.  

Interactions noted during observation were no aggression (given the numeric value 0), fleeing the nest 

(numeric value .5), and fights between workers (numeric value 1).   

 

RESULTS 

 

 Eight nests were discovered along transect 1 and their locations in the plot can be seen in Figure 

2a.  The eight colonies were then labeled 1 through 8 as shown in figure 2b.  Two nests were discovered 

along transect 2 before having to abandon the transect due to time constraints. 

 

Figure 2: The locations of the 8 Prenolepis nests found along transect 1. 

 
  The results of the pair-wise aggression tests were tallied and placed in Table 1.  The table 

shows the results when a member of the colony represented in the rows was brought to a colony 
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represented in the column.  For example, the entry, (2, 3), shows the resulting interaction when a member 

of colony 2 was placed in colony 3.  The entry (3, 2) shows the resulting interaction when a member of 

colony 3 was placed in colony 2.  Fights were labeled with the number 1, the outsider ant fleeing the nest 

was labeled .5, and no aggression was labeled zero.    

 

Table 1: Table showing the results of the pair-wise aggression tests.  Members from the colonies in the rows were 

brought to the colonies in the columns and the resulting interactions were monitored.  No aggression was marked as 

a 0.  The outsider ant fleeing the nest was marked as a .5.  Fights between the outsider and workers of the colony 

were marked as a 1.   

 
 

In order to visually represent the results of the pairwise aggression tests, the numeric values of 

each type of interaction were placed in a matrix representing the nest interactions (see Figure 3).  In this 

instance individuals from the colonies along the y axis were brought to colonies along the x axis and the 

resulting interaction is represented with color.  Grey represents a fight, light green represents the outsider 

fleeing, and dark green represents no aggression.   

 

Figure 3: Visual representation of aggression tests.  1(fights) are represented in grey.  .5 (fleeing) is represented in 

light green.  0 (no aggression) is represented in dark green.  This graph shows the results when ants from the nests 

along the y axis were brought to the nests along the x axis.   

Colony # 1 2 3 4 5 6 7 8           total

1 0 1 1 1 1 1 0 1 6

2 1 0 0 1 0.5 0 0.5 1 3

3 1 1 0 0 0.5 0 0.5 0 2

4 1 1 0 0 1 0 0 1 4

5 1 0.5 1 1 0 0.5 0 1 4

6 1 0 1 1 1 0 0 1 5

7 1 0 0 0 1 0 0 1 3

8 1 0.5 0 1 1 0.5 1 0 4

          total 7 3 3 5 5 1 1 6
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 From Figure 3 we can see when members of colony 1 were brought to other colonies, fights broke 

out with all colonies expect for colony 7.  When other colonies were brought to colony 1, the interactions 

lead to fights in every instance.  We can also see interactions involving colony 8 often lead to fights.  

Colony 1 and 8 are, on average the colonies furthest from the other colonies discovered in the survey.  

However, colony 5 also exhibited a high degree of aggression with interactions with other colonies. 

Whereas in Figure 3, the combinations meet at a point, Figure 4 has the combinations meeting at squares, 

perhaps creating a more easily understood version of Figure 3.  

 

Figure 4: Visual representation of aggression tests.  1(fights) are represented in red.  .5 (fleeing) is represented in 

orange.  0 (no aggression) is represented in white.  This graph shows the results when ants from the nests along the x 

axis were brought to the nests along the y axis. 
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To further analyze these results in a visual manner, the colonies were placed on a 2D plane 

representing the plot and the colonies’ location in it (Figure 5).  The numbers of fights observed in the 

pair wise aggression tests for each colony are then represented by the size of the peaks along the z axis.  

So the higher the peak, the more aggression members of that colony displayed in interactions.   

 

Figure 5: 3D representation of aggression in space.  The 2D plane represents the space surveyed in the ant plot and 

the transect.  The peaks are located at the locations of the nests and the height of the peak in the z axis represents the 

number of fights that nest engaged in.   

 
 

72



 It appears colonies, on average, further away from their neighbors show more aggression to other 

nests.  To investigate the existence of such a correlation, the average distance to neighboring nests and 

actual aggression displayed of each colony were plotted in Figure 6.  We can see that the plot does not 

show any significant positive correlation between the average distance to neighboring nests and 

aggression toward neighbors.   

 

Figure 6: Scatter plot showing the average distance of each nest to its neighbors versus the level of aggression that 

nest showed its neighbors.  Aggression here is measured in number of fights.   

 
 While the average distance to neighboring colonies and aggression of each colony did not exhibit 

any significant positive correlation, an apparent trend was found between the type of interaction observed 

and the average distance apart of the colonies involved in that pair-wise interaction (Figure 7).  Here, 

colonies engaging in fights seem to be, on average, the farthest apart.   

 

Figure 7: Figure 7a shows each type of observed interaction and the average distance between colonies involved in 

that type of interaction.  Figure 7b shows a box and whisker plot of the very same data in Figure 7a.   
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 The average distance of colonies engaging in fights is only approximately one meter farther apart 

than either the average distance of colonies engaging in fleeing or no fighting.  Upon testing the 

significance of these relationships with a resampling technique, the average distance of colonies engaging 

in fighting was found not to be significantly farther than the average distance of colonies engaging in 

fleeing or no fighting (Figure 8).  Significance was measured at p<.05.   

 

 

Figure 8: Resampling done to measure the significance of the trends seen in Figure 7.  Significance was measured at 

p<.05.  Neither trend was found to be significant.   

a b 
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DISCUSSION 

 

 Average distance and aggression did not show significant correlation in this study.  Colonies 6 

and 7 are relatively very close and did not engage in any fighting which implies their high level of 

relatedness.  This fits with the original hypothesis of this study.  However, no aggression was found 

between colony 3 and 8 which are relatively much further apart.  On the other hand, 2 and 6 showed no 

aggression between each other but a comparatively closer set of colonies, 5 and 6, did have an instance of 

the outsider being attacked.  Figures 6 shows that average distance to neighboring colonies is not 

positively correlated to the number of fights observed in each colony.  While Figure 7 shows that colonies 

engaging in fights tend to be farther apart than colonies not engaging in fights, the resampling done in 

Figure 8 shows this trend is not significant.  This could be the result of a low sampling size but Prenolepis 

has a limited range so the range covered in this study is close enough to fitting a broad range in relation to 

Prenolepis.  From these results we can state that distance between colonies cannot be used as a proxy for 

those colonies’ relatedness.  These results may imply that Prenolepis dispersal distribution is not an 

inverse function of distance from the original colony.   
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Another interpretation of these results is that the aggressive intraspecific competition Prenolepis 

displays in this study mirrors the intense interspecific competition they engage in.  Lynch, in a study 

involving Prenolepis, Aphaenogaster and another ant species (1980), found that Prenolepis was by far the 

most aggressive species and was virtually never removed from bait due to interspecific competition once 

their presence was established.  In fact, Prenolepis was found to drive Aphaenogaster from baits with 

surprising consistency.  Lynch even makes note that single individuals of Prenolepis were found ousting 

multiple Aphaenogaster workers.  Figure 9 is a scatter plot from that study showing the negative 

correlation between the two species on tuna baits.  Studies done on the George Reserve also report results 

detailing the abundance of Prenolepis and the absence of Aphaenogaster.   

 

Figure 9: Graph showing the negative correlation between Prenolepis presence and Aphaenogaster presence on tuna 

bait (Lynch, 1980).  There is a third ant present (C. ferruggineus) but it only overlapped with Prenolepis once and 

was not as numerous overall so its exclusion does not change the qualitative nature of the graph.   

 
This being the case, it is logical to wonder how Aphaenogaster survives in the presence of such 

strong competition.  Even though, Prenolepis is more consistently the dominant ant, Aphaenogaster has 

been documented taking over baits from Prenolepis if Aphaenogaster enjoys a significantly high 

numerical advantage (Lynch, 1980).  Work done on the George Reserve also supports this claim.  In one 

particular study, Aphaenogaster was observed ousting Prenolepis from a tuna bait (Valencia, 2011).  In 

Figure 10, at the far end of the transect used in the Valencia study one can see a rapid increase and 

consistent rise in the number of Aphaenogaster over time despite an initial presence of Prenolepis.  While 

such an advantage alone does not seem enough to sustain the population of Aphaenogaster, they have 

another competitive edge over Prenolepis.  Prenolepis is known as a cold weather forager and over the 

hottest summer months, they becomes significantly less active (Lynch, 1980).  Figure 11 shows the niche 

breadth of Prenolepis drastically shrink starting in July and reaching its smallest point in August.  During 

these months, Aphaenogaster can be seen to have a much larger niche breadth.  This would theoretically 

allow it to forage much more actively than Prenolepis while avoiding its competition.   
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Figure 10: Histogram representing the abundance of Prenolepis, Aphaenogaster, and Myrmica measured 

across time along transect 1 in early October (Valencia, 2011). 

 
 

 

Figure 11: Plot showing the niche breadth of Prenolepis, Aphaenogaster, and a third species of ant throughout the 

year (Lynch, 1980). 

 
 We have established a theoretical approach for Aphaenogaster to survive in the presence of 

Prenolepis.  The role of the third ant, Myrmica, must now be identified.  Along the transect used in the 

Valencia study (2011), the same transect used in this study, Myrmica presence was found to be positively 

correlated with Prenolepis presence (see Figure 12).  In fact looking at Figure 7, one can see multiple 

instances where Myrmica is able to withstand the intense interspecific competition of Prenolepis and 

overlap on baits, something Lynch found Aphaenogaster was unable to do.  Furthermore, Myrmica was 

even found to exhibit a trend that shows they follow Prenolepis pheromones to bait more than they follow 

their own pheromones (Injaian, 2011).  The evidence presented clearly implies that Myrmica follow 
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Prenolepis, can withstand their presence at some level, and use it to their advantage in order to avoid the 

competitive pressure from Aphaenogaster.   

 

Figure 12: Scatter plot showing the positive correlation between Prenolepis presence and Myrmica presence along 

transect 1 (Valencia, 2011).   

 

 
 

 Using this accumulated evidence, it is possible to conjecture that the three ant species of the ant 

plot can coexist in a modified intransitive loop if the following conditions are met: 

1.) Prenolepis can dominate Aphaenogaster in non-high summer months and keep Myrmica numbers 

low at food sources. 

2.) Aphaenogaster can make up for lost time in the summer months and forage freely in the absence 

of Prenolepis.  Aphaenogaster can also dominate Myrmica in absence of Prenolepis. 

3.) Myrmica uses Prenolepis pheromones to forage and can withstand limited Prenolepis presence as 

a buffer against Aphaenogaster attack. 

 

Figure 13: Diagram representing an explanation as to the formation of an intransitive loop resulting in the 

coexistence of the 3 ant species.   

 
  

Indeed, modeling the 3 species interaction with the Lotka-Volterra competition equations (Eq 1) 

and modifying them by lowering the competitive coefficient of Prenolepis on Aphaenogaster and raising 
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the competitive coefficient of Aphaenogaster on Myrmica in the summer months does result in 

coexistence (see Figure 14 and 15).  Such a model involves synchronized manual manipulation of the 

equations and does not offer a closed solution.  However, it does theoretically show that a 3 species 

Lotka-Volterra competition model modified with temporal elements gives evidence for the possible 

existence of an intransitive loop that explains the coexistence of the three species of ants.  The model has 

also been shown to generate coexistence with a variety of parameter values (results not shown). 

 

Figure 14: Results of modified Lotka-Volterra model showing coexistence driven by temporal changes in the 

competition coefficients.   

 
 

Figure 15: 3D representation of Figure 11.  Two angles are given to present the dynamics in an easily seen fashion.   

 
 In this explanation, similar to the point argued by Agrawal (2007), the coexistence of the three ant 

species is explained by multiple mechanisms (both endogenous and exogenous).  Such an approach may 

be necessary if a greater amount of evidence for intransitive loops mitigating coexistence is to be found in 
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nature.  Further study in the Reserve with these 3 species could test the validity of such this explanation 

and offer a possible new paradigm for identifying intransitive loops in the field.   
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VEGETATION- AND CONSPECIFIC-DEPENDENT SPATIAL DISTRIBUTION IN FOUR 

AMPHIBIAN SPECIES OF SOUTHEAST MICHIGAN 
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ABSTRACT 
 

The spatial distribution patterns of amphibians on the E.S. George Reserve 
have, until recently, not been qualitatively analyzed. Within the reserve, there are 
several woodland stands of varying density of black cherry, red maple, and witch 
hazel. Our study focused on how the presence of these tree species and that of 
other competitors within the ecosystem influences the spatial distributions of 
amphibians. We found there to be significant species aggregation among 
salamanders. Further, salamanders were found to aggregate around red maple 
stands but be in avoidance of black cherry stands. These results suggest that 
several factors influence how amphibians on the reserve are distributed within 
their ecosystem and that these factors may be both species-specific and dependent 
upon habitat composition. 

 
INTRODUCTION 

 
Spatial patterns of distribution are influenced by several factors, including regional 

climate, population density, habitat size and composition, and resource availability. How 
organisms are distributed within an environment may also be a product of their life history 
patterns as well as niche quality and availability. Unlike many other organisms, amphibians 
obligatorily occupy multiple habitat types throughout their life-cycle, which may make them 
particularly vulnerable to habitat alterations due to fragmentation, changes in land use, and 
habitat loss (Burke and Gibbons 1995). With global amphibian populations in rapid decline, 
understanding how they are spatially arranged within an ecosystem is essential to the ongoing 
effort to protect them and the resources they require for survival (Kisecker 2011). 

 
Many species of salamanders and frogs exhibit a predominantly terrestrial existence at 

some point during their life cycle. The tree and vegetation composition of such terrestrial 
habitats as well as proximity to competitors may play a key role in determining the arrangement 
of these organisms on a spatial scale (Renaldo et al 2011). The E.S. George Reserve in Pinckney, 
Michigan (Livingston County) is a 1500-acre fenced reserve, of which approximately 500-acres 
are hickory, oak, black cherry, witch hazel, and red maple-dominated woodlands (Field Ecology 
Course Pack 2011). The reserve houses several species of amphibians, including red-backed 
salamanders (Plethodon cinereus), blue-spotted salamanders (Ambystoma laterale), wood frogs 
(Rana sylvatica), American toads (Anaxyrus americanus), and spring peepers (Pseudacris 
crucifer) but information on how they are distributed within the reserve is limited. 

 
Previous studies have suggested that P. cinereus, a non-pool-breeding salamander, prefer 

habitats that are rich in deciduous leaves and logs (Renaldo et al 2011), while for many pool-
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breeding amphibians, proximity to and size of pools plays a large role in determining distribution 
patterns (Burne and Griffin 2005). 

In our study, we attempted to discern the spatial distribution of amphibians in the E.S. 
George Reserve. Specifically, we assessed the relationship between the distribution of 
amphibians and the distribution and density of three tree species co-occurring on the reserve. In 
doing so, we may be able to understand the ecology of these species in greater detail. This 
information ideally can be used to direct plans for habitat restoration or alteration in the future in 
a manner that does not excessively harm the amphibians, which are an integral part of the local 
ecosystem.     

 
METHODS 

 
Study area 

 
We sampled the amphibian community in four 100 meter x 100 meter plots within the 

Big Woods at the E. S. George Reserve in Pinckney, Michigan (Livingston County). We focused 
on a 4-hectare area in order to compare the location of amphibians to the distribution of three 
tree species that occur in varying densities throughout the site (Figure 1). There are two ponds 
within the Big Woods in which amphibians breed and undergo larval development, as well as 
many decomposing logs and forest floor litter that provide important habitat for terrestrial 
herpetofauna. Although 17 amphibian species have been observed within the reserve, our survey 
was limited to terrestrial forms of salamanders from Ambystomatidae, Salamandridae, and 
Plethodontidae families, and anurans of the Bufonidae, Hylidae, and Ranidae families. 
 
 Figure 1: Location of study site and distribution of red maple (Acer rubrum), witch hazel (Hamamelis virginiana), 
and black cherry (Prunus serotina). Red circles represent A. rubrum, green circles represent H. virginiana, and gray 
circle represent P. serotina. Distances shown are in meters. The two ponds are centered at approximately (225,200) 
and (275,175) the other seemingly bare areas have high densities of other tree species which were not recorded. 
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Survey techniques 
 
 Eight surveyors sampled for approximately five hours on September 25, 2011. Sampling 
techniques included inspection under natural cover objects along transects (Hyde and Simons 
2004) and opportunistic visual searching. Surveyors walked 12 meters apart within each hectare 
in order to cover the entire plot. For each amphibian observed, the location of the nearest tree 
was noted, as well as the location where the species was found. If the species was located under a 
log the size of the log was noted as well. Snout-vent length was additionally recorded for each 
salamander captured. Surveyors replaced the disturbed bark or log in order to minimize micro-
habitat disturbance. 
 

RESULTS 
 

Species found 
 

 Within the four hectares sampled at the E.S. George Reserve, 277 amphibians were 
found. Four species of salamanders were found: Hemidactylium scutatum (four- toed 
salamander), Ambystoma laterale (blue-spotted salamander), Plethodon cinereus (red-backed 
salamander) and Notophthalmus viridescens (red-spotted Salamander), three species of frogs, 
Hyla chrysocelis versicolor (grey treefrog), Rana sylvatica (wood frog) and Pseudacris crucifer 
(spring peeper) and one species of toad, Anaxyrus americanus (American toad), were found 
(Figure 2).  A breakdown of species can be found in Tables 1 and 2.  Though Anuran abundance 
was measured, for the purpose of this study only Caudata abundance was analyzed. No single 
hectare was found to have all 4 species of caudata present.	  
	  

Hectare H. scutatum A. laterale P. cinereus N. viridescens Total 

1 1 31 7 0 39 

2 0 21 11 1 33 

3 0 26 12 0 38 

4 2 18 7 0 27 

Total 3 96 37 1 137 

	  

	  

	  

Table 1. Abundance of Caudata species per hectare  
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Hectare B. americanus H. versicolo R. sylvatica P. crucifer Total 

1 5 2 13 19 39 

2 3 0 14 20 37 

3 3 0 17 16 36 

4 3 1 9 16 29 

Total 14 2 53 71 140 

 
 
 
Figure 2. Spatial distribution of A) all salamanders (black circle) B) all Anurans (black circle) C) A. laterale (black 
circle) and D) P. cinereus (black cirlcle) with Acer rubrum (red), Hamamelis virginiana (green), and Prunus 
serotina (grey) distributions in 4 hectare plots 	  
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Table 2. Abundance of Anuran species per hectare  
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Salamander aggregation around trees 
  
	   The distribution of A. laterale was tested around H. virginiana and found to be random 
(Figure 3A).  However, when the distribution of A. laterale was tested around P. serotina there 
was significantly lower than random co-occurrence (Figure 3B).  The opposite relationship was 
found when testing A. laterale around A. rubrum, resulting in a significantly high aggregation 
(Figure 3C). 
 
Figure 3. Ripley’s K test for distribution of A) A. laterale around H. virginiana B) A. laterale around P. serotina and 
C) A. laterale around A. rubrum  
	   	  	  	  	  	  	  	  A	   	   	   	   	  	  	   	  	  B	  	  	   	   	  	  	  	  	  	  	  	  	  	  	  	   	   	  	  	  	  	  	  	  	  	  C	  	  
	  
	  
	  
	  
	  
	  
 
 
 

C	   	   	   	   	   	   	  	  	  	  	   	   D	  
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The same test was done for the distribution of P. cinereus.  The results showed a random 
aggregation of P. cinereus around H. virginiana and P. serotina, however there was a 
significantly high aggregation of P. cinereus around A. rubrum (Figure 4).  
	  	   	   	  
	  
	  
	   	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	  
	  

A	   	   	   	   	  	  	  	  B	  	  	   	   	  	  	  	  	  	  	  	  	  	  	  	   	   	  	  	  	  	  	  	  	  	  	  	  	  C	  	  	  
	  

	  	   	   	   	   	  	  	  	  	  	   	   	  	  	  	  	  	  	  	  	  	  	  	   	   	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

Interspecific aggregations in salamnders 
 
 Tests were also run to analyze the distribution of A. laterale and P. cinereus around 
conspecifics and non-conspecifics.  Results showed a higher than random aggregation for A. 
laterale around A. laterale (Figure 4A).  Results showed random aggregation for P. cinereus 
around P. cinereus and P. cinereus around A. laterale (Figure 5 B and C). 
	  	  
	  

	   	  	  	  	  	  	  	  A	   	   	   	   	   	  	  	  	  B	   	   	   	   	   	  	  	  C	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

Figure 4. Ripley’s K test for distribution of A) P. cinereus around H. virginiana B) P. cinereus around P. serotina and       
C) P. cinereus around A. rubrum 
	  

Figure 5. Ripley’s K test for distribution of A) A. laterale around A. laterale B) P. cinereus around P. cinereus and C) 
P. cinereus around A. laterale 
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Snout-vent length vs. Distance from pond 
 
	   Snout-vent lengths of all salamanders were analyzed against the distance to the closest 
pond present (Figure 6).  A linear regression of the data revealed a significant difference ( p < 
.01), however only eight percent of the variation could be explained by salamander size (R2 = 
.081). 
	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  In order to analyze this data further, linear regressions of snout-vent lengths vs. distance 
to closest pond were calculated for the two most common species of salamander, A. laterale and 
P. cinereus.  A. laterale revealed a significant difference ( p < .01), however only 21 percent of 
the variation could be explained by size (R2 = .211) (Figure 7). P.cinereus did not show a 
significant relationship with distance to closest pond (p >.05) and only 36 percent of the variation 
could be explained by size (R2 = .363) (Figure 8). 
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Figure 6. Linear regression for snout-vent lengths of H. scutatum, A. laterale, P.cinereus and N. viridescens versus 
distance to the closest pond 
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DISCUSSION 

R2=	  .025	  
P=.363	  

Figure 7. Linear regression for snout-vent lengths of A. laterale versus distance to the closest pond  
	  
	  
	  
	  

Figure 8. Linear regression for snout-vent lengths of P. cinereus versus distance to the closest pond  
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Non-aggregation near bodies of water 

 
With the knowledge that larval development is fully aquatic in all of the amphibian species 

included in our study with the exception of P. cinereus, we expected to find smaller salamanders 
closer to ponds as an “emergence effect”. However, our results did not indicate this pattern. This 
may be explained by Regosin et al. (2005), who found that salamanders tend to overwinter more 
than 100 meters from ponds. Given the fact that Michigan cools significantly early in the 
autumn, this likely explains our results.  

Although we did not measure Anurans in the interest of obtaining a large sample size in a 
short period of time, it is likely that this would also be the case in the frogs and toads seen in this 
study. Not only were many of the larger frog species (notably R. sylvatica, A. americanus, and 
Hyla versicolor/chrysoscelis) found primarily under the cover of logs or bark, which would 
indicate the onset of overwintering behaviors, but also frogs are better over-ground dispersers by 
the very nature of their physiology. The mobile efficiency of frogs can notably be demonstrated 
with the epic case of the Cane toad (Bufo marinus), which distributed across Australia within a 
matter of years upon introduction and subsequently rose to infamy as a formidable pest (Lever 
2001).  
 

Spatial patterns in Caudata: preference for red maple? 
 

The spatial distribution we found may indicate that both A. laterale and P. cinereus 
salamanders favor areas populated by red maple. This apparent preference for red maple may be 
explained by several phenomena. First, red maple patches may contain higher quality habitats for 
the salamanders, such as denser leaf litter and more suitable logs and bark for cover (see 
Rittenhouse et al. 2004). Second, red maple may alter the pH of the soil, which has been shown 
to impact salamander distribution (Mushinsky 1975). It also may be that red maple leaf litter 
contains higher quality food resources (e.g., small invertebrates).  

Moreover, the apparent avoidance of black cherry by A. laterale may indicate direct or 
indirect susceptibility to high levels of amygdaline, a cyanogenic compound known to occur in 
black cherry (Sotomayor et al. 2006). Without further testing, it is unclear whether amygdaline 
directly damages the salamanders, or whether it alters insect communities sufficiently to render 
habitats in black cherry patches too resource-poor for salamanders. Some Lepidopteran larvae 
are known to sequester amygdalin into their frass, and if these insects were consumed, the effects 
on salamanders could be potentially life-threatening (Fitzgerald 2008). It could also simply be 
that red maple provides a sufficiently high quality habitat to cause aggregation of the 
salamanders in maple patches, indirectly resulting in avoidance of black cherry. 
 

Future steps 
 

In order to tease apart the factors affecting spatial distribution of the salamanders observed in 
our study, we recommend further analysis of the physical characteristics of this landscape with 
regard to tree distribution, as well as analysis of insect communities that could be more 
aggregated near some tree species than others. Further study is necessary to discern the potential 
positive effects red maple has on these salamanders, and potentially negative effects of black 
cherry. Soil pH and biochemical testing, as well as behavioral assays to ascertain habitat 
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selection, may provide further clues as to the reasons behind the spatial distributions observed in 
our study.  
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SALAMANDER SELECTION OR NATURAL SELECTION? SALAMANDER CHOICE OF 
LEAF LITTER SUBSTRATE 

 
ALEX TAYLOR, ANAT BELASEN, MARIANA VALENCIA 

 
ABSTRACT 

Previous studies of spatial distribution of Blue-Spotted Salamanders (Ambystoma 
laterale) in the E.S. George Reserve have shown higher densities of salamanders 
in Red Maple (Acer rubrum) patches than in patches of Black Cherry (Prunus 
serotina). Both the proximate and ultimate reasons for this distribution are 
unknown - ultimately, some factor or combination of factors in the Red Maple 
patches must favor salamander survival, be it abundance of prey, refugia, or some 
other resource. Proximately, it is unclear whether salamanders are actively 
preferring Red Maple patches (salamander selection) or just surviving better there 
(natural selection). In this study, we show that salamanders actively choose Red 
Maple patches over Black Cherry patches. 

 
INTRODUCTION 

 
 Blue-spotted salamanders (Ambystoma laterale) are terrestrial amphibians which predate 
primarily on arthropods and are found under fallen logs in the E.S. George Reserve (ESGR). 
Previous studies of A. laterale distribution in the Big Woods area of the ESGR (Moore et al., 
2011) found an intriguing effect of nearby tree species on density of salamanders - forest patches 
with a high concentration of Red Maple had significantly more salamanders than areas with 
Black Cherry. This was interpreted to mean that the habitat in the Red Maple leaf litter was, in 
some way, more suitable for salamander survival. Quality of different habitats is an important 
factor contributing to the spatial distribution of many species, though the precise characteristics 
of a “quality” habitat are often hard to pin down, and can be the result of many interacting 
factors.  
 

Some possible reasons for the difference in habitat quality could be predator or prey 
density, abundance of fallen logs to hide under, or chemical properties of the leaf litter. The prey 
abundance hypothesis was tested earlier this year (Li et al., 2011), but the results were 
inconclusive. Leaf litter chemistry is a likely candidate, since Black Cherry trees are known to 
produce amygdalin, a defensive compound that breaks down into cyanide, and salamanders 
respire through their skin, rendering them particularly susceptible to surrounding chemistry. 
Regardless of the ultimate reason for salamander success in the two habitats, though, the 
mechanism by which salamanders appear in higher concentrations in Red Maple remains 
unknown. To clarify this, we investigated whether salamander distribution was a product of 
natural or salamander selection. That is, do salamanders prefer Red Maple over Black Cherry 
patches, or are they distributing equally to the two habitats and then simply surviving more in the 
Red Maple patches? 
 

If natural selection favors salamanders in Red Maple over Black Cherry patches, 
salamanders will likely exhibit an ethological preference for those habitats after some 
generations of selection. However, forest composition in the E.S. George Reserve is in constant 
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flux, and it is possible that the salamander has not evolved a leaf litter preference in the short 
time window in which Red Maple has expanded its range. In order to discriminate between 
salamander and natural selection, we tested whether salamanders had a significant behavioral 
preference for Red Maple leaf litter over Black Cherry in an experimental setting. 

 
            METHODS 
 
We collected soil and leaf litter samples using three 50 by 50 cm plots at two sites. First 

we collected at one of the Red Maple clumps in the Big Woods in the vicinity of tree 2450. Later, 
we collected at one of the Black Cherry clumps in the vicinity of tree 3217. We collected leaf 
litter and soil at three different sites no further than 3 meters from each other at both sites.   

 
 We set up 5 terraria with an equal depth of Red Maple leaf litter on one side and Black 
Cherry leaf litter on the other. In the middle, we placed filter paper, which was deemed to be an 
aversive substrate for A. laterale. Salamanders were placed on the filter paper and observed for 
10 minutes to eliminate the effect of initial leaf litter choice, which was more a function of 
salamanders fleeing from us than their substrate choice. The terraria were reoriented between 
trials to eliminate the effect of sun direction, or left/right effects. 

 

RESULTS 

 We collected 16 A. laterale individuals in total - 14 salamanders were found in the Red 
Maple patch around tree 2450 and only 2 were found in the Black Cherry patch around tree 3217, 
in accordance with previous findings of distribution. We noted a difference in leaf litter depth 
(based on 3 samples) between the Black Cherry and Red Maple sites from which we collected 
the litter - the depth was an average of 6.35 cm in the Red Maple patches and 3.81 cm in the 
Black Cherry patches. 

 In a X2 test, we found a significant behavioral preference for Red Maple leaf litter over 
Black Cherry leaf litter as substrate (X2 p-value=0.0455) - salamanders were in the Red Maple 
litter at the end of 10 minutes in 12 out of 16 trials. 
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Figure 1: Salamanders chose Red Maple leaf litter in 12 out of 16 trials (p=0.0455). 

 

 

DISCUSSION 

 Our results suggest A. laterale salamanders do in fact actively choose Red Maple leaf 
litter over black cherry leaf litter. However, due to the nature of the methods of this experiment, 
we are not able to distinguish between a “preference” for Red Maple and an “avoidance” of 
black cherry. What we can conclude is that the relative paucity of salamanders in black cherry 
patches in the Big Woods is not just an artifact of relatively fewer refugia coincidentally found in 
these patches, but rather that it involves active habitat selection by A. laterale. Salamanders are 
also not just surviving better in the Red Maple patches; they have already undergone natural 
selection and the preference for Red Maple is reflected in their behavior. 

 This choice may be explained by several phenomena. If the salamanders are avoiding 
regions with a high density of black cherry trees, this behavior could have been selected for on 
account of the chemical composition of the environment in these black cherry patches. Black 
cherry pits are known to contain amygdalin, a cyanogenic compound (Sotomayor et al. 2006) 
that could be fatal if ingested. It could be that amygdaline or cyanide is present in the soil or leaf 
litter in which the salamanders reside, which could directly harm the salamanders via absorption 
through their skin. It may also be that amygdalin is ingested and converted to cyanide by 
invertebrates, which could indirectly harm the salamanders. Some larval Lepidopterans have 
been shown to sequester amygdalin into their frass (Fitzgerald 2008), and ingestion of these 
invertebrates may potentially poison salamanders. It may also be that either black cherry or red 
maple alters the pH of the soil when these tree species are present in high density patches. Soil 
pH has been shown to be an important factor in previous research on salamander habitat choice 
(Mushinsky 1975).  
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 On a more superficial level, black cherry patches contain lower quality refugia (see 
Rittenhouse et al. 2004) than Red Maple patches (personal observation, Belasen 2011), and 
through natural selection A. laterale may have evolved choice mechanism for selecting patches, 
e.g., red maple patches, that consistently contain higher quality refugia. Whether any or all of 
these factors are at play in this system, our results have shown that A. laterale has evolved 
habitat selection. This may be in the form of use of visual cues or olfaction (Shoop 1968) to 
sense an ideal or preferable habitat, or to avoid a lower quality or potentially toxic one.  

 The reasons behind habitat selection in A. laterale may be elucidated with further study. 
Including leaf litter from a “salamander neutral” patch (e.g., witch hazel, see Moore et al. 2011) 
as the alternate choice with leaf litter from either red maple or black cherry patches may be an 
ideal way to distinguish between avoidance of black cherry and preference for Red Maple. In 
addition, chemical extractions of leaf litter and soil samples from black cherry and red maple 
patches may allow for comparison of the chemical composition that may be responsible for this 
choice. To determine whether chemicals found in black cherry leaf litter are actually deterring 
salamander colonization, predominant chemicals may be isolated and applied to a neutral 
substrate, such as paper towel, and a similar choice experiment carried out.  

 Although we were not able to determine the ultimate cause for habitat selection in A. 
laterale, our results pave the way for future studies of this species. Documenting qualities of an 
ideal habitat for amphibians is critical to their conservation, and with the majority of these 
animals currently in decline, this information is highly valuable.  
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EVIDENCE FOR AVOIDANCE OF P. SEROTINA (PRUNUS SEROTINA) PATCHES 
IN BLUE SPOTTED SALAMANDERS (AMBYSTOMA LATERALE) 

 
ANAT BELASEN 

 
ABSTRACT 

 
Blue spotted salamanders (Ambystoma laterale) are among the most 

common amphibians on the E.S. George Reserve (Pinckney, MI), and as such 
conservation is not currently a concern for this species. However, due to its 
apparent preference for certain habitats within the reserve and apparent avoidance 
of others, a change in canopy composition may have severe impacts on this 
species. This study attempted to discern whether the apparent avoidance by A. 
laterale of Prunus serotina (P. serotina) patches is due to chemical composition 
of the leaf litter within these patches rather than due to effects of structure or 
visual cues. Avoidance of P. serotina due to its chemical composition indicates a 
lower quality or even toxic habitat, which has important implications for future 
conservation of this species.  

 
INTRODUCTION 

 
Blue spotted salamanders (Ambystoma laterale) are among the most common amphibians 

on the E.S. George Reserve (ESGR, Pinckney, MI). Although conservation is currently not a 
concern for this species due to its relatively high abundance and wide range, discerning its 
habitat preferences and behavior is critical to future management of this and similar species on 
the ESGR.  

Past studies conducted in this year on the ESGR have found A. laterale to be distributed 
in the Big Woods area of the ESGR in a non-random fashion; namely, A. laterale was found to 
be more aggregated than expected at random within red maple (Acer rubrum) patches, while the 
salamanders were less aggregated than expected at random within black cherry (Prunus serotina) 
patches (figure 1). This indicates a fitness cost associated with habitat surrounding P. serotina 
patches and a fitness advantage associated with red maple habitat. In a follow-up study, Taylor et 
al. (2011) found that A. laterale actively selected leaf litter and refugia taken from a red maple 
patch over a comparable amount of leaf litter and refugia taken from a P. serotina patch (figure 
2). This supports the idea that A. laterale is selecting its habitat, rather than distributing at 
random and surviving at a higher proportion in red maple patches.  
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Figure 1. A. laterale was found to be distributed less than expected at random in P. serotina patches  
(right figure) and more than expected at random in A. rubrum patches (left figure). Solid black line is  
the frequency of salamanders found over distance from the tree species in question, and dashed grey  
lines represent confidence intervals around a random distribution, represented by the solid grey line. 

 (Moore et al. 2011) 

 
 
 

Figure 2. Salamander choice for red maple over P. serotina was  
shown to be significantly higher than random (Taylor et al. 2011) 

 
 
Previous studies have not distinguished between avoidance of P. serotina and preference 

for A. rubrum.  In this study I attempted to discern whether A. laterale is avoiding P. serotina by 
presenting salamanders with a choice between a standardized neutral substrate soaked with water 
and alternately a neutral substrate soaked with P. serotina leaf litter “juice.” This design was 
meant to avoid any effects of structure, color, or other visual cues used in salamander habitat 
choice (Rittenhouse et al. 2004), with the intent of focusing solely on olfactory (Shoop 1968) or 
other chemical cues (Mushinsky 1975) that may be utilized in salamander habitat choice.  
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METHODS 
 
The study was conducted on October 15-16, 2011 on the grounds of the ESGR, within 

the Big Woods (figure 3). Rainwater was collected from a man-made pond on the reserve, and 
half of this was used to soak soil and torn leaf litter collected from within a P. serotina patch in 
the Big Woods plot (figure 4). This mixture was left overnight to extract superficial chemicals 
present in the leaf litter. Leaves found in the P. serotina patches came from a mix of primarily P. 
serotina, oak, and hickory trees, and these were all included at the densities found because this is 
the natural habitat the salamanders would encounter in these patches. The remaining half of the 
rainwater collected was retained to use as a control.  

 
Figure 3. Location of the Big Woods within the ESGR. 

 
 
 

Figure 4. Location of the P. serotina patch  
sampled within the Big Woods plot. 

  
 

 
Five ten-gallon terraria were lined with paper towel soaked in the P. serotina “juice” on 

one half and paper towel soaked in the plain rainwater on the other half. Refugia made from 
crumpled paper towel, also soaked in either P. serotina “juice” or water were placed on each 
side. Blue-spotted salamanders were collected from within red maple patches in the Big Woods 
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and placed in a terrarium on the center line between the “water” side and the “P. serotina” side. 
The salamanders were observed for 45 minutes and all movements between the two sides of the 
terraria were recorded, as well as the time at which these movements took place. Three trials 
were conducted with five salamanders tested in each trial. Results were analyzed using a 
binomial distribution to determine divergence from random movement. 

 
RESULTS 

 
Nine out of fifteen salamanders tested were found in water at the end of the experiment 

(figure 5). When tested with a binomial distribution, this trend was not found to be significantly 
different from random (p = 0.16).  

 
Figure 5.  Graph depicting final location in 15 blue-spotted salamanders tested.  

 
 

Choices to stay or leave a side of the terrarium were then divided into separate samples 
(figures 6 and 7), such that, for instance, a salamander that moved from water to P. serotina 
would be viewed as two samples: (1) movement from water to P. serotina, then (2) staying in P. 
serotina (figure 6). When probability of “staying” (i.e., the salamander did not move from this 
side after arriving) on each side was analyzed with a binomial distribution function, the 
probability of staying in water was significantly different from random (p = .001) while the 
probability of staying in P. serotina did not significantly differ from a random distribution (p = 
0.6).  
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Figure 6. Frequency of movements observed for all trials. 

 
 

Figure 7. Summary of choices viewed as independent samples.  
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Figure 6. Probability of salamanders staying on each side after having arrived there.  

 
 

DISCUSSION 
 
Although analysis of final location did not support avoidance of P. serotina in A. laterale, 

isolation of staying and leaving as separate samples showed strong evidence for avoidance. The 
day on which this experiment was conducted was relatively cold, and many of the salamanders 
did not move until t = 40 minutes because of this. Others moved relatively early on, but then did 
not move again for a relatively long period of time. This differed from the prior choice 
experiment (Taylor et al. 2011), which was performed on a warm day, and in which salamanders 
moved relatively quickly (trials were only conducted for ten minutes). Due to these cold 
conditions, trials were extended, however, it appeared that choices were being made more 
slowly, and thus salamanders that moved to P. serotina may have, given time, moved to the 
water side. This is why each choice to stay or leave was taken as a separate sample, and these 
analyzed. The results indicate that once a salamander reached the water side, it was significantly 
more likely to stay than if it reached the P. serotina side.  

This experiment shows that A. laterale is able to sense the P. serotina habitat and use this 
sensory information to avoid this habitat. This suggests that this species has evolved the ability to 
smell or sense cues in their environment that are not related to visual cues or structural 
differences (e.g., leaf litter depth). The apparent avoidance of P. serotina may be explained by 
several factors. Arthropod species richness is predicted to be lower in P. serotina patches (Li et 
al. 2011), which may correspond to abundance of food. This paucity of resources may be the 
driving factor in avoidance of P. serotina patches. It may also be that amygdalin, a cyanogenic 
chemical found in P. serotina pits (Sotomayor 2006) may create a toxic environment for these 
salamanders, which directly would impact their fitness and drive the evolution of this behavior. 
pH has been shown to drive salamander habitat choice (Mushinsky 1975), however no 
significant difference in soil pH was found between red maple patches and P. serotina patches in 
a previous study (Baiz et al. 2011).  

 Regardless of the ultimate cause, avoidance indicates that P. serotina patches are a low 
quality or even unsuitable habitat for A. laterale. It has been posited that, based on the known 
forest dynamics in the Big Woods, with the suppression of controlled fires beginning about 150 
years ago, P. serotina escaped from fire refugia and drastically increased in number (D. 
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Allen, personal communication). If this expansion of P. serotina contains, this may have serious 
implication for blue-spotted salamanders and other species that may show similarly low 
tolerances for P. serotina habitat. If this habitat is truly toxic to these salamanders, not only 
would adult salamander populations decline, but an increase of P. serotina could lower 
connectivity between breeding ponds by essentially creating an impenetrable barrier in the inter-
pond matrix. Matrix quality has been shown to impact species in forest patches (Perfecto and 
Vandermeer 2002), and in this system we can think of these ponds as “patches” of habitat for 
larval amphibians. Increasing isolation between ponds via an increasingly impenetrable matrix 
would inevitably lead to local extinctions. 

Further study is needed to determine whether P. serotina habitat is in fact toxic to these 
salamanders, and also whether the growing P. serotina patches have already resulted in a 
decrease in larval density in the ponds on the big woods. A previous study compared density of 
adult red-back (Plethodon cinereus) and blue-spotted salamanders surrounding ponds to known 
larval densities in these ponds and did not find a significant trend (Glaum et al. 2011). However, 
the inter-pond matrix was not examined as a potential confounding factor, nor was the canopy 
composition surrounding the ponds. Given the results of this experiment, presence of P. serotina 
surrounding the ponds or between the ponds could explain the patterns observed.  

Further changes in canopy composition could have severe implications for salamander 
density in the ESGR. Future studies are needed to elucidate the relationship between chemicals 
in the P. serotina leaf litter and avoidance of this habitat by salamanders, and to shed light on 
possible conservation concerns for this species.  
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MICROHABITATS AND PHILOPATRY OF AMBYSTOMA LATERALE IN THE E.S. 

GEORGE RESERVE  

 

PAUL GLAUM, ALLIE INJAIAN, ANAT BELASEN, MARCELLA BAIZ, MARIA 

RIOLO 
 

ABSTRACT 

 

Salamanders, with their specific and narrow habitat range, present 

researchers with a useful bio-indicator with which to study ecosystem 

disturbance.  As such, better understanding of the elements of an ideal 

salamander habitat would aid efforts in conservation and understanding of 

ecosystem processes.  This study looks into the elements of an ideal 

habitat by studying the effects of ground cover, distance from the nearest 

pond, and the practice of philopatry.  Due to its high abundance in the 

George Reserve, this study focuses mainly on Ambystoma laterale, the 

blue spotted salamander.  Ground cover by both bark and logs was found 

to not be a significant factor in A. laterale habitat, while philopatry did 

appear to play an important role in the dispersal of A. laterale.   Distance 

to nearest pond and A. laterale densities show trends of a hump shaped 

distribution, with larger individuals found at mid-range distances while 

smaller individuals are regulated to distances relatively close to and far 

from the pond site.  Our results suggest that the definition of ideal 

salamander habitat is complex and may need to be further investigated 

before any verifiable claims can be made.   

 

INTRODUCTION 

 

 Salamanders, like other amphibians, are considered to be important bio-indicators 

(ECOS, 2009).  Various salamander species have been used as indicators for species 

diversity and ecosystem integrity (Welsh et al, 2001).  Bio-indicators offer researchers a 

first-hand look at environmental and ecological disturbances before they become readily 

apparent because bio-indicators are often some of the first organisms affected by said 

disturbances.  The Americas have 230 of the 380 caudate species known to science 

(Conant, 1998).  Therefore, it behooves conservationists and researchers alike to study 

salamander population densities and habitats, as well as habitat disturbances that affect 

those densities.  With such a large number of bio-indicators to use, researchers in the 

Americas may be able to predict changes in climate, ecosystem composition, water 

quality, et cetera.  The E.S. George Reserve is habitat to seven salamander species; 

Ambystoma laterale (blue spotted), Ambystoma maculatum (spotted), Ambytoma tigrinum 

(tiger), Plethodon cinereus (red back), Hemidactylium scutatum (four-toed), 

Notophthalmus viridescens (red spotted eft), and Necturus maculosus (Mudpuppy).  Due 

the bias in our findings, our study focused on the two most numerous species, A. laterale 

and P. ciereus with the main focus being on A. laterale.    

 Within the framework of studying salamander habitats, the concept of 

microhabitats has emerged as a concern (Kluber et al, 2009).  The elements of an ideal 
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microhabitat are not strictly defined but examples of relationships between caudate 

density and various environmental factors do exist in the literature.  Downed wood was 

found to be an important factor (Butts and McComb, 2000) and the relationship between 

leaf litter depth and P. cinereus abundance was shown to be positive in the University of 

Michigan Biological Station (Clark et al, 2005).  Following similar logic, we measured 

downed wood and leaf litter depth, but also included patches of fallen bark (analogous to 

downed wood for salamanders and therefore a possible refuge) as a variable in our 

samples.   

 Another important element when studying any amphibian habitat is moisture.  

The E.S. George Reserve is home to many small ponds and a diverse landscape where 

moisture levels can change quickly.  Ponds are of a varying degree of importance to 

different salamander species.  P. cinereus is completely terrestrial, but A. laterale uses 

ponds as breeding sites and to avoid desiccation (Conant and Collins, 1998).  The 

importance of ponds in the habitats of A. laterale, lead us to search for relationships 

between A. laterale size (snout-vent length, SVL) and distance to pond sites.  Size was 

used as proxy to measure the relative importance of the pond resource.  Distance to pond 

and SVL were found to be negatively correlated in previous work done on the Reserve 

(Moore et al, 2011).  Considering the fact the smaller salamanders have a larger surface 

area to volume ratio and therefore would be more prone to desiccation, smaller 

salamanders also have a reason to vie for locations near ponds.  The possible dichotomy 

between these two influencing factors was the focus of our statistical analysis.   

 Certain elements of an organism’s preferred habitat are indirectly related to the 

environment’s abiotic and biotic factors.   One such element involves the practice of 

philopatry.  Species that exhibit philopatry return to their natal location to reproduce 

(Weatherhead et al, 1994).  When determining a salamander’s preferred habitat, the 

philopatric nature of that salamander species must be taken into account.  Philopatry has 

been documented in P. cinerus (Liebgold et al, 2011).  We were able to obtain data on the 

larval densities of A. laterale in 2010 for our pond sites (Werner’s lab, University of 

Michigan).  In order to investigate any possible trends that indicate philopatry in A. 

laterale, we compared densities of adults and larvae in the previous year.  To summarize, 

we investigated philopatry in A. laterale and preferred habitat in A. laterale with respect 

to ground cover and distance from nearest pond.   

 

METHODS 

 

Experimental Area  

 In October of 2011, five ponds on the E.S. George Reserve in Pinckney, MI were 

chosen: Dreadful Swamp, Uzzell Pond 4, West Marsh 10, Crescent Pond, and West 

Wood Little Pond.  Around each pond, 2 transects were measured, each 25mx10m.  

Transects were chosen randomly, with each transect beginning at the edge of the pond.  

Data Collection 

 Ground cover was calculated for each transect.  Surface area measurements of 

logs and bark within a randomly selected 5mx10m plot centered along the transect were 

measured and extrapolated as the ground cover for the entire transect.  The center of the 

5mx10m plot was chosen through random number generation.  Logs were approximated 

as rectangles and length and width was measured. Widths were categorized as thin (15cm 
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or less), average (16cm to 30cm), or fat (50cm or great).  If a log was less than 5cm wide 

it was not measured.  Lengths were categorized as short (30cm or less), medium (31cm to 

1m), long (1.1m-2m), or tree (2.1m or greater).  If a log was less than 10cm long it was 

not measured.  Bark cover was calculated by approximating bark patches as rectangles 

and measuring their length and width.  Depth of leaf litter was taken at 4 points around 

the perimeter of each half of the 5mx10m plot, for a total of 8 points of leaf litter 

measurements. That leaf litter depth was then averaged. The ground cover measured in 

this plot was assumed to be representative of the entire transect.   

 While ground cover was only sampled in the randomly placed 5mx10m plot, 

salamanders were recorded throughout each 25mx10m transect.  Salamanders were 

located in each transect by upturning logs and bark which fit the above size 

specifications. Once a salamander was found, the pond location and transect number, 

along with distance from pond, species, snout-vent length, and discovery location (bark 

or log) was noted. Snout-vent length was measured from the tip of the nose to the middle 

of the cloaca. After being measured, salamanders were returned to their original habitat. 

Four ponds were measured between 8:00 AM and 12:00 PM, while the fifth pond was 

measured between 1:00 PM and 2:00 PM.  

Statistical Analysis 

 Resampling methods of linear regressions were performed when the linear 

regression alone was not enough to establish a definitive result. Data points were 

resampled with replacement and plotted.  The regression line for those resampled points 

was calculated and the slope was stored and compared to the original regression line from 

the raw data. If over 95% of the resamples had a similar slope we termed the relationship 

significant.   

 

RESULTS 

 

Across the five sampled sites, we found a total of thirteen A. laterale, nine P. 

cinereus, two H. scutatum, and one A. maculatum. The observed densities of A. laterale 

adults within 25 meters of a pond was strongly correlated with the density of A. laterale 

larvae measured in the pond in May (see Figures 1 and 2). 

 
Figure 1. Scatter plot comparing A. laterale adult and larval densities at each pond. As predicted, we found 

higher densities of A. laterale adults in ponds that had higher concentrations of A. laterale larvae in May. 
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Figure 2. Resampling our set of ponds 10000 times yielded a positive correlation between adult and larval 

densities of A. laterale in all but 198 cases. 

 
 Contrary to our expectations,  the results showed no significant correlations of 

salamander density to log cover, bark cover, total cover provided by logs and bark, mean 

leaf litter depth, largest log present, largest contiguous patch of bark cover, or deepest 
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leaf litter (results not shown). Densities of adult A. laterale and of P. cinereus also 

showed no significant correlation with any of these factors. However, the density of A. 

laterale larvae was correlated with mean leaf litter depth (see Figures 3 and 4).  The 

correlation between density of A. laterale adults and leaf litter depth was not statistically 

significant but did show a positive trend similar to the relationship between leaf litter 

depth and larval density.   

 
Figure 3. A. laterale density in a pond was found to be positively correlated to mean leaf litter depth near 

the pond.  

  
Figure 4. Resampling our set of ponds 100000 times showed that the positive correlation between the 

density of A. laterale larvae in a pond and the depth of leaf litter surrounding the pond was significant. 
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 We found no correlation between SVL and distance from pond (see Figure 5), in 

P. cinereus, or in A. laterale. However, re-sampling showed a significant (p < 0.05) 

positive correlation between SVL and distance to the nearest pond in A. laterale under 

five centimeters in length, although the corresponding negative correlation between size 

and distance in A. laterale over five centimeters in length was not significant (see Figure 

6). 

 
Figure 5. We found no significant correlation between snout-vent length and distance to nearest pond of all 

salamanders found. 
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Figure 6.  Linear regressions for SVL as a function of distance for all A. laterale, A. laterale under 5.0 cm 

in length, and A. laterale over 5.0 cm in length. Of these, only the positive correlation between SVL of A. 

laterale under 5.0 cm in length and distance to pond was found to be significant (p < 0.05) by resampling. 
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 In order to further investigate the relationship of salamander size and distance to 

the nearest pond, we combined our data with that of Moore et al. (2011), which had been 

collected the week prior and spanned a greater range of distances (Figure 7). Again, we 

found no significant upward or downward trends in SVL as a function of distance to the 

nearest pond in all salamanders, P. cinereus, or all A. laterale. Also the relationship 

investigated previously involving A. laterale with SVL larger and smaller than 5cm no 

longer held.  However, we observed that the sizes of A. laterale found appeared to form a 

hump shape when plotted against distance from pond. Linear regression showed that both 

the positive correlation in distances from a pond up to 55 meters and SVL in A. laterale 

and the negative correlation in distances greater than 55 meters and SVL were highly 

significant (see Figure 8). 

 
Figure 7. Data from our sample (indicated by the larger set of markers on the plot) plotted together data 

from the study of Moore et al.  (the smaller markers). The blue circles indicate A. laterale, the red triangles 

indicate P. cinereus, black dots indicate H. scutatum, red X-marks indicate N. viridescens, and yellow 

circles indicate A. maculatum. 

 
Figure 8. A. laterale within 55 meters of a pond show a strong positive correlation between size and 

distance from the pond, while A. laterale further than 55 meters from the nearest pond show a strong 

negative correlation of SVL with distance from the pond. 
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DISCUSSION 

 

 Upon resampling, our results show a significant relationship between spring A. 

laterale larvae density in our sampled ponds and adult density around those same ponds 

the following fall.  While this study is not able to claim those adults found near the 

sampled ponds were returning to their natal ponds, the trend of positively correlated 

densities warrants further investigation into the possible phenomenon of philopatry in this 

species.  Using the mark-recapture techniques of Liebgold (2011), further long term 

studies could determine the dispersal patterns of A. laterale.  If these patterns of dispersal 

do result in a verified philopatric tendency, then A. laterale would join other species such 

as P. cinereus and A. talpoideum (Semlitsch et al 1993) in this category and any attempts 

at conservation involving the species would need to take these tendencies into account.   

 Our results showed no significant relationship between adult salamander density 

and log cover, bark cover, total cover provided by logs and bark, mean leaf litter depth, 

largest log present, largest contiguous patch of bark cover, or deepest leaf litter.  These 

results held for all salamanders sampled and individual species.  While this result may be 

an artifact of a low sample size, they do suggest that ideas of suitable microhabitats for 

salamanders may need to be rethought.  As described above, the variables measured in 

this study do have precedence in the literature but showed no significance to densities in 

the Reserve.  To rule out the possibility of the result being an artifact, future studies 

should attempt a larger sample size with the same variables but also include untested 

variables. Measuring soil pH or directly measuring soil moisture could shed new light on 

what should be considered a suitable salamander microhabitat.  Upon resampling, leaf 
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litter depth and A. laterale larvae density did exhibit a significant positive correlation.  

This suggests that leaf litter depth may be an important quality in determining abundance 

of A. laterale.  While leaf litter was not found to be significantly correlated to adult A. 

laterale densities, it did exhibit a positive trend and further study could ascertain whether 

there is any relationship between adult and larval densities and depth of leaf litter.   

 Finally, the SVL of the salamanders sampled in this study did not exhibit any 

significant correlation with distance to the nearest pond.  Neither P. cinereus nor A. 

laterale exhibited a significant relationship in this instance.  This result was more 

expected from the terrestrial P. cinereus but A. laterale uses ponds as a breeding site so a 

lack of any significant relationship warranted further statistical investigation.  Using the 

data from this study alone, a possible trend was investigated involving A. laterale with 

SVL<5cm and SVL ≥5cm.  Salamanders with a SVL smaller than 5cm seemed to show 

significant positive correlation with distance to nearest pond.  However, upon combining 

data with the findings of Moore et al (2011), the trend no longer exhibited any 

significance.  Further analysis did find strong positive correlation between SVL and 

distance from pond within 55m and a strong negative correlation between SVL and 

distance from pond beyond 55m.  This suggests a possible hump shaped distribution of 

SVL along the distance gradient.  This suggests interplay between small A. laterale 

moving toward ponds to avoid desiccation and large A. laterale out competing small A. 

laterale for space.  One possible explanation is that large A. laterale oust smaller 

individuals out of A. laterale’s ideal distance from the breeding ponds.  The results of this 

study suggest that that ideal distance is a midrange distance from the pond, not far, but 

not too close.  The notion of an ideal distance comes from the idea that larger 

salamanders, through their ability to dominate through direct competition, can more 

freely choose their location.  Therefore, where the majority of large A. laterales are 

located is inferred to be the ideal location.  This leaves smaller individuals to compete for 

locations closer to the pond in order to secure adequate moisture.  Small individual A. 

laterale which cannot procure a spot close to the pond cannot compete with larger 

individuals located the medium ideal distance and are therefore regulated to relatively 

distant locations from the pond.  This creates the hump shaped distribution.  Smaller 

individuals that were able to obtain a spot close to the pond, then large individuals that 

occupy the ideal location, then smaller individuals that were excluded to a further 

distance.   

There is empirical evidence of smaller salamanders being found closer to pond 

edges.  In a review of six Ambystoma species, Semlitch (1998) found that adult 

salamanders were found on average 125.3m from the edge of aquatic habitats, while 

smaller juveniles were found on average 69.6m from the edge.  Williams (1973) found 

that adult A. jeffersonianum (a close relative to A. laterale, as the two species are known 

to hybridize in Michigan (Conant and Collins 1998)) salamanders were found on average 

252m from the edge of a pond, while juveniles were found an average of 92.2m from the 

edge. The result of smaller salamanders also being found further from the pond while 

large salamanders occupy middle distances requires further investigation and large 

sampling size to be verified or refuted.   

 The results and analysis of this study show that the concept of determining an 

ideal microhabitat for salamanders can have many variables and some of the assumptions 

made about ideal microhabitats may need further scrutiny.  While this study focused 
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mainly on A. laterale, analogous trends presented in the literature suggest the 

complexities studied here should be taken into account when considering conservation 

efforts of any salamander species.   
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SPATIAL DISTRIBUTION OF PSEUDACRIS  CRUCIFER CRUCIFER IN THE BIG WOODS 
PLOT 

BEATRIZ OTERO-JIMENEZ 
 

ABSTRACT 
 

Understanding the way organisms move through the landscape is very 
important for the development of good conservation strategies. Movement 
between population maintains genetic diversity and helps prevent local 
extinctions of species. Amphibians are especially sensitive to changes in 
landscape composition. In this study we examined to possible variables that 
may affect spatial distribution of tree frog P. crucifer in the E. S George 
Reserve in Southeastern Michigan. We measured abundance in patches 
dominated by three different understory plants (1) witch hazel, (2) rad maple 
and (3) black cherry. We also measured the abundance along an elevation 
gradient. We found that there seems to be a barrier and little cross over 
between population located on either side of a road. Abundance on witch hazel 
patches was higher than expected and no correlation was found between 
abundance and elevation. P. crucifer may have a preference for witch hazel due 
to the leaf litter qualities and higher availability of soil arthropods as a food 
source. The esker road may be a barrier between two populations of P. crucifer 
that prevents dispersal and genetic diversity. We found evidence of 
environmental barriers of this species at a very local scale. This information is 
very important when managing a natural reserve.  
 

INTRODUCTION 
 

Recent studies have demonstrated the importance of dispersal in the dynamics of 
metapopulations (Mouquet and Loreau. 2003, Smith and Green 2005). These are spatially 
separated populations from the same species that interact at some level.  Dispersal of these 
organisms across the landscape helps prevent local extinctions, maintains genetic diversity and 
allows colonization of new habitat (Calabrese and Fagan 2004). Establishment in new habitat 
depends on the ability of a species to detect and reach these suitable areas (Mazerolle et al. 2005). 
Dispersal success can be associated with distance between patches or degree of connectivity 
(Mazerolle et al. 2005) which is defined as the resistance of landscape components to the 
movement of organisms (Tischendorf and Fahrig 2000).  Landscape connectivity is a function of 
the quality of the matrix through which individuals must move (Henein and Merriam 1990, 
Mazerolle et al. 2005, FitzGibbon et al. 2007) and is also dependent on other variables like 
environmental conditions (Werner et al. 2007) survival and movement ability (Belisle 2005).  

The structure of the landscape can affect dispersal patterns of amphibians through 
avoidance of habitat edges, differential movement performance in response to different 
substrates, and differential survival and water loss associated with different habitats (Stevens et 
al. 2004, Rittenhouse et al. 2008). For some amphibians are more susceptible to changes in land 
cover due to their complex life cycle, which may include different types of habitats. For example 
a recent study found that frogs species richness varied in relation to the distance from ponds, 
used as nesting areas (Werner et al. 2007). This same study also found low connectivity between 
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local frog populations in a temperate forest and low recolonization between these populations. 
Also it has been documented that plant chemical characteristics may affect the spatial 
distribution of amphibians. For example, a recent studied showed that plant chemical traits (e.g. 
hydrogen cyanide) affect the distribution of the blue spotted salamanders (Moore et al. 2011).  
 

The objective of this study was to examine the spatial distribution of a common tree frog 
(P. crucifer crucifer) in a woodland forest and evaluate possible variables that may affect local 
community dynamics. Pseudacris crucifer is a tree frog that can be found all through the United 
States and Canada (Austin et al. 2002). There are two subspecies of this animal each common to 
the northern or southern part of the region (Austin et al. 2002). Their breading season is during 
the months of April and May and that is when they are the most active (Austin et al. 2002). They 
lay their eggs on the edges of ponds and adults are usually found around the leaf litter. Their 
relative high abundance in the landscape makes them a good species to study population 
dynamics and dispersal. For our study we evaluated to possible variables affecting P. crucifer 
distribution: (1) abundance within patches of dominant understory plant species and (2) 
abundance along an elevation gradient. We expected lower abundance of P. crucifer in black 
cherry patches due to poor leaf litter quality and chemical components and a decrease in 
abundance with higher elevations.  
 

METHODOLOGY 
 

Study site 
 

This study was conducted in the E.S. George reserve located on Livingston County, 
Michigan. Average temperature for the region varies from 22°F (January) to 72°F (July). 
Average annual precipitation for the area is 30 inches. Our sampling was done during October 17, 
2011 in the Big Woods Plot on the edge of the Esker road. This part of the reserve has all trees 
with >10 cm diameter tagged and geographical location. The overstory is dominated by oak and 
hickory species while witch hazel, red maple and black cherry dominate the understory. 
 
Figure 1. Map of sampling area. Polygons represent patches sampled for each species: witch hazel (green), red 
maple (red) and black cherry (gray). 
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Frog sampling  
 

Surveys were conducted along three transects on each side of the esker road composed of 
witch hazel, red maple and black cherry patches (Fig. 1). We walked along each transect for 30 
minutes, disturbing the leaf litter and recorded the presence of P. crucifer individuals and the tag 
number of the nearest tree. Surveys were done once in the morning and once in the afternoon for 
a total of 3 hours of surveying on each of our transects.  

 
Using the geographical position of the trees we obtained the distance of each P. crucifer 

individual from the esker road. We divided frogs into 5 different groups representing their 
approximate distance from the esker road. This was used as a proxy for elevation; shorter 
distances to the esker road represented higher the elevation.  
 
Data analysis 
 

Spatial distribution data of P. crucifer among witch hazel, red maple and black cherry 
patches was analyzed using a Chi square test. Our expected abundance was calculated by 
dividing the number of trees from each species between the total number of tree in our study area. 
Distribution of P. crucifer along the elevation gradient was analyzed using a correlation. All 
statistical analyses were done using SPSS version 5 (SPSS Inc., Chicago IL). 
 

RESULTS 
 

A total of 27 individuals were recorded. Of these 27 only 2 were found in the south side 
of the esker road (Fig. 2). Our results show higher than expected P. crucifer abundance in witch 
hazel patches (P<0.001; Fig. 3). Differences between expected and observed abundance for red 
maple (P= 0.08) and black cherry (P= 0.22) were not significant (Fig. 3). Results for the 
elevation gradient showed no significant correlation between elevation and abundance of frogs 
(r= -0.217, P=0.776; Fig. 4).  There was a weak trend for lower abundance at lower elevations 
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but it was not significant. Another interesting observation made during the experiment was that 
only 2 individuals where found in the south side of the esker road 
 
Figure 2. Map of the sampling area, broad white region indicates the esker road, black circles represent a P. crucifer 
sighting.  

 
Figure 3. Expected (E) and observed (O) relative percent abundance of P. crucifer in witch hazel, black cherry and 
red maple.  

 
 
Figure 4. Correlation between elevation (distance from the esker road) and frog abundance. A higher value for the 
distance in esker road is equivalent to lower elevations. 
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DISCUSSION 
 

Amphibians may be especially susceptible to environmental and physical barriers in the 
landscape because of their physiological traits and complex life cycles (Rothermel and Semlitsch 
2002). Due to their physical characteristics amphibians tend to lose water rapidly when exposed 
to dry air due to evaporative water loss trough skin and lower environmental water intake (Wells 
2007). Thus any microclimatic changes within a habitat may serve as a dispersal barrier for this 
group, preventing colonization of new habitats. We expected lower abundance in black cherry 
patches due to poor leaf litter quality (Baiz et al. 2011) and higher abundance at low elevations. 
Studying the movement of herpetofauna across the landscape and between populations is 
important to better understand the effects of different landscape elements on these populations 
(Bell & Donnelly 2006).  

Our results show a higher abundance of P. crucifer in the north side to the esker road, 
suggesting that this road is a barrier for P. crucifer dispersal. One possible explanation is 
standing water availability. The north side of the esker road has two small ponds that at the time 
of the survey still had water. On the other hand, the south side of the road has a marsh in its 
vicinity which at the time was completely dry. Suggesting that the south side of the esker road 
may be a less suitable habitat. This is similar to what was found in Werner et al. 2007 for many 
amphibian species, where as distance from a pond increased, abundance decreased. Also, the 
esker road could be considered a low quality matrix for frogs to move through because of  low 
canopy, vegetation cover and soil humidity. This posses a challenge for local population 
extinctions, when P. crucifer goes extinct in one south side, the possibility of recolonization by 
it’s neighboring population is very low.  

Results for P. crucifer abundance in different plant species patches showed lower 
abundance in black cherry patches than in patches of the other two species (witch hazel and red 
maple) but not significantly lower that expected. On the other hand, abundance was higher than 
expected in witch hazel patches. These results suggest that P. crucifer may not be as susceptible 
to the presence of hydrogen cyanide on the soil produced by the black cherry as other 
amphibians like the blue spotted salamander. These species also demonstrated a preference for 
witch hazel that is determining it’s distribution in this forest area. This could be due to leaf litter 
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depth and biomass that has been reported to be higher in witch hazel than in black cherry (Baiz et 
al. 2011). Leaf litter conditions also affect arthropod density in the soil (Li et al. 2011), this may 
affect the distribution of P. crucifer since that is their main food source. Amphibian 
metapopulation dynamics are affected greatly by their surrounding environments and 
microclimate. Understanding the effects of different perturbations on the landscape on dispersal 
can help us better plan for conservation strategies to maintain genetic diversity, promoting better 
matrix composition.  
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SPATIAL DISTRIBUTION OF EARTHWORMS IN THE BIG WOODS PLOT 
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AND IVETTE PERFECTO 

 
ABSTRACT 

 
Populations are shaped by the interactions of the biotic and biotic characteristics 
they have. Studies have shown that the interaction between trophic interactions, 
plant chemical characteristics and nutrient dynamics plays an important role in 
plant – herbivore relationships. In this study we wanted to know the role 
earthworms played in a similar system involving black cherry, blue spotted 
salamander, soil arthropods and nitrogen to phosphorous ratio. We measured 
earthworm abundance, biomass and diversity in patches dominated by three 
different tree species (witch hazel, red maple and black cherry). Our results 
show a lower abundance and biomass of earthworms at black cherry patches. 
Suggesting that these animals may be avoiding these patches due to the 
hydrogen cyanide produced by this plant. We also found that adult proportion 
was higher in this area, from this we can conclude that maybe adult individuals 
are less affected by the cyanide on the soil. In the E. S George reserve located in 
southeastern Michigan, bluespotted salamanders, soil arthropods and 
earthworms seem to be avoiding forest patches dominated by black cherry. 
 

INTRODUCTION 
 

For a long time studies in population and community ecology have been debating the role 
of top-down (predation) and bottom-up (resource limitation) forces in shaping community 
structure (Forkner and Hunter 2000). For example, in plant-herbivore systems we can see how 
trophic interactions, plant chemical traits and nutrient dynamics may interact to shape 
community structure. For example, individual plants may vary in their chemical composition. 
This in turn has an effect on the availability of resources for herbivores (Hunter et al. 1996), 
affecting herbivore density and thus influencing dynamics at higher trophic levels. This 
phenomena has been studied in the gypsy moth and oak system. Where, a virus attacks the gypsy 
moth and chemical properties of the oak tree inhibit the infection process in larvae. In this 
example the chemical concentrations can vary between species and individual thus affecting 
foliage and gypsy moth density (Hunter et al. 1996).  
 

These interactions are not limited to plant-herbivore systems. Field observations and 
research data suggest a similar interaction between black cherry, soil arthropods and salamanders 
in the E. S. George Reserve located in southeastern Michigan (Perfecto personal communication). 
Black cherry (P. serotina) is known to produce amygdalin, a secondary chemical component that 
breaks down into hydrogen cyanide (Swain et al. 1992). A study showed a trend for lower leaf 
litter biomass in black cherry when compared to other two species located in the same area 
(witch hazel and red maple) (Baiz et al. 2011), suggesting that black cherry produces less 
structural components like lignin as a tradeoff for producing amygdalin and thus decomposes 
more rapidly. This faster leaf litter decomposition could also promote higher nitrogen to 
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phosphorous ratio in these areas. On the other hand, it has been found that blue spotted 
salamanders avoid black cherry patches (Moore et al. 2011) and that soil arthropod biomass is 
also lower in this environment (Li et al. 2011).  All of this suggesting that chemical composition 
of black cherry (amygdalin) is affecting the spatial distribution of many organisms and thus the 
trophic interactions between them.  
 
 In environmental conditions like the one in black cherry, soil community composition 
depends on the susceptibility of organisms to cyanide. Studies have shown moth larvae (Jones 
1963, Brasttsten 1983), snails (Doudoroff 1976, Gomez 1988) and earthworms (Topoliantz et al. 
2002) to be resistant to cyanogenic compounds produced by plants. All of the earthworms 
present in the northern United States are introduced species mainly from Europe. Any native 
earthworms in this region were extinct by the last glaciation event. Many studies have shown 
great changes temperate forests ecosystems properties after the invasion of earthworms (Bohlen 
et al. 2004, Groffman et al. 2004, Migge-Kleian et al. 2006). On of the most documented effects 
of earthworms is reducing the amount of forest floor, turning leaf litter and decomposing at 
higher rates (Migge-Kleian et al. 2006). In this study we attempt to further our knowledge of the 
interactions between black cherry and the soil community by looking at earthworm spatial 
distribution in this area. We compared black cherry patches to witch hazel and red maple 
dominated patches. We expected to find higher abundance and biomass of earthworms under 
black cherry. This assumption was based on the knowledge that black cherry had less leaf litter 
biomass and that some species of earthworms are resistant to cyanide.  
 

MATERIALS AND METHODS 
 
Study Site 

Our study was conducted in the University of Michigan E. S. George Reserve, located in 
Livingstone County, Michigan on October 16, 2011. The reserve consists of 525 ha of moraine 
and basin topography. This plot is dominated by grassland and wood land forest. Our sampling 
sites (Fig. 1) were located in the Big Woods Plot. This area is a transitional forest, where the 
overstory is dominated by oak and hickory trees and the understory by witch hazel, black cherry 
and red maple trees. Within this plot all trees with a diameter >10 cm have been previously 
tagged and geographically located.  

Figure 1. Map of the Big Woods Plot with all tag witch hazel (green), red maple (red) and black cherry (gray) trees. 
Plots are marked by a blue circle and sampling sites are shown with a black circle.  
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Earthworm sampling  
 

We sampled earthworms in 3 plots (blue circles Fig. 1) composed of patches were one of 
our three studies species were dominant (witch hazel, red maple and black cherry). At each 
species patch (3 for each species) earthworms were extracted from three 25 cm2 quadrants in 
each of the witch hazel, red maple or black cherry patches. Earthworms were extracted by using 
a mixture of powdered mustard and water. A gallon of this mix was poured into the soil within 
each quadrant. We weighted for earthworms to emerge and collected them. We counted the total 
number of worms, measured their length and identified adults per quadrant. After this, worms 
were killed and stored in 70% isopropyl alcohol for identification. 

Statistical analyses 
 

Biomass was calculated from length using an allometric equation used in Hale et al. 2004. 
We calculated average our number of earthworms, biomass and proportion of adults for each tree 
species (witch hazel, red maple and black cherry). To test the significance of these relationships, 
a pairwise resampling method was used.  In a given relationship between two variables, each 
data set was resampled with replacement and stored in a new set.  The mean of that set was then 
calculated and compared to the mean of the resampled set from the other variable in question.  In 
this study, comparisons were done by subtraction.  This was then done 100,000 times and the 
resulting difference from each comparison of resampled means was stored and plotted in a 
histogram.  If the comparisons of resampled means showed a relationship that matched that 
found in the actual data with a frequency of 90 percent (p<.1), then the relationship was deemed 
significant. These statistical analyses were done using R 2.12.0 (2008). Species diversity 
assessed using Mao Tau and Chao species richness accumulation curves and Jaccard similarity 
index.  These analyses were done using EstimateS (Version 7.5, R. K. Colwell). 
 

RESULTS 
 

Total number of earthworms was higher in maple, followed by witch hazel and then 
black cherry having the lowest number of earthworms (Fig. 1). The resampling method showed 
that this relationship was statistically significant (Table 1). Results for total biomass also 
maintained this pattern. Red maple had the highest earthworm biomass and black cherry patches 
the lowest (Fig. 2), but only showing significant results for the relationship between red maple 
and black cherry (P= 0.06).  
 
Figure 1. Average number of earthworms per patch (black cherry (BC), red maple (RM) and witch hazel (WH)). 
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Table 1. P-values of resampling method for average number of earthworms (black cherry (BC), red maple (RM) and 
witch hazel (WH)). 
 

	  	   P	  value	  
RM>WH	   0.08	  
RM>BC	   0.001	  
WH>BC	   0.1	  

 
 
Figure 2. Average biomass of earthworms per patch 

 
 

Proportion of adults was higher in witch hazel patches, followed by black cherry and red 
maple having the lowest proportion of adults (Fig. 3). Resampling method showed that witch 
hazel had a higher proportion of adults than black cherry (P= 0.01, Fig. 3) and that black cherry 
had a higher proportion than red maple (P= 0.08; Fig. 3). 
 
Figure 3. Average proportion of adult earthworms per patch (black cherry (BC), red maple (RM) and witch hazel 
(WH)). 
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We found a total of 7 earthworm species in our sample (Table 2). Mao Tau species 
accumulation curves showed no difference in diversity between patches of witch hazel, red 
maple and black cherry (Fig. 4) because confidence intervals overlap. The same trend was found 
in the Chao estimate curve were all species were expected number of species was close to the 
actual number, but there was also a lot of variation in confidence intervals (Fig. 5).  Jaccard 
similarity index showed that species overlap was more that 50% between all our patches (Table 
3).  
 
Table 2. Number of earthworms found by species in black cherry, witch hazel and red maple. 
Species Black 

Cherry 
Red  
Maple 

Witch 
Hazel 

TOTAL 

Lumbricus 
terrestris 

11 11 16 39 

Lumbricus 
rubellum 

1 3 2 6 

Aporrectodea 
calliginosa 

2 5 5 12 

Aporrectodea 
tuberculatum 

1 6 1 8 

Aporrectodea 
longa 

0 2 2 4 

Aporrectodea 
trapozoide 

1 0 1 2 

Allobolophora 
chloritica 

0 1 0 1 

TOTAL 17 28 27 72 

 
Figure 4. Earthworm species accumulation curve for black cherry, witch hazel and red maple. 
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Figure 5. Chao species richness estimate for black cherry, witch hazel and red maple. 
 

 
 
 

DISCUSSION 
 

We wanted to measure the spatial distribution of earthworms in black cherry, witch hazel 
and red maple patches. We expected higher earthworm abundance and biomass at black cherry 
patches due to recorded resistance of earthworms to cyanogenic plants and rapid decomposing 
leaf litter. Our results suggest the opposite trend. We found lower abundance and earthworm 
biomass in black cherry patches when compared to witch hazel and red maple. Only one study 
was found in literature search that tested the resistance of one earthworm species (Eudrilus 
eugeniae) to cyanide (Topoliantz et al. 2002). This species is native to tropical west Africa. Since 
most of the species found in our study were of European descent, traits that make Eudrilus 
eugeniae resistant to cyanide may not b present in species in our study. Further research in this 
topic is necessary to reach a better conclusion, but we could interpret these results as evidence 
that the species of earthworms found in the E. S. George reserve are susceptible to cyanide.  

On the other hand, the proportion of adults was higher in witch hazel than red maple, 
suggesting that adults may have a higher capability persevere in cyanide rich environments than 
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juveniles. Many organisms show susceptibility to the presence of cyanide and often this has led 
to local population extinctions. Often this happens when anthropological cyanide contamination 
is produced or when a new cyanide producing element enters the environment (e.g. invasive 
plant). However there are specialized organisms that can thrive in this type of environment, but 
this resistance in most cases is the product of many years of evolution. In the case of the 
earthworms found at the E. S. George reserve, these are invasive species that have started to 
colonize the northern forests very recently. They may not have yet developed that resistance to 
cyanide.  
 

Our results also suggest that there was no difference in species diversity with patches. We 
were expecting higher species richness in black cherry. Similar species composition can be 
attributed to the fact that invasive species are often generalist, thriving in diverse environmental 
conditions. Earthworms are not an exception.  Our study has shown that earthworms, similar to 
the blue spotted salamanders (Moore et al. 2011) and leaf litter arthropods (Li et al. 2011) seem 
to be avoiding black cherry and are found in lower densities in these areas. This gives us an 
example of how plant chemical traits can shape community distribution and in this case chemical 
traits from the native plant are preventing the establishment of an invasive species in the area.  
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BUGS IN THE BIG WOODS: 
DISTRIBUTION OF LEAF-LITTER ARTHROPODS IN AN 
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ABSTRACT 

Spatial distribution in ecology can arise from endogenous and exogenous factors 
that act on populations.  Although exogenous patterns are more frequently 
observed empirically, endogenous organization may comprise a large part of 
ecological spatial patterns.  In previous studies, an endogenous pattern was 
observed among the black cherry, witch-hazel, and red maple patches in the Big 
Woods, which in turn was shown to act as an exogenous factor for blue-spotted 
salamander distribution.  This study extended the investigation of these 
exogenous effects to arthropods, by comparing species richness and biomass 
between patches of trees.  Witch hazel patches were found to have higher 
observed macroinvertebrate richness and biomass, but species richness estimators 
consistently predicted higher richness in red maple.  Differences in observed and 
predicted arthropods may be due to limitations in our sampling methodology. 
Species richness was lower in black cherry patches, which matched expectations 
based on previous observations of salamanders, and may be due to cyanogenesis 
expressed by black cherry leaves. 

 
INTRODUCTION 

Spatial distribution of organisms can be determined by environmental factors or by 
dynamic interactions between populations themselves (exogenous and endogenous 
patterns).  These differing interactions represent two contributing factors to population spatial 
dynamics (Turchin, 1999); although endogenous patterns have been the focus of theoretical 
ecologists while empirical ecologists have mainly studied exogenous spatial heterogeneity 
(Bolker, 2003).  However, theoretical ecological models suggest that spatial patterns arising from 
endogenous interactions should be more prevalent than reported in empirical literature, and 
should actually be quite frequent (Perfecto & Vandermeer, 2008).  Perfecto and Vandermeer 
have demonstrated this in Azteca ant colonies on homogenous coffee plantation how these 
factors may stabilize host/parasite systems.   Gahagan et al. have examined the exogenous and 
endogenous factors influencing emigration in juvenile anadromous alewives, Alosa 
pseudoharengus (2010). Alewives migrate based on a combination of exogenous factors, 
including temperature, photoperiod, and food abundance, and endogenous factors such as fish 
age, sex, size and energy reserves. 
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A previous study in the Big Woods of the E.S. George Reserve in Michigan has shown 
that three predominant species of understory trees have formed endogenous patterns of 
aggregation.  Black cherry (Prunus serotina), red maple(Acer rubrum), and witch-hazel 
(Hamamelis virginiana) are significantly associated in conspecific patches spread 
heterogeneously throughout the landscape (Allen, unpublished data).  A survey of a 4-hectare 
section in this area for amphibian distribution revealed a preference of blue-spotted salamanders 
(Plethedon cinerus) for red maple patches and an avoidance of black cherry patches (Moore et al., 
in review).  This observed spatial distribution of salamanders may be attributed to exogenous 
influences from tree patches, through differences in habitat quality between patches, differences 
in food resources, or avoidance of black cherry, whose leaves are capable of cyanogenis.  If the 
observed salamander aggregations are indeed related to tree aggregations, then the salamander-
tree patches relationship would demonstrate an exogenous pattern arising from an endogenous 
distribution. 
          Detritivore arthropods play a significant role in nutrient cycling and reducing debris 
amount in forest ecosystems (Seastedt & Crossley, 1984, Henegen et al., 1998).  Distribution of 
arthropods within forests may vary with environmental factors, such as tree species.  The tree 
specialization hypothesis (TSH) posited by Erwin (1982) proposes that tropical arthropod 
diversity can be explained by arthropod specialization to a limited number of tropical tree taxa. 
Hansen et al. found that leaf litter composition had some effect on the species composition of 
litter-dwelling orbatid mites (1998). 

The purpose of this study was to examine whether the endogenously-formed patches of 
black cherry, red maple, and witch-hazel act as an exogenous factor on the arthropod 
community.  We used arthropod biomass and species richness as indicators of arthropod quantity 
and community quality.  Forest floor environmental quality measurements were taken from leaf 
litter biomass, leaf litter humidity, soil temperature, and soil moisture as potential factors 
determining arthropod community structure.  Arthropods are a major food source for amphibians 
and could be a driving factor in the observed spatial aggregation of blue-spotted salamanders 
within red maple patches by Moore et al.  Based on these previous surveys, we hypothesized that 
red maple habitats would yield higher species richness and biomass, in accordance with the 
observed higher salamander biomass.  Conversely, we expect lower arthropod biomass and 
species richness in black cherry patches. 
 

METHODS 
We roughly divided four 1-hectare plots in the Big Woods into three sampling blocks, 

inside of which we chose three representative patches of black cherry, witch-hazel and red maple 
to sample from.  In each patch, a random location for a central quadrat was chosen, and two 
more quadrats were placed radiating outwards at a distance of at least 10 m from the other two 
quadrats.  Quadrats were .25 m2 in area.  Leaf litter and loose humus was collected from within 
the quadrat and stored in brown paper bags marked with the sample location.  Identification tags 
that had been placed on every tree over 10 cm in girth at breast height by Allen (unpublished 
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study) were used to record the nearest tree to the quadrat, as a proxy for quadrat location (Figure 
1). 

 
Figure 1. Black cherry, witch-hazel, and red maple locations and quadrat locations. 
 

We separated the humus and most arthropods out from the leaf litter by shaking the 
collected material through a coarse (approximately 1 cm) filter.  We examined both the separated 
leaf litter and humus for any arthropods or other fauna, and preserved any specimens in 
ethanol.  Due to time constraints, we limited our search time for each individual patch’s leaf litter 
to ten minutes.   Specimens were identified and categorized by morphospecies, and then dried in 
a drying oven and weighed.  Leaf litter was returned to the brown paper bag, without humus or 
large sticks, and weighed using a hanging scale.  The leaf litter was then placed into the drying 
oven to dry. 

Species richness and associated estimates were calculated using the EstimateS program, 
available at http://viceroy.eeb.uconn.edu/estimates.  Bray-Curtis measures of species overlap was 
also calculated using EstimateS.  Other statistical analysis was conducted using Excel. 
 

RESULTS 
We found a total of 343 individual macroinvertebrates, which we categorized into 97 

morphospecies, representing 4 phyla: Annelida, Nematoda, Mollusca, and Arthropoda.  A 
general breakdown of macroinvertebrates are shown in Table 1. 
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Table 1.  Identified morphospecies of leaf litter arthropods. 
 # 

Morphospecies  
# 
Individuals  

Annelida  2  60  
Nematoda  1  1  
Gastropoda  2  2  
Diplopoda  3  9  
Chilopoda  2  4  
Collembola  2  51  
Acari  1  2  
Opiliones  2  6  
Araneae  22  74  
Isopoda  1  1  
Coleoptera  20  59  
Psocoptera  1  2  
Diptera  10  20  
Lepidoptera  8  13  
Orthoptera  1  1  
Hemiptera  8  13  
Ixodida  1  1  
Apocrita (wasps)  5  7  
Formicidae  4  16  
Membracidae  1  1  
 

Temperature, wet leaf litter mass, and invertebrate biomass were all compared against the 
fixed factor of tree species and the random factor of block number using two-way 
ANOVAs.  The data for both temperature and wet leaf litter mass was distributed fairly 
normally.  However, the data for invertebrate biomass needed to be log transformed in order to 
meet the assumptions of normality.  The results of the ANOVAs show that temperature did not 
differ among tree species (p=0.30), but varied significantly among blocks (p=0.016); however, 
there was no interaction between the two independent variables (p=0.13).  Among blocks, 
temperature readings from block I (taken earlier in the day) were the lowest, while temperature 
readings from block II (taken later in the day) were the highest.  Wet leaf litter mass did not 
differ among tree species (p=0.16), nor among blocks (p=0.36), nor was there any interaction 
(p=0.57).  Invertebrate biomass differed significantly among tree species (p=0.002), but did not 
differ among blocks (p=0.67), nor was there any interaction (p=0.96).  Among tree species, 
witch-hazel was associated with the highest invertebrate biomass, while black cherry was 
associated with the lowest invertebrate biomass. 
 
Table 2. Average results of patch macroinvertebrate biomass, species richness, leaf litter biomass, and soil 
temperature, and statistical significance. 
 Red maple Witch-hazel Black cherry  
Total macroinvertebrate species 43 58 42  
Total macroinvertebrate 
individuals 

100 165 78  

Macroinvertebrate biomass 0.0482 g 0.1218 g 0.0193 g p = 0.058 
Leaf litter biomass (wet) 321 g 288 g 209 g p = 0.16 
Soil temperature 46 F 46 F 48 F p = 0.304 

p = 0.016* 
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* P value between site blocks rather than species patches. 
 

Invertebrate species diversity associated with each tree species patch was estimated using 
the program EstimateS.  The results of the analysis show that none of the tree species differ 
significantly in their estimated species richness.  However, the estimators used, ACE and Chao, 
both are concurrent in suggesting the same trend: that red maple leaf litter may have the highest 
species richness, while black cherry may have the lowest. 

 
Figure 2. Species accumulation curve of observed macroinvertebrate richness 
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Figure 3. Species richness based on ACE species richness estimator 
 

 
Figure 4. Estimated species richness based on Chao estimator 
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 EstimateS was also used to calculate the Bray-Curtis index between patches for 
arthropods, which is a measure of shared species (Table 2). 
 
Table 3. Species overlap and Bray-Curtis index between species patches.  Bray-Curtis numbers closer to one 
indicate more dissimilar species composition. 
Patch comparison Shared species Bray-Curtis 
Red maple to witch-hazel 18 0.543 
Red maple to black cherry 18 0.427 
Witch-hazel to black cherry 21 0.387 
 

 
DISCUSSION 

Two different species richness estimators, ACE and Chao, predicted higher species 
richness in red maple patches than either witch-hazel or black cherry patches.  This is 
particularly interesting, because average observed arthropod biomass and species richness were 
higher for witch-hazel.  This could be due to the greater biomass of leaf litter in red maple 
patches which, although not significantly greater, noticeably hindered us in searching and 
capturing arthropods.  Given our 10-minute time constraint and the greater effort we had to 
expend searching red maple leaf litter, red maple leaf litter may be underrepresented in our 
results. 

The significant difference in soil temperature between patches may be simply due to rise 
in air temperature as the day wore on.  No significant difference was found between species, 
suggesting that temperature does not play a role in the interactions we observed. 

Previous studies in the Big Woods of ESGR have observed Plethedon cinerus’ preference 
for red maple patches and avoidance of black cherry patches (Moore et al., in review). Since 
arthropods are a major food source for amphibians, differences in arthropod biomass or richness 
may account for the spatial aggregation of salamanders within red maple patches. Further studies 
would be needed to confirm the positive relationship between arthropods and red maple, and to 
investigate the distribution of salamanders with co-occurrence with greater macroinvertebrate 
biomass or richness.  

Bray-Curtis analysis indicates more shared species of macroinvertebrates between black 
cherry and the other two species than between red maple and witch-hazel.  This may be an effect 
of lower species richness in black cherry patches.  Black cherry patches may host mainly more-
tolerant macroinvertebrate species that can be found throughout all patches, while red maple and 
witch-hazel patches may contain more specialized or rare species. 

In addition to the trend of greater species richness of macroinvertebrates and salamanders 
in red maple patches, both the salamander study and this study found avoidance of black cherry 
patches by the study organisms.  This may be due to the black cherry’s ability to produce cyanide 
within its leaves, and the residue of this reaction in the leaf litter.  Further evaluation of the leaf 
litter would be needed to confirm this effect. 

While our null hypothesis was rejected, from casual observation, we noticed that red 
maple habitat and witch hazel patches held higher species richness and biomass, whereas black 
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cherry patches had lower arthropod biomass and species richness.  Since salamanders are found 
more in red maple patches, they may be attracted to these areas because of higher arthropod 
biomass and diversity provides a better-quality environment.  Alternatively, salamanders and 
arthropods may be avoiding black cherry patches because of the residual toxicity of its leaf litter.  
Whether the distribution of salamanders and arthropods is due to either or both of these effects 
would need further investigation.  In either case, these trends suggest that the endogenously-
formed patches of red maple, witch-hazel, and black cherry trees have given rise to exogenous 
patterns of salamander and arthropod distribution, although larger sample sizes would be needed 
for statistically-significant results.  
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IS SALAMANDER DISTRIBUTION IN THE BIG WOODS RELATED TO SOIL AND LEAF 
LITTER CONDITIONS? 

 
MARCELLA BAIZ, ALEXANDRIA MOORE, AND BEATRIZ OTERO 

 
ABSTRACT 

 
Previously, a study in the Big Woods has demonstrated that blue spotted and red-
back salamanders seem to prefer habitats in red maple tree patches to those in 
witch hazel and black cherry tree patches, while blue spotted salamanders actually 
seem to avoid black cherry tree patches. Preferences for soil moisture and pH 
have been documented for several salamander species, suggesting that soil and 
leaf litter conditions might influence adult salamander distributions. In this study, 
we sought to provide a mechanism behind the previously described salamander 
habitat preference and avoidance in the Big Woods. To do this, we measured soil 
and leaf litter moisture, soil pH, leaf litter biomass, and leaf litter depth and 
compared these variables between patches of with hazel, red maple, and black 
cherry trees. We found no significant differences in leaf litter conditions between 
patches, suggesting that leaf litter quantity and moisture do not play a role in 
salamander habitat preference. Soil pH was found to be within the range of that 
preferred by red-back salamanders, while soil moisture differed between patches, 
but not consistently. Therefore, it is unlikely that soil pH and moisture are driving 
salamander preference for habitat in red maple patches in the Big Woods. 

 
INTRODUCTION 

 
 A previous study found that salamander distribution in the Big Woods at the E. S. George 
reserve is related to the distribution of tree species there (Moore et al. 2011). In this study, 
investigators observed that red-back salamanders (Plethadon cinerus) and blue spotted 
salamanders (Ambystoma laterale) occur closer than random to red maple trees (Acer rubrum) 
and that blue spotted salamanders occur further than random from black cherry trees (Prunus 
serotina), while both species occur randomly with respect to with hazel trees (Hamamelis 
virginiana). Investigators concluded that salamanders seem to prefer habitats in red maple 
patches and tend to avoid habitats in black cherry patches. The mechanism behind these 
preference and avoidance tendencies, however, is unknown. 
 As amphibians, adult salamanders in terrestrial habitats are limited by moisture 
requirements. Previous studies have documented preferred soil moisture ranges for Ambystoma 
and Plethadon species, including red-back salamanders (Marangio and Anderson 1977; Sugalski 
and Claussen 1997). Further evidence for moisture limitations on land comes from studies on 
adult salamander dispersal that demonstrate that dispersal only occurs during periods of 
detectable precipitation (Trenham 2001; Williams 1973). 
 Previous studies also indicate that levels of soil acidity influence salamander 
distributions. Wyman (1988) found that red-back and spotted (A. maculatum) salamanders did 
not occur in soils with a pH of less than 4.2 in New York. Other studies have documented 
specific soil pH ranges that are preferable to adults of various salamander species. Sugalski and 

140



Claussen (1997), for example, demonstrated that red-back salamanders prefer slight basic soils, 
with a pH of 7-7.5. 
 The goal of this study was to further investigate red-back and blue spotted salamander 
distributions in the Big Woods at the E.S. George reserve by attempting to explain why both 
species seem to prefer habitats in red maple patches and seem to avoid habitats in black cherry 
patches. To do this, we measured soil and leaf litter moisture, soil pH, leaf litter biomass, and 
leaf litter depth in witch hazel, red maple, and black cherry patches. Uncovering any stark 
differences in these variables between patches might provide a mechanism for salamander 
habitat preference and avoidance in the Big Woods.   
	  

MATERIALS AND METHODS 
Study Site 
 

Our study was conducted in the E.S. George Reserve, located in Livingston County, 
Michigan on October 9, 2011. The reserve consists of 525 ha of moraine and basin topography. 
Terrestrial vegetation is dominated by grassland and woodland forest. Our plots were located in 
the Big Woods. All trees with a diameter >10 cm have been previously tagged and 
geographically located. This area is a transitional forest, with an overstory dominated by oak and 
hickory trees and an understory dominated by witch hazel, black cherry and red maple trees. 
 
Figure 1. Map of the Big Woods study site. Blue Circles indicate the location of our plots, each containing a 
sampled 4m x 4m patch (indicated by black dots) of black cherry (gray), red maple (red) and witch hazel trees 
(green). 

 
 

 
Sampling method 
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We identified 3 plots within the Big Woods each consisting of patches of each study 

species: (1) black cherry, (2) red maple and (3) witch hazel (Fig. 1). In each patch, we measured 
soil pH, soil moisture, leaf litter depth, leaf litter biomass and leaf litter moisture. Soil pH and 
moisture were measured every 1 m (n = 16) along a 4 m x 4 m quadrant in each patch (n = 9). 
Leaf litter depth, biomass and moisture were measured in three randomly chosen 25 cm x 25 cm 
areas within each 4 m x 4 m quadrant. Leaf litter depth was obtained by measuring the distance 
from the soil to the highest layer of leaf litter. We then collected all leaf litter in each 25 cm x 25 
cm quadrant, measured the wet weight and dry weight (after drying at 650C for 1.5hr) and using 
these results, calculated leaf litter biomass (leaf litter dry mass) and percent moisture (((wet 
weight – dry weight)/dry weight) *100) for each sample.  

 
Statistical analyses 
 

We analyzed our data for soil pH, soil moisture, leaf litter depth, biomass and percent leaf 
litter moisture by conducting a 2 way ANOVA. All statistical analyzes were preformed in SPSS 
version 19 (SPSS Inc., Chicago IL).  

 
RESULTS 

 
We found a significant positive correlation between soil and leaf litter moisture (p < 0.01; 

Fig. 2). Soil pH is different between species, sites, and in their interaction (p < 0.01; Fig. 3). 
Black cherry patches had the highest average soil pH (7.02), followed by witch hazel (7.00) and 
red maple had the lowest average soil pH (6.97). Differences in soil moisture between species, 
sites, and their interaction were also observed (p < 0.01; Fig. 4). Black cherry patches had the 
highest average percent soil moisture (63.7%), on the other hand witch hazel had the lowest 
percent moisture (53.8%). 

 
Figure 2. Relationship between average soil and leaf litter moisture for all plots and species. Error bars are standard 
error. 
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Figure 3. Average patch soil pH measurements by species and plot. Error bars are standard error. 
 

 
 
Figure 4. Average patch percent soil moisture by species and plot. Error bars are standard error. 
 

 
Leaf litter depth (Fig. 5a), leaf litter biomass (Fig. 5b) and leaf litter moisture (Fig. 5c) 

were not significantly different between species, sites, or in their interaction (p > 0.05).  
However, black cherry patches had the lowest leaf litter depth, biomass and moisture of all three 
species. 
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Figure 5. Average (a) leaf litter depth, (b) leaf litter biomass and (c) leaf litter moisture for each species. Error bars 
are standard error. 
  
   

 
 
 

 
 
 

 
 

DISCUSSION 
 
 
Leaf litter 
 

 We didn’t find a difference in leaf litter quantity nor moisture between species or 
location, which suggests that salamander habitat preference is not strongly influenced by these 
factors in the Big Woods. Renaldo et al. (2011) demonstrated that eastern red-backed 
salamanders, when given the choice, prefer deciduous leaves to coniferous pine needles. Since 
the areas within the Big Woods where salamanders are most frequently found consist primarily 
of deciduous trees, it is conceivable that salamander habitat preference is not influenced by leaf 
litter type there.  
 
Soil pH and moisture  
 

 Our results suggest that there are differences in soil pH and moisture content between 
patches of each of the tree species that we analyzed as well as between each of the plots that 
were sampled. However, these differences were not consistent between species and location. 
Mean pH across all species ranged between 6.97 and 7.02, while the mean range of soil moisture 
was between 53.8% and 63.7%. Work done previously on salamander distribution indicates that 
salamanders prefer habitats with soil pH ranging between 7-7.5 (Sugalski and Claussen 1997). 
All soil samples within the Big Woods plot fell within this range, suggesting that salamander 
habitat preferences are not influenced by soil acidity there. Further, Marangio and Anderson 
(1977) demonstrated that non-breeding salamanders prefer habitats with a mean soil moisture of 
74%, which suggests that in the Big Woods, salamanders should favor black cherry patches since 
they have the highest soil moisture (63.7%). Blue-spotted and red-backed salamanders breed 
during the spring and summer, respectively, thus their current habitat distribution should not be 
random with respect to soil moisture. However, in the Big Woods, salamanders seem to avoid 
black cherry patches, which suggests that soil moisture is not the most important determinant of 
salamander distributions there. Our data do not support salamander preference for habitat in 

B	   C	  
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patches of any tree species with regard to soil moisture, as the trends were not consistent, but 
previous studies have shown that soil moisture within the Big Woods does fall within the 
preferred ranges of the salamanders (Injaian et al. 2011). 
 
What drives salamander preference for red maple habitat in the Big Woods? 
 

In this study, we did not find any consistent differences between tree species that would 
explain the preference for red maple and avoidance of black cherry that the salamanders within 
the Big Woods have previously exhibited (Moore et al. 2011). This suggests that their selection 
for habitat may yet be influenced by other environmental factors, such as leaf litter chemistry or 
light availability. Future studies should focus on the remaining factors in order to understand the 
possible determinants of salamander habitat preference and distribution.  
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SNAIL DIVERSITY AND ABUNDANCE IN PINE VERSUS OAK-HICKORY-RED MAPLE 
FORESTS 

 
MARIE BEAUDOIN, ALEXANDER TAYLOR, ALLISON INJAIAN, ERIN BURKETT, 

MARCELLA BAIZ 
 
 

ABSTRACT 
 

The diversity and abundance of snails depends on soil moisture, pH, and calcium 
availability. This study sought to measure the diversity of species and abundance 
of snails in a mixed forest and a pine forest. We surveyed fallen logs in both 
forests and collected snails found under the bark of the logs. Soil moisture and pH 
readings were also recorded at the site. The Shannon Index was calculated to 
compare the species richness between habitats. The findings of this study support 
our hypothesis that snail biodiversity and abundance are higher in a 
heterogeneous forest composed of oaks (Quercus sp), hickories (Carya sp), and 
red maples (Acer rubrum) than for a homogenous forest composed of red pines 
(Pinus rubra).  

 
 

INTRODUCTION 
 

Molluscs of the E.S. George Reserve (ESGR) include aquatic bivalves and terrestrial gastropods. 
Terrestrial gastropods encompass both snails and slugs; slugs lack a calcium carbonate shell. 
Gastropods decompose woody debris and consume fungus, contributing to nutrient cycling 
(Bouchet et al. 2005). Snails also act as a food source for salamanders, birds and some mammals. 
Snails may also function as biological sentinels for metal contamination and pollution because 
they can accumulate copper, cadmium, lead, and zinc (Burkhard 1993).  
 
Factors that can influence the abundance and distribution of snails include soil moisture, pH, and 
calcium availability. Terrestrial gastropods abundance and diversity increase in lime-rich habitats 
such as carbonate bedrock outcrops, fem, chalk grasslands, rich upland and lowland forests 
(Nekola 2009).  One global trend identified in land-snail ecology by Valovirta (1968) presents 
the strong positive correlation between individual abundance, species richness, and the pH of the 
organic litter in which land-snail communities reside. Snails have a high calcium demand; 
calcium carbonate is needed for both shell generation and egg production (Nekola 2009). Thus, it 
is rare to find a diverse array of land snails in highly acidic habitats such as sphagnum bogs, 
heathlands, and pine forests. Previous studies in the ESGR have observed higher species richness 
and abundance of land snails in oak-hickory forests than pine forests (Li et al. 2010). However, 
they did not observe any significant difference in pH values between the two forests. 
 
The purpose of this study was to further expound on the idea of snail abundance and diversity 
between a heterogeneous forest composed of red maples, oaks, and hickories to a homogenous 
site consisting of mostly red pines. We hypothesized that a greater abundance and number of 
species would be found in the mixed forest versus the pine forest. We postulated this was due to 
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mixed forests having a more neutral pH, higher soil moisture, woody debris and fungus, and 
more calcium carbonate. We also predicted that for pine forests, there will be fewer snails and 
less species because of the acidity of the soil in pine forests.  

 
METHODS 

 
We sampled terrestrial snails in two distinct habitats at the E.S. George Reserve in Pinckney, Mi 
on October 8, 2011 (Figure 1). We conducted one 1.5hr survey in each habitat: a deciduous 
mixed forest and a red pine forest (Pinus rubra). In the mixed deciduous forest, oak (Quercus 
sp), hickory (Carya glabra), and red maple (Acer rubrum) are the dominant tree species. During 
survey periods, six researchers collected all snails found under bark on downed logs. After 
surveys were conducted, we measured soil moisture and pH near sampled logs in each habitat. 
We then identified collected morphospecies and counted individuals. We calculated the Shannon 
Index (H’) to compare snail species richness between habitats. For the species found in both the 
mixed forest and pine forest, we measured shell length from the terminus of the aperture to the 
farthest whirl on the other side to compare snail size between habitats by doing a t-test. 
 
Figure 1. Map of the E.S. George Reserve showing snail sampling locations. The yellow star indicates the deciduous 

mixed forest site and the red star indicates the pine forest sampling site. 
 

 
RESULTS 
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We found a total of 151 individual snails in two sites within the E.S. George Reserve. Four 
morphospecies were found within the mixed forest site and one species was found within the 
pine forest (Figure 2). Zonitoides arboreus was the only species found within both study sites. 
 

Figure 2: Total number of snail morphospecies found by site. 

 
Among the species that were found, the proportion of live to dead individuals varied (Figure 3). 
Anguispira alternata exhibited the highest proportion of live to dead individuals within the 
mixed forest, and Zonitoides arboreus exhibited the highest number of dead individuals within 
both sites.  
 

Figure 3: Total number of individuals found by species. Bar on far right represents pine forest only. 

 
Soil samples reflected a significant different in moisture and pH levels between the two sites 
(Figures 4 & 5). A t-test comparing mean soil pH by site yielded p-value of 0.02, and similarly 
for soil moisture a p-value of 0.04. 
 

Figure 4: Mean soil pH by site (p=0.02). Bars represent standard error within each site. 
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Figure 5: Mean soil moisture by site (p=0.04). Bars represent standard error within each site. 

 
To measure species richness and evenness, we calculated the Shannon-Weiner (S-W) index 
within each site. Because there was only one species present in the pine forest the S-W index is 
equal to 0.0. Within the mixed forest, however, the S-W index was equal to 1.03.  
 
The average lengths of the Zonitoides arboreus shells were measured. For the mixed forest, it 
was 2.7775 mm and 2.365 for the Pine Forest. A Welch’s T-test computed a p-value of 0.9643, 
which is less than significant.  
 

DISCUSSION 
 

The differences in mixed forest and pine forest habitats create a gradient in gastropod 
populations, highlighted by differences in species richness (Figs. 2 and 3).  This result is 
supported by the findings of Archer (1939), which stated that the plant community associated 
with the plant-animal interactions is a key factor in the distribution of land molluskson the 
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ESGR.  Higher species richness found in the mixed forest is most likely due, in part, to increased 
food availability.  Land snails are herbivores and fungivores; therefore increased plant matter 
present in mixed creates a more preferred habitat (Karlin 1956).  This increased vegetation also 
effects land snail distributions through its positive effect of soil chemistry and leaf litter quality 
(Burch and Pearce 1990).   
 
Z. arboreus had the highest density of all 4 species found and was the only species present in 
both habitats, suggesting that it could be a habitat generalist (Fig. 2). This result is supported by 
Li et al. (2010) and Martin (2000), who found Z. arboreus to be the most commonly collected 
snail in the ESGR and the northwest portion of central Maine, respectively. Martin (2000) also 
found no difference between population densities of Z. arboreus in mixed and coniferous forests.  
The distribution of Z. arboreus throughout various habitats on the ESGR could have been the 
product of slow-moving locomotion, rafting during stochastic floods, or attaching to the feathers 
of migratory birds (Dundee et al. 1967). Although, Z. arboreus is able to survive in multiple 
habitats, it had the lowest live to dead proportion of all species found; suggesting that Z. 
arboreus faces a trade-off between ability to occupy a wide niche breadth and survival rate (Fig. 
3). A more in-depth study on this possible trade off should be conducted in the future to rule out 
possible confounding factors, such as lower consumption rate of decaying shells for Z. arboreus 
than other species.  
 
Results showed that the mixed forest had a pH which was closer to neutral than the pine forest, 
which had a more acidic pH (Fig. 4). Acidity decreases the ability for organisms to uptake 
nutrients due to dissociation; therefore gastropods in the pine forest may have more difficulty 
acquiring calcium carbonate, which is necessary for making shells, from the soil (Martin 2000).  
The presence of Z. arboreus in the pine forests suggests an evolutionary adaptation to deal with 
the harsh conditions. However, the trend for shell size of Z. arboreus to be larger in the mixed 
forest than the pine suggests lower quality pine habitat.   Other studies have observed Z. 
arboreus living in forests with a low pH rage from 5.5 to 6.2; therefore future studies should 
look for a significant correlation between shell size and pH (Karlin 1956).   
 
Although vegetation availability and pH are key factors in gastropod distributions, soil moisture 
has the greatest effect of snail abundance and distribution in temperate forests (Martin and 
Sommer 2004).  Desiccation is constant threat to soft-bodied mollusks, therefore moist 
environments, such as the mixed forest, are a more preferred habitat (Fig. 5)(Shimek 1930). This 
difference in soil moisture is a proposed explanation for the variance in species richness between 
the two forest types.  
 
Overall, the study showed that soil moisture and pH are limiting factors in gastropod distribution 
in southeastern Michigan.  Also, Z. arboreusis suggested being the most widely distributed 
species of land snail on the ESGR. However, a study that looks at a larger array of microhabitats 
within the reserve is necessary in order to make further conclusions. 
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DETECTION DISTANCE AND BODY MASS INFLUENCE AN ANTI-PREDATOR 
BEHAVIOR AT THE ES GEORGE RESERVE 

 
MARCELLA BAIZ, ANNA ARIAS, MARIE BEAUDOIN, MARIANA VALENCIA, RYAN 

HOM, AND JOHANNES FOUFOPOLOUS 
 

ABSTRACT 
 

Anti-predator behaviors are costly and should be optimized. Flight initiation 
distance (FID) is the distance at which an animal flees from an approaching 
potential predator. FID has been shown to be influenced by flock size in lizards 
and body size in lizards and birds. We approached several bird and mammal 
species at the E.S. George reserve to determine if any of the following factors 
influence FID: the presence of obstacles in the path of approach, habitat, mode of 
escape, body size, detection distance, and whether or not the animal was in a tree. 
We found body mass and detection distance to increase with FID and no support 
for the influence of the presence of obstacles, habitat (forest vs. edge), mode of 
escape (mammal vs. bird), or whether or not the animal was in a tree on FID. The 
positive correlation between body mass and FID supports conclusions from 
previous studies on lizards, while the positive correlation between detection 
distance supports conclusions from previous studies on lizards and birds and 
implies that animals must incur the cost of being vigilant at all times. It may be 
that comparisons in FID between animals in edge and forest habitats are not 
extreme enough to see any real differences since proximity to refuge is likely the 
same. 

  
INTRODUCTION 

 
Flight initiation distance (FID) measures the distance at which an animal moves away 

from an approaching potential predator. Studies in behavioral ecology propose that FID serves as 
an anti-predatory behavior that should be optimized (Cooper and Frederick 2007). Animals 
should minimize the cost of escape by not fleeing until the cost of staying exceeds the cost of 
escaping (Blumstein 2003). Escape behavior occurs based on current risk assessment. Escape 
speed and vigilance behavior are inversely related. As animals become more vigilant in 
surveying for predators, they will need to invest fewer resources in developing a fast escape 
speed (Foufopolous personal communication 10/11/2011). Animals will also escape faster if the 
perceived risk from an approaching potential predator is imminent. Bonenfont and Kramer 
(1996), for example, observed that woodchucks with greater FIDs flee faster on average when 
they are far from refugia. An animal’s flight initiation distance might be influenced by its flock 
size (Cooper 2009), distance to refuge, the presence of obstacles in the path of flight, and body 
its size (Gotanda et al. 2009). Some of these factors are species-specific characteristics 
(Blumstein 2003). Lind and Cresswell (2005) discuss the limitations of correlating a single anti-
predation behavior with an apparent fitness consequence and suggest that future empirical 
studies should involve many behaviors and characteristics to understand the range of potential 
compensation to predation risk. Anti-predation behaviors are complex and composed of many 
behaviors an animal can adjust to survive.  
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The purpose of this study was to determine which factors influence predator approach 
thresholds of bird and mammals species common at the ES George reserve. We approached 
several birds and mammals and asked if the presence of obstacles in the path of approach, 
habitat, mode of escape, body size, detection distance, or whether or not the animal was in a tree 
influenced their flight initiation distances. Specifically, we predicted that the presence of 
obstacles (including whether or not the animal was in a tree) would decrease FIDs, while an 
increase in body size and detection distance would increase FIDs. Also, we expected to see a 
difference in FID between individuals encountered at an edge habitat versus a forested habitat 
since there are likely to be differences in proximity to cover in the two types of habitat. We also 
expected to see a difference in FID between individuals based on their size, which could be an 
indicator of escape ability since smaller individuals are likely to be more agile and might allow 
predators to get closer before fleeing.  
 

METHODS 
 

               This experiment took place across a wide area of the Edwin S. George Reserve in 
Pickney, Michigan. Teams of two researchers walked slowly through the forested and edge 
habitats for three hours. Whenever an animal was detected, a researcher would slowly approach 
the animal until it fled. Then, the following data was recorded: FID, distance from the animal 
that researcher first detected it, species of animal, presence of obstacles (bushes, logs, etc.) 
between the researcher and the animal, animal’s location, and distance animal fled (escape 
distance). Because of the relatively large number of species recorded and the small number of 
observations per species, species data were grouped by phylogenetic class into two categories: 
mammal and bird.  Furthermore, because of the difficulty in obtaining an accurate measurement, 
the distance the animal fled was also grouped into two categories: less than 10m and greater than 
10m. Body mass was inferred from known average values for each species. 

In regards to the distance a researcher first detected an animal, this measurement is 
meant to serve as a proxy for the distance an animal first detects a researcher (detection 
distance), which cannot be observed directly. Animals detected the researchers more quickly and 
likely have a larger detection distance than the researchers reported detection distance of the 
animal. However, the two are expected to covary (Foufopolous, personal correspondence, 
September 25, 2011), making the use of such a measurement appropriate. 

We observed a total of 30 animals (16 mammals, 14 birds), including the following 
species: eastern chipmunk (Tamias striatus), eastern fox squirrel (Sciurus niger) and grey 
squirrel (Sciurus carolinensis), cedar waxing (Bombycilla cedrorum), black capped chickadee 
(Poecile atricapilla), canada goose (Branta canadensis), mourning dove (Zenaida macroura), 
american robin (Turdus migratorius), sparrows (unidentified species), and turkey vultures 
(Cathartes aura). Both species of squirrel were grouped in all analyses. 

Data for all quantitative variables appeared to deviate from normality.  Because of this, 
nonparametric tests were used for all analyses.  Spearman’s coefficient (rho) was used to 
correlate FID with body size and distance the researcher first detected the animal, and Mann-
Whitney U tests were used for all other comparisons. 
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RESULTS 
 

There was a significant positive correlation between FID and detection distance (figure 
1; rho = 0.728, p = 0.001). There was also a significant positive correlation between FID and 
mass (figure 2; rho = 0.403, p = 0.27). 
 
Figure 1. FID increased with detection distance. The line represents the line of best fit. 

 
Figure 2. FID increased with body mass. The line represents the line of best fit. 
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 Mammal and bird FIDs were not significantly different from each other (U =148.5 , p = 
0.427). The presence or absence of obstacles did not seem to affect FID (U =93, p = 0.173). FID 
did not differ between animals that were in a tree and those that were on the ground at the time of 
approach (U =97, p = 0.900). FIDs for animals in the forest did not differ significantly from 
those in edge habitats (U =118.5 , p = 0.924 ). Finally FID did not differ between animals that 
fled greater than 10m and those that fled less than 10m (U =123.5 , p = 0.925).             
                

DISCUSSION 
 
 The positive correlation between FID and detection distance supports earlier findings 
from anti-predator behavior studies on lizards, mammals, and birds. Last year, Liu et al. (2010) 
found the same relationship in an almost identical study of mammal and bird anti-predator 
responses at the E.S. George Reserve. Cooper (2005) found that, when approached rapidly, 
Sceloporus virgatus and Urosaurus ornatus FIDs increases with predator starting distance. 
However, when approached slowly, FID did not correlate with starting distance in both lizard 
species and Cooper suggests that this might be a result of their foraging behavior since they are 
ambush predators and remain very close to refuge. Blumstein (2003) found that FID also 
increased with starting distance in 64 out of 68 Australian bird species analyzed and suggests 
that this finding is consistent with the idea that animals incur the costs of constant vigilance at all 
times. 
 Previous studies have also found FID to increase with body size. Gotanda et al. (2009) 
found that FID increased with individual body length in four species of parrotfish in Barbados. 
The authors suggest that this trend is due to an increase in reproductive value associated with 
increased body size, meaning that individuals of greater reproductive value should take fewer 
risks as predicted by life history theory. Our study, however, included diverse taxa and since we 
used species averages for body mass values, we were unable to examine the effect of body mass 
on FID within a single species. In future studies, investigators should collect individual body 
mass data in the field to further support this result.  
 Mode of escape, the presence of obstacles, whether or not the animal was in a tree, and 
escape distance did not seem to influence FID. Liu et al. (2010) however, found FID to increase 
with distance to refuge. It may be that we were not able to detect this relationship since we 
measured actual escape distance and not distance to nearest refuge. Distance to nearest refuge is 
often important and should be considered and we did not include this in our study. Foraging 
strategies give information about how close an animal is to refuge. For example, Cooper (2005) 
only found a relationship between detection distance and FID when predator approach speed was 
fast in that lizards that are ambush predators that wait in cover for prey to pass. It might be that 
approach speed does not matter as much for animals that are foraging far from refuge. We did 
not find a difference in FID for animals in forested versus edge habitats and it may be because 
these edges are really small gaps in the forest that have been cleared to make a roadway. Future 
studies should compare FIDs for animals foraging in the forest with those foraging in the open, 
far from refuge.  
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OF MICE AND ELAEAGNUS: THE EFFECTS OF HABITAT HETEROGENEITY ON 
POPULATION DENSITY AND AGE CLASS COMPOSITION IN THE WHITE-FOOTED 

MOUSE, PEROMYSCUS LEUCOPUS 
 

ANAT BELASEN, MARCELLA BAIZ, PAUL GLAUM,  
ALLISON INJAIAN, AND MARIO RIOLO 

 
ABSTRACT 

 
 As part of a thirteen year study at the E.S. George Reserve (Pinckney, 
MI), small mammal communities were sampled in three habitats varying in 
heterogeneity. Sampling methods favored the capture of the white-footed mouse, 
Peromyscus leucopus, and therefore analyses focused on this species.  We found 
larger, older mice in the most heterogeneous of our habitats, indicating that this 
habitat may be richer in resources, and that mice may experience less pressure 
from predators and/or competitors in this habitat. This may have implications for 
future management practices of both small mammals and the invasive plant 
species which may be altering community structure in woodland habitats.  

 
 

INTRODUCTION 
 
 Human activities continue to fragment and alter natural landscapes in North America, and 
it is therefore important that we understand how natural communities respond to these changes. 
Not only is it vital to understand impacts on large-ranging animals, such as the charismatic gray 
wolf, but it is also important to examine effects on smaller, more wide-ranging animals. These 
species serve as important prey items to top predators, as well as regulators of ecosystem 
dynamics through roles as dispersers and seed predators (Manson and Stiles 1998).  
 Long-term studies of small mammals are incredibly valuable, as these communities may 
shift rapidly in response to anthropogenic effects such as global climate change (Myers et al. 
2009). Because some small mammals are short-lived and have high mortality rates (P. Myers, 
personal communication), population turnover can be seen over short time scales. Once a 
population’s natural cycles are established through long-term study, aberrations from the norm 
can more easily be documented for these species than other longer-lived species. Factors 
contributing to large changes in community structure may then be teased apart using known 
information about the relationships between trophic levels. 
 Negative impacts on mid-trophic level species (primary and secondary consumers) may 
have important repercussions in the form of top-down and bottom-up trophic cascades, and thus 
it is important to keep common species common rather than focusing conservation efforts solely 
on the rarest species. However, in some cases, overabundance of generalist mammal species may 
cause rarer species, such as specialist competitors, to become even rarer (Garrott, White, and 
White 1993). Long-term study may help to assess population changes in species that are locally 
rare, common, or overabundant, and thus may help in advising best management practices.  
 As part of a thirteen year study at the E.S. George Reserve (ESGR, Pinckney, MI), small 
mammal communities were sampled in three habitats varying in heterogeneity. Mammal species 
richness has been shown to be directly related to local variation in topography and heterogeneity 
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of resources (Kerr and Packer 1997), so one site each of low, medium, and high habitat 
heterogeneity was chosen to compare across a gradient.  The ESGR is host to a variety of 
invasive plant species, notably autumn olive (Eleagnus umbellata) and Japanese barberry 
(Berberis thunbergii). These plants have rendered some once open landscapes into hardly 
traversable forests with exceedingly dense understory woody litter (personal observation), which 
undoubtedly has effects on local woodland mammal communities.   
 
 

MATERIALS AND METHODS 
 
 We baited 135 Sherman live small mammal traps with oat seed from 4:30pm to 5:30pm 
on October 1, 2011 and set them along three transects in the ESGR (Figure 1). Two transects 
were in mixed-deciduous forested areas, one characterized by a heavy invasion of autumn olive 
and Japanese barberry (50 traps set) and the other as relatively open forest with few small 
autumn olive bushes (45 traps set). The third transect was in an old field characterized by 
bluestem, goldenrod, spotted knapweed, blazing star, and other herbaceous growth generally less 
than 1m tall (40 traps set).  Along each transect, we placed traps in areas where small mammals 
were likely to be found and forage.  In the forests, we placed traps approximately 15m apart next 
to fallen logs, at the base of trees, or under vegetation. In the old field, we placed traps 
approximately 10m apart along natural pathways when possible or under vegetation.  

 
Figure 1. Locations of the sampling sites within the E.S. George Reserve:  

A. “Elaeagnus” forest, B. Open forest, and C. old field 

 
 
  
 We collected and sampled mammals from the baited traps at 7:30am on October 2, 2011. 
For each mammal captured, we recorded: habitat collected from, species name, sex, mass, age 
class (juvenile, sub-adult, or adult), and reproductive condition. We examined the pelage 
coloration of P. leucopus individuals to aid in age determination since juveniles have mostly 

A 

B 

C 
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gray dorsal fur, while adults have mostly brown dorsal fur, while sub-adults tend to have mixed 
dorsal fur coloration. In the other species found, size and fur type were used as diagnostics for 
age class determination. We determined reproductive condition for females by noting whether 
nipples were enlarged or not and for males by noting scrotal or abdominal testes. After sampling, 
we returned all mammals to their respective transect of origin. 
 One caveat of the sampling method used is that it favors capture of the white-footed 
mouse, Peromyscus leucopus (Myton 1974). Due to the large number of P. leucopus caught, and 
relative paucity of other species, we focused analyses on this species. To compare differences in 
adult mouse mass between habitats, resampling 100,000 times with replacement was conducted 
and differences in the resampled mean masses between groups were determined and compared to 
the differences in means from the raw data.  To examine sex ratios in each habitat, resampling 
100,000 times with replacement was conducted and mean resampled proportion of males was 
compared to resampled mean proportion of males in a different habitat. This was conducted for 
each comparison (open forest vs. Elaeagnus forest, open forest vs. field, open forest vs. 
Elaeagnus forest, and Elaeagnus forest vs. field). The relationship between the pair-wise 
comparisons of resampled proportion of males in different habitats was compared to the 
relationship observed in the same pair-wise comparison from raw data.  
 
 

RESULTS 
 
 The majority of animals captured originated from the heavily invaded forest, with 
eighteen P. leucopus, one Tamias striatus (chipmunk), and one Glaucomys volans (Southern 
flying squirrel) captured here. In the open forest, we caught one T. striatus and six P. leucopus. 
In the field, we caught only two P. leucopus (Table 1). In past years, traps set varied, as well as 
numbers captured. In addition, traps were only set in two habitats, a forest (assumed to be less 
invaded than the “Elaeagnus forest” in this study) and an old field (Table 2).  In addition to the 
differing trap success rates, the adult P. leucopus caught in the three different habitats also 
differed significantly in size, with the largest P. leucopus in the Elaeagnus forest and the 
smallest in the field (Figure 2).  
 
 

Table 1. Summary of captures from each habitat in 2011 
 Elaeagnus Forest Open forest Old Field 

Peromyscus leucopus 18 6 2 
Tamias striatus 1 1 0 

Glaucomys volans 1 0 0 

Traps set 50 45 40 
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Table 2. Summary of captures from all previous study years for which data were available 
Mice captured  Traps set Forest Field*  Year 

Forest Field* Male Female Male Female Reference 

2010 135 65 5 4 4 3 Chara et al. 2010, 
p. 36 

2009 200 80 35** 16** Unruh et al. 2009, 
p. 145-146 

2008 0 200 NA NA 5 8 Sluzas et al. 2008, 
p. 287 

2007 98 98 1** 2** Devens et al. 
2007, p. 113 

2006 100 100 13 11 11 10 Beye et al. 2006, 
p. 156 

2000 110 90* 11 10 8* 6* Wagman et al. 
2000 

*In 2000, traps were set in a swamp rather than a field 
**For 2007 and 2009 data, distribution of sexes captured not available 

 
 

Figure 2. Distributions of adult P. leucopus sizes in open forest, field, and Elaeagnus forest habitats. The size 
differences between each pair of habitats were all shown to be significant (p < 0.05) by resampling the differences in 

means 100000 times. 
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 In order to determine whether the trend of larger mice in higher cover areas persisted 
over multiple years, we examined historical data on rodent captures in the E.S. George Reserve 
(see Table 2 for specific references). In 2007, all of the P. leucopus captured came from a forest 
habitat, so no comparisons between habitats in this year were possible. In 2004, only one P. 
leucopus was captured in the forest, and all others were captured in a field habitat. Although the 
P. leucopus captured in the forest was the largest of the 13 mice captured that year, it is still 
difficult to draw any meaningful conclusions from such a small sample size. In 2006, the 24 
adult P. leucopus captured in the forest were significantly larger than the 23 captured in the field 
(see Figure 3). However, in 2009, we found no significant difference in size between P, leucopus 
captured in the field and in the forest (see Figure 4). 

 
 

Figure 3. Distribution of sizes of adult P. leucopus captured in 2006 at the E.S. George Reserve.  
P. leucopus captured in the forest were significantly (p < 0.05) larger than those found in the forest. 
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Figure 4. Distribution of sizes of adult P. leucopus captured in 2009 at the E.S. George Reserve. We found no 
significant difference in size between habitats with resampling. 

 
  
 Because Elaeagnus is a relatively recent invader in the E.S. George Reserve, we suppose 
that forest habitats in the reserve where P. leucopus have been caught in past years would have 
more closely resembled this year’s open forest habitat than the high cover Elaeagnus forest. We 
therefore decided to compare the size of P. leucopus adults found in the Elaeagnus forest this 
year to those found in forest habitats in past years (Figure 5). In every year except 2004 (which 
only had one P. leucopus captured in a forest habitat), we found by resampling the difference in 
mean size 100000 times each that the adult P. leucopus captured in forest in 2006, 2007, and 
2009, respectively, were all significantly (p < 0.05) smaller than those captured in the Elaeagnus 
forest in 2011. 
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Figure 5. Distribution of sizes of P. leucopus found in forest habitats in each year. In every year except 2004 (which 
had a sample size of one), P. leucopus captured in the forest were significantly smaller (p < 0.05) than those 

captured in the Elaeagnus forest in 2011. 

 
 

DISCUSSION 
 
 The higher density of P. leucopus in the dense forest and the lower density in the field 
may be explained by the fact that P. leucopus is a woodland species which prefers medium to 
high woody stem density due to greater protection from predators (Hamilton 1998).  Since 
shelter has been shown to be a limiting factor in P. leucopus survival, the recent rapid increase in 
E. umbellata density on the ESGR has provided a larger area of preferred habitat (Vessey 1987), 
allowing P. leucopus to live longer, and thus grow larger in size (Figure 2).  
 By increasing the woody stem density in forests, E. umbellata has in turn decreased less 
woody habitats preferred by P. leucopus competitors, such as Microtus pennsylvanicus (meadow 
vole), potentially decreasing competition (Figure 3) (Kamler and Pennock 2004). Also, P. 
leucopus lives in home ranges, usually with a dominant male and several females. Dominant 
males have been shown to defensively patrol their home range in order to prevent subordinate 
males from invading (Myton 1974). This inaccessibility of preferred habitats by smaller males is 
most likely driving the smaller body mass of the subordinate males found in the field habitat 
(Figure 3). However, data from 2009 captures does not support this claim, perhaps due to higher 
forest competition for resources faced by dominant males or an overall decrease in resources 
caused by abiotic factors (Figure 4). 
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 P. leucopus is an omnivorous and arboreal species; therefore, the recent increase of fruit 
produced by E. umbellata may open up an elevated niche which is not accessible by P. leucopus’ 
less arboreal competitiors, thus providing another explanation for the higher P. leucopus density 
and size in the dense woods (McCracken et al. 1999).  This relationship is supported by the 
results that the individuals caught in the dense E. umbellata forest in 2011 had a higher mass 
than those caught in the forests, which were lower in E. umbellata density, of previous years 
(Figure 4)  (Brown 1964). This may indicate that P. leucopus, a generalist, is causing rarer 
competitors to decline in density (Garrett, White, and White 1993).  
 The relationship between body size and density of woody litter may be an important one 
to consider in future management assays. Future studies in this research project may elucidate 
the relationship between E. umbellata expansion and survival in P. leucopus, thus allowing for 
the cascading effects of this invasive species to become further elucidated.  
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SKELETAL REMAINS AND COMMUNITY COMPOSITION ON THE E.S. GEORGE 

RESERVE 

 

ALEX MOORE, ANNA ARIAS, ANAT BELASEN, PAUL GLAUM, AND KEVIN LI 

 

 

ABSTRACT 

 

Analyzing skeletal remains has long since been considered a useful way to 

track changes in community composition, dynamics, and structure over relatively 

large time-scales. In this study, we surveyed the presence of both skeletal remains 

and indicators of mammal presence on the E.S. George Reserve (Pinckney, 

Michigan) in order to understand how the community has changed over time. Our 

results indicate that the community composition is as expected based on available 

information on the status of the fauna species on the Reserve.  

 

INTRODUCTION 

 

The analysis of skeletal remains in conjunction with an assessment of the living fauna in 

an area can provide decadal-length information about historical community composition as well 

as supply indices of how those compositions have shifted over time (Miller 2011). Western and 

Behrensmeyer (2009) showed that the relative abundance and habitat distribution of species as 

derived from modern bone assemblages was able to accurately represent the composition and 

changes in species community over intervals as short as 5 years and as large as four decades. 

In addition to the derivation of historical community structure through fossil evidence, 

evaluating both recent skeletal remains and indicators of current fauna presence (burrows, scat, 

etc…) can offer insight into the behavior of the species that an area is presently comprised of 

(Badgley, personal communication). Predators often move their prey items from one location to 

another, for hiding or consuming privately (Labisky and Boulay 1998), and this movement of 

bones can provide information on the behavior of the predators within the region.  

  In this study, we analyzed the presence of modern skeletal remains and indicators of 

current fauna presence on the E.S. George Reserve (Pinckney, Michigan) in order to better 

understand the historical and current species composition of the region. Additionally, we also 

focused our survey on evidence of mammal presence in order to gain insight into the behavioral 

patterns of the current inhabitants.  

Contemporary species composition on the 1500-acre reserve is relatively well known, 

consisting of approximately 42 species of known mammals. Of these, there are several species of 

burrowing rodents, including white-footed mice (Peromyscus leucopus), meadow voles 

(Microtus pennsylvanicus), Eastern chipmunks (Tamias striatus), and Eastern gray squirrels 

(Sciurus carolinensis). Each of these organisms leaves distinctive dentition marks when gnawing 

or sharpening their teeth upon hard substrates. In addition, the reserve is also known to be 

inhabited by a handful of predators, notably bobcats (Felis rufus), coyotes (Canis latrans), and 

red foxes (Vulpes vulpes). Their presence is more frequently noted through the movement of 

bones from one site to another and the distinctive gnaw marks that they leave behind. Finally, the 

E.S. George Reserve is also home to several species of other burrowing mammals, including 
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raccoons (Procyon lotor lotor) and striped skunks (Mephitis mephitis), and one large mammal 

species, the white tailed deer (Odocoileus virginianus). 

From similar work done in 2010, the results of skeletal remains that were found on the 

reserve indicated that the reserve has had a population of grey foxes (Urocyon 

cinereoargenteus), which was unknown prior to the study (Zemenick et al, 2010). With this 

study, we hope to further substantiate the evidence available on the species composition and 

dynamics on the E.S. George Reserve and hopefully gather information that will help future 

studies understand how these composition change over time.  

 

METHODS 

 

Surveys were conducted along 200 meter transects at two sampling sites (Figure 1) 

located in the E.S. George Reserve (Pinckney, MI) on October 8, 2011 between 8:00 AM and 

3:00 PM. The first site sampled was the “Blowout” area, located to the Southeast of the reserve 

(GPS Points: Start: 746184, 4704173; End: 746150, 4704369). The area surrounding the transect 

along which sampling was conducted is characterized by a predominately oak canopy, relatively 

open understory, abundant leaf litter, and sandy soil. Toward the south end of the transect, the 

canopy included a mixture of black cherry and aspen, and a marsh lay to the west side. The 

second sample site is the area known as “Northwest Woods,” which is characterized throughout 

by a red maple and hickory canopy, with a conifer stand to the west and several small marshes 

throughout the area sampled (GPS Points: Start: 744610, 4705558; End: 744619, 4705767). The 

area surrounding the beginning of the transect was notably populated by more grass and had 

sparser leaf litter, while the end of the transect had more continuous leaf litter cover.  

 
Figure 1. Map depicting study sites within the E.S. George Reserve. The 

Northwest Woods site is labeled “W” and the Blowout is labeled “B.”  
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Surveyors walked 30 meters out from the central transect at each site, then returned to the 

center and proceeded back out in a zigzag pattern to cover as much ground as possible. While 

walking, surveyors visually scanned for mammal indicators, including bones, tracks, fur, chewed 

food items (nuts or seeds), burrows, and feces. When bones were found, bone type, species, size, 

and weathering stage were recorded. Burrows were measured and using the standard 

measurement established in a previous study, we identified the probable species to which each 

burrow belonged. Within this system, burrows that were less than three centimeters in diameter 

were designated mouse or vole burrows, those with 3-10cm diameters were chipmunks, 10-25cm 

were skunks or weasels, and 25-30cm were either woodchucks, foxes, or raccoons. We also 

attempted to identify species for each of the remaining types of indicators found. Each indicator 

was also marked with a GPS waypoint and a map was created for each site depicting the 

respective findings (Figure 2). Minimum number of individuals and minimum number of species 

were calculated based on data, and findings were compared with data from the previous year to 

determine whether species composition appears stable.  

 
Figure 2. Map depicting study sites within the E.S. George Reserve depicting respective findings. 

 

 
 

RESULTS 

Description of Bones – MNI 

 

At site B, we found a deer (Odocoileus virginianus) skull, skull fragment, and a juvenile 

radius (Table 1).  One deer skull was likely an adult female since there was not evidence of 

antlers.  The nasal region is missing from the skull but all the cheek teeth are present (P2-M3). It 

was in weathering stage 1. There was chewing damage due to a large animal on the back and 

front.  Fragment of a juvenile deer skull of the cranial cap was also found.  It appeared to have 

been moved from some other place.  The sutures of the skull were not closed, suggesting that the 
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deer was still growing. There is not overt chewing on the fragment but puncture marks on the 

rook and a tooth scrape.  The weathering stage of the skull was 1.  A radius of a juvenile deer 

probably carried to the spot from another location was found.  It was heavily chewed by a larger 

predator on the proximal end and missing the joint end. The MNI at site B was 3.  

 

At site W, we found bones and fragments of several deer (Odocoileus virginianus) (Table 

1). We found a calcaneum (ankle bone) from the left hind leg of an adult deer in weathering 

stage 1.  The bone had slight chewing marks from rodents. We found a right scapula of a juvenile 

deer in weathering stage 3.  The bones were porous and incomplete with the dorsal side 

extensively chewed away. The spine had damage and rodent gnaw makes ere on the proximal 

third.  We found a left tibia with extensive rodent gnawing from rodents of at least two different 

sizes.  We also found a skull fragment of a juvenile that is in weathering stage 3.  It was the back 

half of skull - the cranium to orbit with the front missing. There was chewing damage on back of 

skull. The fragment had possibly has been underwater and was very discolored. It had a possible 

association with the scapula found. Decayed leaf matter and worms were found inside. We found 

6 cervical vertebrae, 3 thorasics, 1 scapula, 1 skull, 2 lumbar of a juvenile deer that are in 

weathering stage 3. These bones appeared to be associated with the scapula in BW34. We also 

found a right maxilla (P2-M3) with the roots of P2 are showing.  The maxilla was from a an 

adult deer and is in weathering stage 2.  We also found a metapodial of an adult deer that is in 

weathering stage 1.  The MNI at site B was 4. 

 
Table 1: Description of bones found at each site, with notes about carnivore chewing so that other species in the area 

can be inferred. R = right, L = left. Chart allows for a calculation of MNI at site B and W.  

Site Species Bone Notes 

B 
Odocoileus 

virginianus 
Radius 

Missing joint end. Heavily chewed by an 

unidentified larger predator. 

B Odocoileus 

virginianus 
Cranium, P2-M3 

Likely female. Nasal region missing. Unidentified 

chewing damage on back and front. 

B Odocoileus 

virginianus 
Cranial Cap 

Sutures not closed. Fragmentary. Possible 

puncture mark on back. Tooth scrape. Puncture 

mark on roof. 

W Odocoileus 

virginianus 
Calcaneum Unidentified rodent chewing marks. 

W Odocoileus 

virginianus 
R: Scapula 

Incomplete; dorsal side has been extensively 

chewed away. Spine has damage. Unidentified 

rodent gnaw marks on proximal 1/3. 
W Odocoileus 

virginianus 
L: Tibia  Extensive unidentified rodent gnawing. 

W Odocoileus 

virginianus 
Skull Fragment: 

Cranium to Orbit 

Unidentified chewing damage on back of skull. 

Possibly has been underwater. Very discolored. 

Decayed leaf matter and worms found inside 

(Decomposition). 

W 
Odocoileus 

virginianus 

Vertebrae, 

Scapula, Skull, 

Thorasics, 

Lumbar  
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W Odocoileus 

virginianus 
R: Maxilla Roots of P2 are showing. 

W Odocoileus 

virginianus 
Metapodial Extensively chewed and gnawed on. 

 

Summary of Mammal Evidence – MNS 

 

At the two transects, we found a variety of elements from different species including 

deer, fox, raccoon, chipmunk, mouse, vole, skunk, and weasel. The total evidence for presence of 

species at each site is shown in Table 2. We found evidence of similar species at both sites.  Due 

to overlap or inconclusive evidence, the minimum number of species (MNS) at each site was 

lower than the total observations of species.   

 

We found that Site B had a MNS of 5 and Site W had a MNS of 5.  Site B and W had the 

same MNS per unit area while Site W a higher MNI per unit area (Figure 3).  Site W had a 

slightly higher amount of scat and bones per area (Figure 4).  Site W had a higher burrow 

abundance per species than Site B with a higher number of burrows in each category of burrow 

(Table 2).  This suggests that the Red Pine Plantation (Site W) tends to have a higher density of 

MNI and scat, bones, and burrow abundance than the deciduous woodlands that we sampled.  

 

 
Table 2: Type and abundance of elements per site as described by species and element.  The chart shows the variety 

of species and elements found at each site.  

 

 

Site Species Element 

B Deer Bones, 2 Scat, 2 Fur, 3 Tracks 

B Fox/Raccoon 1 Burrow, 7 Scat 

B Chipmunk 43 Burrows 

B Mouse/Vole 1 Burrow 

B Skunk/Weasel 8 Burrows 

B Predator Chewing 

W Deer Bones, 2 Scat, 1 Tracks 

W Fox/Raccoon 5 Burrows, 14 Scats 

W Chipmunk 87 Burrows, Chewing 

W Mouse/Vole 5 Burrows 

W Skunk/Weasel 12 Burrows 

W Rodents 5 Chewing 
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Figure 3: MNI and MNS per Unit Area. The density of Minimum Number of Individuals (MNI) indicated 

by bones, and the Minimum Number of Species (MNS) indicated by all elements at each site. 

 

 
 

 
Figure 4: Element per Unit Area. This graph shows the density of each element (tracks, scat, bones, 

burrows, and chewing) per Unit Area at each site; Site B in blue and Site W in red.  
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Table 3: Type of Burrow at each site.  The table shows the higher number of burrow found at site W.  

 

Species B W 

Mouse/Vole 1 5 

Chipmunk 43 87 

Skunk/Weasel 8 12 

Fox/Raccoon 1 5 

 

Comparing MNI and MNS from 2010 to 2011 

 

We compared our data from sites B and W to the data found in 2010.  We found similar results at 

site B in 2011 as compared to 2011, with a higher MNI in 2011 (Figure 5).  Site W had less MNI 

and MNS in 2011 as compared to 2010 (Figure 6).  

 
Figure 5: MNI and MNS for 2010 and 2011 at Site B.  There were similar findings for the two years.  

 

 
 

Figure 6: MNI and MNS for 2010 and 2011 at Site W.  There was a higher MNI and MNS in 2010.  
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DISCUSSION 

 

 The overarching result of the survey was that species composition was as expected based 

on previous years studies (Zemenick et al, 2010).  While MNI and MNS in transect W did 

exhibit a slight decline, comparing the overall MN/MNSI from this year’s and last year’s survey 

shows a consistency in the general richness and diversity of species in the Reserve.  This year’s 

survey did not produce any evidence of gray fox presence, but given the low abundance in last 

year’s survey this is not unexpected.  As in previous years, burrows were the most abundant 

element found during the survey with chipmunk burrows being the most numerous type of 

burrow across both transects this year.  One could possibly conclude that a high level of burrows 

would have led to a greater number of rodent bone remains being discovered but several 

explanations can explain their absence.  Small rodent bones would often be consumed by 

predators and any remaining bones would likely be gnawed and whittled away by other rodents 

on the Reserve leading to the elimination of remains or remains that are easily missed during 

surveys.  The results of 2011’s mammal survey show a strong small mammal presence on the 

Reserve (Belasen, 2011) and the number of burrows discovered is a convincing indicator of that 

fact.   

 A low number of tracks were found as a result of dry weather at the time of surveying 

(Badgley, 2011).  This dry weather may also have been the reason we were able to discover an 

impressive assemblage of deer bones in Northwest Swamp located in transect W.  A point of 

interest regarding the find, while most of the bones unearthed belonged to a juvenile deer, two 

deer individuals were discovered in the location.  This leads to questions regarding results that 

lead to this situation.  It is possible a local predator/scavenger uses the area as a feeding ground.  

Such a possibility warrants further study and future surveys at the location as it could give 

worthwhile insight into the feeding practices of scavengers like coyote.  Other scavengers on the 

reserve were account for beyond burrows in that the majority of bones discovered displayed high 

levels of chewing by the local small mammal population.  As many small mammals rely on 

calcium deposits in the bones, these findings show the importance of these bone remains to the 

maintenance and diversity of mammalian life in the Reserve.   
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MOUSE ABUNDANCE IN DENSE HABITATS: A MATTER OF COVER OR FRUIT SET? 
 

MARCELLA BAIZ 
 
 

ABSTRACT 
 

Evidence for greater white-footed mouse abundance in forested habitats that have 
been heavily invaded by autumn olive shrubs has previously been found. Autumn 
olive is an invasive fruit-bearing shrub whose berries are high in sugar and 
nutritional content. It is possible that invasive fruit-bearing shrubs, live autumn 
olive, that reach high densities in the subcanopy provide increased cover from 
predators as well as a valuable food resource to small mammals like mice. The 
goal of this study was to determine if mice eat autumn olive berries and to 
determine if their abundance in autumn olive stands is similar to that in stands of 
other shrubs that reach similarly high subcanopy densities. To do this, I compared 
removal from baits in autumn olive and Japanese barberry stands using three bait 
types: 1) oat flakes, 2) autumn olive berries, and 3) barberries. Mice seem to 
prefer autumn olive berries to barberries and evidence of mice was observed in 
both habitat types. This suggests that cover from predators may be more 
important than the presence of favorable fruit resources for mice. Trapping should 
be conducted in both habitats to ensure that mouse abundance is comparable and 
trapped mice should also be weighed. If cover is more important than fruit set, we 
might expect that mouse abundance is actually greater in barberry stands since 
barberry may offer a higher quality of protection by cover than autumn olive since 
it has thorns. Implications of extreme barberry invasions may also involve 
increased lyme disease prevalence since white-footed mice are important 
reservoirs of lyme disease. 
 

 
INTRODUCTION 

 
 A previous study found evidence that white-footed mouse (Peromyscus leucopus) 
abundance was greater in a densely forested habitat than in an open forest habitat at the E.S. 
George Reserve (Belasen et al. 2011). Trapping success and mouse weight were greater in the 
dense habitat, which was heavily invaded by autumn olive shrubs (Elaeagnus umbellata). In 
many areas of the reserve, autumn olive can dominate the subcanopy. Autumn olive is an 
invasive shrub, native to Asia (Ahmad et al. 2006) that has been on the reserve since the early 
1980s. Autumn olive shrubs produce many small, sweet red berries that are primarily dispersed 
by birds. The berries are highly attractive as they are quite nutritional. They contain high 
amounts of sugars, carotenoids, and phenolics, and also have a high antioxidant capacity (Wand 
and Fordham 2007).   
 Due to their high nutritional value, it is likely that mammals also favor autumn olive 
berries. Mice, including white-footed mice, have been reported to be diet generalists and are 
known to feed on arthropods, seeds, and berries (Cogshall 1928). Lewis et al. (2001) however, 
reported that white-footed mice can detect differences in energy and protein content of their food 
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and select foods according to their profitability and their current nutrient needs. Therefore, 
white-footed mice in areas invaded by autumn olive probably benefit by incorporating this new 
fruit set into their diets. 
 In addition to providing palatable fruit resources, autumn olive shrubs also provide 
additional cover. Small mammals, including white-footed mice, have been reported to restrict 
movements to paths that offer cover from predators (Barnum et al. 1992, Edalgo et al. 2009). The 
added cover of dense autumn olive in the subcanopy might also explain why Belasen et al. 
(2011) found mouse abundance to be greater in the invaded forest habitat than in the open forest 
habitat. 
 The goal of this study was to compare mouse abundance between a densely forested 
habitat invaded by autumn olive and a densely forested habitat lacking an autumn olive invasion 
to determine if mice prefer dense cover in general, or if autumn olive is a preferred type of cover. 
To do this, I set baits overnight in forested habitat invaded by autumn olive and forested habitat 
invaded by Japanese barberry (Barberis thunbergii), another invasive berry-producing shrub, 
since native shrubs generally do not reach comparable densities in the subcanopy. I also wanted 
to determine if mice actually ate autumn olive berries and if they would prefer them to another 
berry type. To do this, I set three bait types in each habitat including either oat flakes, autumn 
olive berries, or barberries.  

 
 

METHODS 
 

Study sites 
  
 I sampled in the same trapping location in the dense autumn olive forested habitat 
described by Belasen et al. (2011). This area is characterized by canopy coverage of mostly oak 
and few juniper trees. The subcanopy is heavily invaded by autumn olive with few to no native 
shrubs persisting. To compare mouse abundance between dense autumn olive habitat to that of a 
dense habitat not heavily invaded by autumn olive, I sampled from a site heavily invaded by 
Japanese barberry since stands of native shrubs do not generally get as dense. My barberry site 
was located in the Big Woods near ponds 64 and 65. Sampling locations are indicated on a map 
of the reserve in Figure 1 by red rectangles. 
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Figure 1. Map of the E.S. George Reserve adopted from Belasen et al. (2011) showing previous trapping transect 
locations indicated by black rectangles. Current bait transect locations are indicated by red rectangles: 1) autumn 
olive habitat and 2) barberry habitat. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Cover and leaf litter 
 
 To be sure cover in each habitat was similar, I measured canopy cover with a 
densitometer in each location. In each habitat, I took densiometer readings under barberry or 
autumn olive shrubs near baits (barberry n = 32, autumn olive n =30). Percent cover was 
estimated as percentage of the densiometer viewer occupied by vegetation. To compare the 
amount of leaf litter between habitats, I measured leaf litter depth as distance from the ground to 
the top layer of litter from the center of a 12in x 12in quadrat chosen randomly within 1m of 
each bait (n = 15 in each habitat). 
 
Estimating abundance and preference 
 
 I estimated relative mouse abundance by comparing removal from baits and direct 
evidence of mice (scat in and/or around bait, spilling of bait, berry husks) between habitats at 
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night and sciurid abundance by comparing daytime bait removal between habitats. I determined 
bait preference by comparing percent bait removal between bait types. I set 15 baits 
approximately 10-15m apart along a transect in each habitat between 4-5pm on October 16, 2011 
and checked for removal the following day between 8-9am and again between 3-4pm. I used 
three bait types, 1) oat flakes, 2) autumn olive berries, and 3) barberries. White-footed mice have 
been reported to consume barberry seeds in a lab setting (Cogshall 1928). For each, I placed 
approximately 10g of bait into uncovered petri dishes in areas of high expected mouse traffic: 
either at the base of a tree or along a downed log. During the morning check, I re-weighed bait 
contents to calculate percent removal that occurred over-night to indicate mouse removal. During 
the afternoon check, I reweighed bait contents again to calculate percent removal that occurred 
throughout the day, which likely indicates sciurid removal. 
 
 

RESULTS 
 

Cover and leaf litter 
 
 Average cover was significantly greater in the autumn olive habitat by 11%( p < 0.01; 
Fig. 2a) while average leaf litter depth was only slightly greater in the barberry habitat (p < 0.05; 
Fig. 2b) 
 
Figure 2. A) Average percent cover and B) average leaf litter (LL) depth in each habitat. Gray bars represent 
samples taken in barberry habitat; green bars represent samples taken in autumn olive habitat. Error bars are 
standard error. 

Abundance 
 
 There was obvious evidence of mice in both habitats (Fig. 3). In the morning, six of 
fifteen baits in barberry habitat had mouse scat in and/or around them, while none of the baits in 
the autumn olive habitat did. All scat observations were from either oat or autumn olive berry 
baits. Seven of fifteen baits in the barberry habitat and 10 of fifteen baits in the autumn olive 
habitat presented with spilled bait around the petri dish. One out of the ten berry baits in the 
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barberry habitat and five out of the ten berry baits in the autumn olive habitat had berry and/or 
seed husks present. All observed husks were from autumn olive berry baits. 
 There was also obvious evidence of sciurids during the day (mostly chipmunks, Tamias 
striatus) in both habitats. I head and saw several chipmunks in the afternoon in barberry and 
autumn olive habitats and I also saw evidence of autumn olive berry and barberry processing on 
a log above an autumn olive bait in the autumn olive habitat.  

There was no significant effect of habitat on bait removal during the night or the 
following day (Fig. 4). 
 
Figure 3. Frequency of direct evidence of mice in each habitat, gray bars represent samples from barberry 
habitat, green bars represent samples from autumn olive habitat. All scat was observed in/around oat and 
autumn olive berry baits and all seed/berry husks were from autumn olive berry baits.  

 
 
 

Preference for bait type 
 
 There was a marginal effect of bait type on percent removal from baits at night (p = 
0.052) and during the day (p = 0.09). On average, more autumn olive berries were removed than 
barberries from baits in both habitats during the night and during the day (Fig. 4). 
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Figure 4. Average percent removal by bait type in each habitat A) at night and B) during the day. Gray bars 
represent baits in barberry habitat, while green bars represent baits in autumn olive habitat. There was no effect of 
habitat on removal, and a marginal effect of bait type on removal. AO berries = autumn olive berries. Error bars are 
standard error 
' 

 

 
 

DISCUSSION 
 

I found evidence of mice in two densely vegetated habitats, suggesting mouse abundance 
to be similar. It is possible that fruit-bearing invasive shrubs that grow in dense stands like 
autumn olive and Japanese barberry provide additional cover from predators as well as fruit 
resources to small mammals living amongst them. Greater removal from autumn olive berry 
baits in both habitats suggests that mice prefer autumn olive berries to barberries, however.  

In a lab setting, white-footed mice have been reported to eat barberry seeds (Cogshall 
1928). Barberries, however, are thought to be avoided by birds and only taken when other 
resources have been depleted mainly because they have low nutritional value (Ehrenfeld 1999). 
Due to the high sugar content and high nutritional value of autumn olive berries (Wang and 
Fordham 2007), it is likely that most animals that feed on fruit would prefer them to barberries. 

Although I found evidence that mice prefer autumn olive berries to barberries, I found 
evidence of mice in both habitats. This suggests that, for mice, cover from predators may be 
more important than the availability of a favorable fruit set. Results from Dutra et al. (2011) 
support this conclusion by demonstrating that experimental removal of fruit from honeysuckle 
shrubs does not affect white-footed mouse abundance in dense honeysuckle stands. 

If cover is indeed more important to mice than fruit set, quality of that cover should also 
be considered. Japanese barberry shrubs might offer cover of higher quality than that offered by 
autumn olive shrubs. Although percent cover was found to be about 10% greater in the autumn 
olive habitat, Japanese barberry shrubs have spiny thorns that might deter predators from 
foraging in barberry stands. If white-footed mice in barberry stands benefit from this additional 
protection, we would expect mouse abundance to actually be greater in barberry stands than in 
autumn olive stands. To determine if this is the case, grid trapping should be done in each habitat 
and trapping success should be compared. It would also be interesting to also compare mouse 
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mass between habitats since mice in dense autumn olive stands are probably consuming large 
quantities of autumn olive berries, but mice in dense barberry stands probably suffer decreased 
mortality. 

A previous study on white-footed mice living in barberry habitats found that the number 
of larval ticks per mouse increased with barberry shrub density (Williams et al. 2009). White-
footed mice are an important vector of lyme disease and adults ticks that have acquired the 
parasite from mice can pass it to other mammals, including humans. In addition to increased 
mouse abundance, implications of Japanese barberry invasion may also involve increased 
prevalence of lyme disease. 
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ON THE RUN: A STUDY OF ANTHROPOGENIC EFFECTS ON FLIGHT INITIATION 
DISTANCES OF SMALL MAMMALS 

 
 ALLISON INJAIAN  
 

ABSTRACT  
The increase global human presence, especially within the 20th century, has 
caused an increased disturbance on wild animal populations and changed animal 
behavior (Frid and Dill 2002). Human disturbance directly influences animal 
behavior through hunting, trapping and supplementary feeding, while indirectly 
influences animal behavior through repeated exposure in urban areas and 
recreation parks (Stankowich and Blumstein 2005) (Brittingham and Temple 
1988).  In this study, anthropogenic effects of presence and supplementary 
feeding small mammals were analyzed in relation to flight initiation distance 
(FID) for two species, Tamias striatus and Sciurus niger. FIDs were recorded in a 
densely-populated urban area, University of Michigan (U of M), Central Campus, 
and compared to a rural area, E. S. George Reserve (ESGR), Pinckney, MI. For 
both T. striatus and S. niger, FIDs were lower at U of M than at ESGR (p=.001 
and p=.000, respectively). This study suggests two main factors cause this 
behavioral difference; 1) supplemental feedings have trained small mammals to 
expect food when approached by a human 2) human activity is learned to have 
low predatory risk thus causing habituation. Although the behavioral differences 
in small mammals are clear in this study, potential human influence on wild 
animal populations needs to be further researched due to human populations 
increasing and recreational activities gaining popularity.   

 
INTRODUCTION 

 The human population has grown from 250,000 at the beginning of the agricultural 
revolution (8,000 ybp) to over 6 billion in 1999 – with most growth occurring in the 20th century 
(Lutz and Qiang 2002).  This explosion in global human presence has caused an increased 
disturbance on native animal populations and changed animal behavior (Frid and Dill 2002). 
Animals cope with human disturbance by; changing distribution patterns and use of certain areas, 
altering time spent patterns in an area, changing time of feeding, or fleeing (Fortin and 
Andruskiw 2003).  If this repeated human activity is perceived as predation risk, animals suffer a 
decrease in energetic gains as well as an increase in costs, ultimately leading to a reduction in 
fitness (Harrington and Veitch 1992).  

 Human disturbance directly influences animal behavior through hunting and trapping, 
specifically by increasing flight initiation distances during hunting season compared to other 
months within avian species (Stankowich and Blumstein 2005).  According to Ydenberg and Dill 
(1986) flight initiation distance (FID) is the distance at which an animal begins to flee from an 
approaching predator. FID is a clear, species-specific measure of an individual’s fearfulness and 
is related to other escape behaviors, such as scanning and alert distance. Distance to refugia, 
patch quality, and costs of leaving influence FIDs, with non-territorial animals and non-feeding 
animals initiating flight sooner than animals engaged in a fight, guarding territories or mates, or 
feeding (Stankowich and Blumstein 2005).  
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 Human activity can also directly change animal behavior by providing food resources. 
Studies have showed that supplemental feedings of birds at feeders during winter positively 
influences body mass (Brittingham and Temple 1988), nutritional condition (Grubb and 
Cimprich 1990), winter survival rates (Brittingham and Temple 198) and clutch size (Arcese and 
Smith 1988). These advantages offered through anthropogenic effects change relative abundance 
of bird species near feeders, thus affecting the local arthropod abundance (Martinson and 
Flapohler 2003).  Humans can also indirectly affect wilderness species through recreational 
activity, such as hiking, which temporarily excludes animals from their habitat and cause a 
fleeing response (Steidl and Anthony 2000).  

 In this study, anthropogenic effects on FIDs of small mammals in densely populated area 
are analyzed. FIDs are used to gauge perceived predation risk of small mammals, Tamias striatus 
(Eastern chipmunk), Sciurus niger (Eastern fox squirrel) and Sciurus carolinensis (Eastern gray 
squirrel), between a habitat with high and low anthropogenic effects.  It is hypothesized that 
small mammal behavior will be significantly changed in areas of high human influence causing a 
lower FID, suggesting an evolutionary adaptation to low perceived predation risk by humans. 
Over 50 mammals were sampled at both habitats and mean FIDs were recorded and compared 
through a Student’s T-test. Significant differences in FIDs between locations were found, 
suggesting a behavioral change due to human activity and perhaps selection for genes regulating 
this low FID behavior.  

METHODS 
Study Sites 
 In October of 2011, FIDs of small mammals; T. striatus, S. niger and S. carolinensis were 
sampled at the E.S. George Reserve (Pinckney, MI) and University of Michigan, Central 
Campus (Ann Arbor, MI).  These two sites were chosen due to varying degrees of human 
presence and interaction with small mammals. The E.S. George Reserve (ESGR) has been 
maintained by the University of Michigan, Museum of Zoology, since 1930 as a protected, 
forested area and has endured minimal human disturbance.  Because of this isolation, the ESGR 
was considered to have minimal anthropogenic effects and was expected to produce expected 
and natural animal behavior for the purpose of this study. Currently, the University of Michigan 
(UofM), is host to approximately 42,000 students, with the Central Campus being the hub of 
student activity. Because of this high human presence and the urban landscape, U of M, Central 
Campus was considered to have high anthropogenic effects and was expected to produce 
experimental animal behavior.  
 
Sampling Methods 
 At the E. S. George Reserve, small mammals were found on foot, along, approximately, a 
6 mile path (Figure 1). All mammals surveyed were visible from the path and in a mixed-forest 
habitat. Once spotted, the mammal was approached until flight was initiated.  The difference 
between the location of initial flight and the approacher was recorded as the FID and measured in 
meter paces. The type of flight was characterized into one of 2 categories; ran into nest or ran 
farther away on forest floor.  
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Figure 1. Map of the ESGR. The black line indicates the path in which FIDs were recorded. 

   
 
 At the University of Michigan, Central Campus, small mammals were found on foot, in 
approximately a one square mile area (Figure 2). All mammals surveyed were visible from the 
sidewalk in the urban landscape. Once spotted, the mammal was approached until flight was 
initiated.  The difference between the location of initial flight and the approacher was recorded as 
the FID and measured in meter paces. The type of flight was characterized into one of 2 
categories; ran into nest or ran farther away. If a mammal came closer to the approacher, it was 
considered a negative FID.  
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Figure 2. Map of University of Michigan, Central Campus.  The area within the circle indicates the approximate one 
square mile in which FIDs were recorded. 

 

   
Data Analysis 
 Mean FIDs of for all small mammals were calculated for each location, then compared 
between sites. Also, species specific Student’s T-tests were run to compare mean FIDs of T. 
striatus and Sciurus spp. between locations. Also, within each species for a certain location, 
Student’s T-tests were used to find differences in mean FIDs of individuals who ran to a nest 
versus ran away.  
 

RESULTS 
 At the ESGR, 3 species of small mammals were found, T. striatus, S. niger, and S. 
carolinensis, however only T. striatus and S. niger were found at U of M, Central Campus.  
Because of differences within species that exist in terms of flight beahvior, only data for T. 
striatus and S. niger, which had individuals at both sites, was analyzed.  A sample size of 57 
individuals from the EGSR was recorded, with 46 T. striatus individuals and 11 S. niger 
individuals.  A sample size of 54 individuals was found at U of M, Central Campus, with 10 T. 
striatus individuals and 44 S. niger individuals.  
 
 Within species FIDs for T. striatus ranged from 1.0m to 20.0m between the two locations 
(Figure 3).  
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Figure 3. Distribution of FIDs of T. striatus at U of M, Central Campus (green) and at the ESGR (blue). FIDs are on 

the x-axis (m) and frequency is on the y-axis. There are two negative bins for FIDs (m), -1.0 and -0.5. 
 

   
 
The mean FID for T. striatus was significantly lower at U of M, Central Campus, than it was at 
the ESGR (p=.001) (Figure 4). There was no significant difference found in T. striatus for FIDs 
of individuals that ran away or to a nest (p=.668).  
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Figure 4. Mean FIDs of T.striatus at U of M, Central Campus and at the ESGR (p=.001). Mean FID (m) is on the y-

axis. 

   
 
Within species FIDs for S. niger ranged from -1.0m to 20.0m between the two sites (Figure 5). 
 
Figure 5. Distribution of FIDs of S. niger at U of M, Central Campus (green) and at the ESGR (blue). FID (m) is on 

the x-axis and frequency is on the y-axis. 
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The mean FID for S. niger was significantly lower at U of M, Central Campus, than it was at the 
ESGR (p=.000) (Figure 6). There was no significant difference found in S.niger for FIDs of 
individuals that ran away or up a tree (p=.252).  
 

Figure 6. Mean FIDs of S. niger at U of M, Central Campus and at the ESGR (p=.000). Mean FID (m) is on the y-
axis. 

 

   
 

DISCUSSION 
 The results showed that for both T. striatus and S. niger individuals at U of M, Central 
Campus have significantly lower FIDs than at the ESGR. This change in behavior can be 
attributed to human activity in two parts; 1) supplemental feedings have trained small mammals 
to expect food when approached by a human 2) human activity is learned to have low predatory 
risk thus causing habituation. It is most likely the combination of these two factors which 
produce such stark differences in animal behavior in the two populations. 
 
 In support of the first reason behind behavioral change (supplemental feeding), studies 
have shown that free-ranging white-tailed deer have been conditioned to visit feeders, similar to 
the concepts used by Pavlov (Henke 1997). Although there is no known “bell” on campus which 
elicits this behavior, this study suggests that a direct approach of a human towards a small 
mammals mimics a signal which tells the mammals that food is going to be offered.  This theory 
is supported by the negative FIDs at U of M, Central Campus, where an individual of S. niger 
came closer rather than fleeing from the approacher (Figure 5).  Also, previous foraging 
experience significantly affects food choices of mule deer and other mammals in regards to 
future food choices (Bartmann and Carpenter 1982).  If this same theory is applied to small 
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mammals at U of M, Central Campus, those individuals which have had previous supplemental 
feeding encounters in which a nutritious morsel was provided would have motivation to behave 
in a way which would allow for future feeding encounters. However, future studies would need 
to directly look at food supplied to small mammals at U of M, Central Campus and evaluate 
nutritional qualities.  
 
 The second proposed causation of behavioral change in small mammals on U of M, 
Central Campus is through habituation, or a decrease of a response to repeated, ambivalent 
stimuli (Whitaker and Knight 1998).  According to McCullough (1982), in situations where 
habituation reduces time and energy costs by eliminating needless behaviors, it is adaptive.  This 
study suggests that small mammals show habituation towards human presence, thus increasing 
competitive ability by reducing energy expended through flight or loss of a prime foraging site. 
This behavior has also been seen in Alaskan brown bears, which (dangerously) lose avoidance 
and escape responses towards humans due to increased exposure (Smith et al. 2005).   
 
 With human populations increasing and recreational activities gaining popularity, human 
influence on wild animal populations needs to be further researched.  Although this study proves 
that human influence can directly and indirectly effect small mammal populations, future 
research should be conducted. Specifically, studies should address flight types (nest or away) as 
they are a measure of fearfulness and no significant relationship was found in this study.   
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DIVISION OF LABOR, FORAGING, AND INTER-NEST RELATEDNESS IN 
FORMICA OBSCURIPES: A CASE STUDY 

MARIA RIOLO, ANNA ARIAS, MARCELLA BAIZ, PAUL GLAUM, LEAH MURRAY,  
IVETTE PERFECTO 

 
ABSTRACT 

 In this study, we examined size-distance and size-task relationships within a 
Formica obscuripes nest. In addition, we located nearby nests and determined possible 
relatedness using aggression tests. Although we found no correlation between size and foraging 
distance, hompteran tending workers collected from oak trees were significantly larger than 
those from juniper trees. We also found significant differences in size between ants performing 
different tasks, with thatch moving ants being the largest, followed by those removing pupal 
casings, and the smallest ants harvesting honeydew. Of the seven neighboring nests we located, 
only two displayed aggression with the main nest of study, suggesting the possibility of two 
different colonies. Additionally, a more remote nest also showed no aggression with the main 
nest, which may imply a large supercolony. 

 
INTRODUCTION 

 In many social species of colony forming ants, workers are polyethic and often differ in size 
(Rosengren and Sundstrom 1987). McIver and Loomis (1993) described the relationship between task, 
travel distance and head size in Formica obscuripes and Formica planipilis in Yosemite National Park: 
scavenging ants had larger heads than homopteran tending ants and amongst tending ants, tenders of 
nearby homopterans had smaller heads than tenders of distant homopterans. This size-distance 
relationship among tending foragers has been described in several other Formica rufa-group species 
(Wright et al. 2000, Kay and Rissling 2005). Rosengren and Sundstrom (1987) give three hypotheses to 
explain the significance of this relationship. First, a size-distance relationship among tenders supports 
efficiency of energy transfer since large ants have a lower metabolic rate and can transfer more 
honeydew per unit time. Second, increased colony defense might be achieved by having larger ants 
travel greater distances from the nest, where they are more likely to meet a rival colony. Finally, by 
staying closer to the colony, smaller ants have a decreased chance of getting lost. (McIver and Loomis 
1993) 
 At least 13 species in the Formica rufa-group have been described as polydomous, where ants 
exhibit colonies in the form of several closely related nests that have arisen from one main nest 
(McIver et al. 1997). McIver et al. (1997) describes a “supercolony” of Formica obscuripes nests in the 
Blue Mountains of Oregon where 210 nests were demonstrated to be of the same colony. Formica 
obsucuripes foragers tend to be solitary and individuals from unrelated nests will fight with each other. 
 The goals of this study were to look for and describe any size-distance or size-task relationships 
among workers from a Formica obscuripes nest and to map and describe its neighboring nests in terms 
of probable colony relatedness. We predicted that ants foraging for honeydew near the nest would be 
smaller on average than those foraging for honeydew on distant trees. We also predicted that nest 
relatedness would decrease with increasing distance. 

 
MATERIALS AND METHODS 
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 Our system of study was a Formica obsuripes nest, estimated to be between ten and fifteen 
years old, located just outside the south gate of the E.S.George Reserve. This nest was of particular 
interest due to its location at the transition between forest and mowed field. The forest to the north 
contained primarily black oaks, junipers, and black cherry trees. 

 In the immediate area of the nest, we collected some workers that were engaged in 
moving thatch and others that were removing pupal casings from the nest. To sample foraging ants, we 
attempted to follow ants from the nest and examined nearby trees for ant activity. On all trees where we 
found ant activity, descending ants did not appear to be carrying anything, but some ants did have 
noticeably distended abdomens. On this basis, we surmised that the ants we sampled from trees were 
probably tending homopterans and transporting honeydew back to the nest. We collected ants from 10 
trees and recorded the species of the each tree and its location relative to the nest.  
Because we observed very little scavenging activity when we were collecting ants, possibly because we 
sampled in the still relatively cool hours of the  morning, we had no data on the sizes of ants engaged in 
scavenging. The head diameters of all collected ants were measured using a hand scope. Statistical 
comparisons between different sets of ants were performed by bootstrapping and resampling using R, 
which allowed us to avoid making assumptions about the distributions of head sizes. 
 During the course of our study, we located seven additional F. obscuripes nests in the vicinity 
of the original nest of study (henceforth denoted "nest 1" to avoid confusion). To investigate possible 
relatedness of these nearby nests with nest 1, we collected 5 ants from each of the nearby nests as well 
as one F. obscuripes nest located in the Old Field of the George Reserve, which was much further away 
than the other nests. We placed these ants one-by-one on the central mound of nest 1 and recorded the 
presence or absence of aggressive behavior towards the outside ant. 
 

RESULTS 
 

Size differences in workers 
 When we compared the sizes of ants performing different tasks (carrying thatch, carrying pupal 
casings, and foraging for honeydew) we found that the ants moving thatch were the largest, followed 
by the ants moving pupal casings, with the ants foraging for honeydew tending to be the smallest. All 
of  these differences were significant with p-values less than .01 (see Figures 2 through 4). The result 
that the ants moving thatch were larger than those tending homopterans matches the earlier findings of 
McIver and Loomis (McIver and Loomis 1993). However, unlike previous studies (McIver and Loomis 
1993, Wright et al. 2000, Kay and Rissling 2005), we found no correlation between foraging distance 
and head diameter among ants tending homopterans (Figures 5 and 6).  
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Figure 1. Head diameter of workers by task. Workers carrying thatch tend to be the largest, with a mean head size of .654 
mm. The average head size of workers moving pupal casings was .602 mm. The workers foraging for honeydew tended to 
be the smallest, with average head size .545 mm. 
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Figure 2. Distributions of resampled differences in mean size between ants carrying thatch and those carrying pupal casings. 
Ants carrying thatch were on significantly larger (p < 0.01). 
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Figure 3. Distributions of resampled differences in mean size between ants carrying thatch and those foraging for 
honeydew. The ants carrying thatch were significantly (p < .001) large than those harvesting honeydew.  
Error! Bookmark not defined. 
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Figure 4. Distributions of resampled differences in mean size between ants carrying pupal casings and those foraging for 
honeydew. Ants carrying pupal significantly (p < .005) larger than the ants harvesting honeydew.   
 
 

 
 
 
  

197



Figure 5. Head diameters of ants foraging for honeydew on each tree, ordered from nearest to furthest. We see no trend in 
ant size with distance foraged (see Figure 6). 
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Figure 6.  Scatter plot of head diameter and distance to tree for ants foraging for honeydew. Linear regression of head 
diameter with tree distance showed no correlation. 

 
 Although we found no trends in ant size associated with foraging distance, we noticed that all the 
trees where we had found ant activity were either black oaks or jumipers, so we decided post-hoc to 
compare the sizes of ants foraging on black oak trees to the sizes of those ants found on junipers. 
Visual inspection of the size distributions suggested that there might be some difference (Figure 7) and, 
indeed, using resampling we found a significant (p < .01, see Figure 8). Within those ants foraging on 
each species of tree, we again found no correlation between size and foraging distance (Figure 9). 
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Figure 7. Head size of ants harvesting honeydew arranged by species of tree. The ants harvesting honeydew on black oak 
had an average head diameter of .562 mm while those on juniper had an average head diameter of .533 mm. This difference 
was found to significant  (p < 0.01, see Figure 8). 
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Figure 8. Distributions of resampled differences in mean size between ants carrying pupal casings and those foraging for 
honeydew. The ants were significantly (p < 0.01) larger on oak than on juniper.  
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Figure 9.  Linear regressions of size vs. distance, separating ants by the species of tree where they were foraging. We found 
no correlation between head size and distance from nest in ants foraging on black oak or in ants foraging on juniper. 

 
 
 

Aggression between nests 
 

During the course of our investigation, we discovered seven nests in the area around nest 1. The 
locations of these nests are plotted in Figure 10. The dashed, green line denotes the approximate 
location of the edge of the forest, with trees to the north of the line and open field to the south. Of all 
these nests, only ants from nests 3 and 4 were attacked when placed on the central mound of nest 1 
(Table 1), suggesting that the other five nests we found may be more closely related to nest 1.  The ants 
at nest 1 also showed no aggression towards the ants collected from a nest in the Old Field, suggesting 
that nest 1 and the Old Field nest may be closely related despite the considerable spatial distance 
between them. 
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Figure 10. Nest locations. The nest located in the Old Field does not appear in the figure because it is much farther away 
than the pictured nests. The dashed green line shows the approximate location of the tree line, with wooded areas above (N) 
and field below (S). Nests 3 and 4 (shown in red) are showed aggression with nest 1. All other nests (in blue) showed no 
aggressive behavior in our tests. 

 
 
Table 1. Aggression of nest 1 ants to ants from each other nest. Only ants from nests 3 and 4 were ever attacked when 
placed on nest 1. 

Nest Trial 1 Trial 2 Trial 3 Trial 4 Trial 5 
2 No 

aggression 
No aggression No aggression No aggression No aggression 

3 No 
aggression 

No aggression No aggression Aggression Aggression 

4 Aggression No aggression Aggression Aggression Aggression 
5 No 

aggression 
No aggression No aggression No aggression No aggression 

6 No 
aggression 

No aggression No aggression No aggression No aggression 

7 No 
aggression 

No aggression No aggression No aggression No aggression 

8 No 
aggression 

No aggression No aggression No aggression No aggression 

Old Field 
nest 

No 
aggression 

No aggression No aggression No aggression No aggression 
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Though time constraints prevented us from examining aggression between all possible pairs of 
nests, we did test aggression between nest 4, on of the two nests which demonstrated aggression with 
nest 1, and two other nests – nest 3, which was also aggressive with nest 1, and nest 5, which was not. 
Neither ants from nest 3 nor ants from nest 5 were attacked when placed on nest 4. This suggests that 
nests 3 and 4 are sufficiently closely related to each other not to display aggressive behavior and both 
are not so closely related to nest 1. Nest 5, on the other hand, is closely related to both nests 1 and 4, 
even though those two nests demonstrate aggressive behavior with each other. One possible avenue of 
future research would be to examine aggression between all the remaining pairs of nests with the aim 
of constructing a “family tree.” 
 
Table 2. Aggression of nest 4 ants to ants from nests 3 and 5 

Nest Trial 1 Trial 2 Trial 3 Trial 4 Trial 5 
3 No aggression No aggression No aggression No aggression No aggression 
5 No aggression No aggression No aggression No aggression No aggression 

 
DISCUSSION 

 Though we did not find the relationship between foraging distance and size reported in other 
studies (McIver and Loomis 1993, Wright et al. 2000, Kay and Rissling 2005), our data showed a 
strong correlation between task and size, with thatch movers larger than pupal casing movers, which 
are in turn larger than honeydew foragers. One possible reason for this may be a difference in mass of 
thatch, pupal casings, and the honeydew being collected, however, this explanation is purely 
speculative at this point in time. Among those ants tending homopterans, we found significant size 
differences between ants collected from black oak trees and those collected from juniper trees, with the 
ants harvesting honeydew on black oak larger than those on juniper. Some possible factors to consider 
in further study include tree height and, if possible to determine, what species of homoptera are being 
tended.  
 The results of the aggression tests between nest 1 and the other F. obsuripes nests found 
suggests that six of the nest found nearby may be closely related since they showed no aggression 
toward each other. That the nest in Old Field also showed no aggression with nest 1 leads us to 
speculate that one super colony may exist through much of the George Reserve while another colony 
may be within the field area outside, where nests 3 and 4 were located. More thorough pair-wise 
investigation of  aggression between nests in and around the George Reserve would help shed light on 
the relatedness of the various Formica obscuripes nests in the area and might provide clues to the 
history of their spread and propagation. 
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THE HUMBLE BUMBLE:  
POLLINATION PREFRENCES OF BOMBUS SP. FOR  INVASIVE CENTAUREA   

 
LEAH MURRAY, BEATRIZ ORTIZ, MARIA RIOLO, PAUL GLAUM, ALEX 

TAYLOR 
 
 

The purpose of this field study was to look for patterns between the pollinators 
and flowering species in prairie fields of George Reserve through observations 
of sample plots. We found no relation between amount of floral cover in the 
plots and amount of visits pollinators made. The most common pollinator seen 
was the bumblebee Bombus sp., which preferentially pollinated the invasive 
Common Knapweed Centaurea sp. and Canadian Goldenrod Soladago 
canadensis. Ironically, Bombus were not seen pollinating the native blazing star 
Liatrus sp. In previous similar studies in the same area Honey Bees Apis sp. 
were commonly found. This may be due to Colony Collapse Disorder, a 
phenomenon of which worker bees disappear from the colony.    

 
 

INTRODUCTION 
 

 Insect-mediated pollination is crucial to the healthy gene flow in flowering plant 
populations (Daily 1997).  This ecosystem service is in danger due to the recent declines 
in pollinators, notably bee populations. Natural and semi-natural areas are diminishing 
due to human-related impacts (Westphal 2003). Globalization has caused the onslaught of 
invasive species; such as spotted knapweed Centaurea, which can proliferate and alter 
the landscape (Chittka 1997). Centaurea is also thought to have allelopathic properties, 
inhibiting other plants to grow in its area.  
 Beyond being allelopathic, competition for pollinator services of invasive plants 
such as Centaurea may also reduce the reproductive capacity of native plants (Brown et 
al., 2002). The foraging strategies of these pollinators, specifically bees, rely heavily on 
the density and diversity of flowering plants in the colony’s range (Jones 2001). They 
often limit their visits to a specific species of plant and/or location of greatest favorable 
return, in a tendency termed “consistency” (Waser 1986, Chittka et al. 2001). This is 
accounted for by the fact that bees have a short-term memory, so if a bee has received a 
significant reward from a pollen source, it is likely that it would visit another flower of 
the same species soon after (Ishii 2006). But when that pollen source ‘dries up’, the bee 
has to find another species; one of greater reward while the recollection of the once 
fruitful flower had already slipped from its memory. This short-term memory is 
beneficial since plant species flower at different times; this helps the bees to receive a 
maximum return (Waser 1986). 
 Colony Collapse Disorder, first observed in the winter of 2006 with large-scale 
losses of managed honeybees Apis mellifera is still a serious threat (VanEngelsdorp et al. 
2009). These factors have serious consequences for the present-day pollinators, as fewer 
native species with which they had evolved are diminishing. We wanted to look at a 
natural area still intact to observe the dynamics between pollinators and pollen sources. 
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 In this study, we investigate rates of pollination visits in a natural prairie area of the 
E.S. George reserve containing a heterogeneous mixture of genera in the Asteraceae 
family; Centaurea, Soladago, Liatris and Aster. A previous study by Sedio et al. in the 
winter after the first onslaught of CCD, showed the most common pollinators in the area 
to be the Bumblebee (Bombus) and the Honeybee (Apis mellifera) (Williams et al. 1991, 
Sedio et al., 2007). Our question was threefold: (1) Because of this recent decline of bees 
due to CCD, have the species in the reserve changed? (2) Do the number of pollinators 
increase in increased area of floral cover and do they show a preference to a certain 
species of flower? (3) Has the invasive Centaurea sp. shown allelopathy, thus creating a 
monoculture of itself?  
 

METHODS 
 

 On September 24, 2011 between the hours of 9:15 am and 11:45 am, 9 plots of 
dimensions 2m x 2m were selected in a Soladago and Centaurea dominated prairie patch 
in an oak‐hickory savannah at the 1500‐acre E.S. George Biological Reserve.  The first 6 
plot locations were decided in a random manner, by spinning the degree measurer on a 
compass with eyes closed and then walking 20 m in the direction of the red arrow.  From 
this newly created site, we did the same procedure again and created 4 more similar plots 
for a total of 5 plots created at random.   After creating 6 plots using this random process, 
3 additional plots were chosen haphazardly to obtain a gradient of plant diversity and 
density.   

We identified the flowering species in each plot and found four different genera, 
all members the Asteraceae family, and assessed the area of floral cover of each species. 
Each plot had a different density of floral cover and level of heterogeneity of species. To 
obtain this number we counted the individual flowers in the inflorescence and measured 
area of the entire inflorescence for 3 random individuals of each species.  We used the 
average of these three individuals as a way to obtain a ‘species representative’. To obtain 
floral resource density and diversity, we counted the number of individuals of each 
species of flowering plant in each plot, and used the area obtained from our ‘species 
representative’ to assess the total area of each plot.  We observed pollinator visitations in 
each plot for a total of 30 minutes and recorded which morpho-species of pollinators 
visited and the number of visitations made to each plant species.  From this we made a 
bipartate network of pollinators and flowers with edges weighted by the total number of 
visits observed. 
 

RESULTS 
 
 The invasive Centaurea received the most activity from pollinators, followed by 
Soladago canadensis, Soladago rigida and finally Aster sp., Bombus was the most 
common pollinator observed (Figure 1).  We observed no relationship between area of 
floral cover and number of pollinator visits (Figure 2).  There was a negative trend 
between number of Centaurea per plot and pollinator visits (Figure 3). Adversely, We 
observed a positive trend between the number of Soladago rigida per plot and pollinator 
visits.  Next we looked at the relationship between Centaurea and Soladago rigida in 
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each plot, we found a negative relationship between the two species (Figure 5). 
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Figure	  1:	  Network	  of	  flowers	  and	  pollinators	  in	  total	  plots	  surveyed,	  the	  thicker	  the	  line,	  the	  more	  activity	  that	  
occurred. 
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Figure 2: Total visits vs. total floral cover  

	  
 
Figure 3: The area of S. rigida vs. the total visits by pollinators over a period of 30 minutes.  The visits 
from pollinators increased as S. rigida cover increased. 
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Figure 4: The total amount of Knapweed (Centaurea) vs. the total visits from pollinators.  As the 
Knapweed increases the total visits from pollinators decreases. 

	  
 
Figure 5: Graph shows total area of S. rigida compared to Centaurea.   Greater density of Centaurea	  
corresponds	  to	  lower	  S	  rigida	  density.	  
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DISCUSSION 
 
  
	   Our original hypothesis was that floral abundance at a particular 2m x 2m plot was 
related to rate of pollinator visits, and our results were inconclusive with regard to this 
point (Figure 2). This is most likely on account of the scale used; we measured multiple 
small plots, but many were likely in the range of the same colonies. The data we did 
collect, however, pointed to a few other fascinating ecological patterns. In 2007, Sedio et 
al. found that Bombus individuals switched species of flowering plant 17.99% of the 
time, Exotic Apis honeybees, however, adhered to the native Solidago without exception.   
 
 We observed that increased knapweed in a particular plot was negatively 
correlated with goldenrod abundance, which fits with previous literature suggesting 
allelopathy in knapweed (Figure 5). This ended up having an important effect on overall 
pollination visits, as the goldenrod was the preferred pollination target (Figure 4). It's 
quite possible that a field overrun by knapweed would have less total floral cover and 
thus starve pollinators (Figure 3). An interesting question for further study is the relative 
abundance of pollen in goldenrod and knapweed. From the point of view of the ecology 
of knapweed invasion, the pollinator preference of knapweed over the native purple star-
thistle suggests a mechanism for the expansion of knapweed territory and the expense of 
its native counterpart - the knapweed may be reproductively outcompeting the native 
Liatris. Likewise, The 2007 study found only two visits to the Liatris by Bombus.  

 
But one of the most significant single observations regarded a more naturalized 

invasive species - there was a complete lack of honeybees in the field over the course of 
observation (Figure 1). Historically, this is highly unusual in the E.S George Reserve, and 
points to the devastating effect of colony collapse disorder. It is unclear to what degree 
this sudden absence will affect gene flow of flowering plants in the field, or whether 
native bumblebees can compensate for the decrease of other species such as Apis.  It is 
interesting, however, how the non-native Apis honeybees adhered strickly to the native 
Solidago in 2007.  As the invasive species of Centaurea has moved in, it may have 
threatened the resources of pollen they had adapted to.  In either case, cases of Colony 
Collapse are not new, for example, a collapse of bees known as ‘May Disease’ occurred 
years in Colorado from 1891-1896. The cause of that outbreak was probably due to a 
fungus, and the current CCD is much more complicated as several different sources are 
thought to be involved (vanEngelsdorp, 2009). 
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ARE YOU GOING TO EAT THAT? DIET OVERLAP OF NATIVE GREAT LAKES FISH 
SPECIES AND INVASIVE ROUND GOBIES (NEOGOBIUS MELANOSTOMUS) 

 
ERIN BURKETT, RYAN HOM, ALLISON INJAIAN, ALEX MOORE, AND MARIA RIOLO 

 
ABSTRACT 

 
 Anthropogenic introduction of non-native aquatic species has occurred in 
the Great Lakes over the past two hundred years. Invasive aquatic species can 
displace native species that share habitat preferences and diet requirements, 
resulting in fewer instances of foraging niche partitioning. In the 1990s non-native 
round gobies (Neogobius melanostomus) were discovered in Lake St. Clair, MI. 
Since its introduction, this aggressive species has displaced many native bottom-
dwelling species throughout the Great Lakes and associated river channels. In 
order to determine if diet overlap exists between native Great Lakes fish species 
and invasive gobies, we examined the stomach contents of three native fish 
species: bluegill (Lepomis macrochirus), pumpkinseed (Lepomis gibbosus), and 
rock bass (Ambloplites rupestris), and compared them with the stomach contents 
of invasive round gobies. All fish included in the study were collected near the 
mouth of the Huron River and Lake Erie in Flat Rock and Rockwood, MI on 
October 15, 2011. We used two seine nets at five different sampling sites to 
collect a sufficient representation of both gobies and native fish species that 
occupy the Lake Erie basin. Significant diet overlap was found between small 
blue gills and round gobies, which suggests that native bluegills are at risk of 
extinction due to foraging habitat overlap with invasive round gobies.  
 

INTRODUCTION 
 

 The Laurentian Great Lakes have experienced multiple bouts of non-native species 
introductions over the past nearly two hundred years (Jake Vander Zanden et al. 2010, Jude 
personal communication). Some of the more notable introduced species include the alewife 
(Alosa pseudoharengus), sea lamprey (Petromyzon marinus), and zebra mussel (Dreissena 
polymorpha). Many of these introductions were accidental, resulting from the ability of pelagic 
maturity stages of each species to survive and travel within the ballast water of large cargo 
vessels. These ships utilize trade routes connecting the Atlantic Ocean to the Great Lakes via 
canal systems such as the Welland Canal, which connects the Atlantic system to Lake Erie. Once 
a species enters Lake Erie, it can subsequently spread to other Great Lakes through the Detroit 
and Lake St. Clair River systems (Jake Vander Zanden et al. 2010, Jude personal 
communication). Aside from the ecological implications associated with invasive aquatic 
species' presence in the Great Lakes, management of these species has cost billions of dollars in 
eradication and population control methods (Beardsley 2006). 
 Round gobies (Neogobius melanostomus) and tubenose gobies (Proterorhinus 
marmoratus) were first discovered in the Great Lakes in the St. Clair River in 1990 (Jude et al. 
1992).  Both of these species are native to the Black and Caspian Seas region, but since their 
discovery have become well established throughout the Great Lakes (Jude et al. 1992, Raloff 
1999). Because the foraging niche of the Gobiidae family mirrors that of native bottom-dwelling 
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species, sculpins and other native fish, in particular the mottled sculpin (Cottus bairdii), darters 
(Ethesstorna spp.) and logperch (Percina capaodes) were immediately identified as at risk of 
prey competition and direct predation by the round goby (Jude et al. 1992).  
 Round gobies outcompete native fish through repeated spawning during one breeding 
season, high energetic investment by males in egg protection (Meunier et al. 2009), viable 
dispersal strategies (Bronnenhuber et al. 2011), and efficient, generalist foraging strategies (Côté 
and Reynolds 2002, Meunier et al. 2009). Male parental care of eggs combined with an extended 
spawning season that ranges from early spring through the summer results in high fecundity 
(Meunier et al. 2009). Additionally, round gobies use a combination of short distance diffusion 
and long-distance dispersal to successfully expand their range and occupy river environments 
that are connected to the Great Lakes basin (Bronnenhuber et al. 2011). 
 In order to determine if round gobies within the Lake Erie basin are competing with 
native fish species for specific prey items, we collected both the invasive and native fish in the 
Huron River and compared their stomach contents. If their stomach contents were independent of 
one another we could assume that their diets do not overlap and that the outcompeting of native 
fish species by invasive gobies is due to other factors such as direct predation or reproductive 
habitat overlap. Similar studies that were conducted over past field seasons suggest that we 
would expect to see diet overlap between bluegill (Lepomis macrochirus) and black bullhead 
(Ameiurus melas) (Haghighat et al. 2010). 
 

MATERIALS AND METHODS 
 

 The Huron River flows through several cities in Southeast Michigan before emptying into 
Lake Erie. We sampled at five public access locations along the Huron River, including sites in 
both Flat Rock and Rockwood, Michigan. These sites were chosen based on the preferred 
foraging habitat of the round goby, which often consists of rocky substrate and some vegetative 
cover (David Jude, personal communication). At each site, two seine nets were placed 
approximately 3 meters from the shore and then retrieved. From each seine we collected 
tubenose gobies (Proterohinus semilunaris), round gobies (Meogobius melanostomus), yellow 
bullheads (Ameiurus natalis), green sunfish (Lepomis cyanellus), pumpkinseed sunfish (Lepomis 
gibbosus), rock bass (Ambloplites rupestris), and bluegills (Lepomis macrochirus). Sampled 
species were bagged and placed on ice to prevent digestion from occurring prior to our analysis. 
Although we did not focus our sampling or analysis on these species, we also collected bluntnose 
minnows (Pimephales notatus), smallmouth bass (Micropterus dolomieu), largemouth bass 
(Micropterus salmoides), spotfin shiners (Notropis spilopterus), spottail shiners (Notropis 
hudsonius), white perch (Morone americana), gizzard shads (Dorosoma cepedianum), and brook 
silversides (Labidesthes sicculus).  
 After each site was sampled, we divided our catch first by species and then into distinct 
size classes, with five fish in each class. The total length of individual fish within each class was 
recorded, and the fish was dissected to determine sex, reproductive condition, and for analysis of 
stomach contents. If the stomachs were empty, only length and sex measurements were taken. If 
the stomachs contained recognizable contents, dissecting microscopes were used to determine 
what the contents consisted of, the proportions of the contents, and the total mass of the pre-
digested material.  
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RESULTS 
 
 In order to allow comparison between size classes, we restricted our dietary comparisons 
to those species of which we collected at least fifteen individuals: bluegill (abbreviated BG), 
pumpkinseed (PS), rock bass (RB), and round goby (RG). In addition to these four species, we 
also found smaller numbers of tubenose goby, bluntnose minnow, yellow bullhead, green 
sunfish, gizzard shad, brook silverside, smallmouth bass, largemouth bass, spotfin shiner, spottail 
shiner, white perch, log perch, and northern pike.  
 We took fifteen specimens of each of our species of study and divided them into three 
size classes each made up of five fish. The actual sizes of the fish in each category depended on 
species (Table 1). The diet of round gobies of all sizes was composed primarily of Chironomids, 
with some additional insect parts that we were unable to identify (Figure 1).  Small bluegills 
overlapped significantly (Schoener’s index > 0.6) with both small and medium round gobies, 
while small rock bass had significant overlap with large round gobies (Figure 2 and Table 2). 
When we aggregated size classes and compared by species, only bluegills and round gobies 
showed significant diet overlap (Figure 3 and Table 3).  
 
Table 1: Sizes of bottom, middle, and largest third of each fish species compared. 

Species Small Medium Large 
bluegill 0 – 36.0 mm 36.1-55.0 mm > 55.0 mm 

pumpkinseed 0 – 76.0 mm 76.1-90.0 mm > 90.0 mm 
rock bass 0 – 58.0 mm 58.1 – 98.0 mm > 98.0 mm 

round goby 0-40.0 mm 44.1 – 47.0 mm > 47.0 mm 
 
Figure 1: Diet composition of each size class of each species. 
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Figure 2: Bar plot visualization of Schoener’s index indicating diet overlap between size classes of each species. A 
Schoener’s index of over 0.6 is conventionally taken to be significant 
overlap.
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Table 2: Table of Schoener’s index indicating diet overlap between size classes of each species. A Schoener’s index 
of over 0.6 is conventionally taken to be significant overlap. 

Bluegill Pumpkinseed Rock bass Round Goby  
S M L S M L S M L S M L 

S             
M 0            

BG 

L 0.4 0.4           
S 0 0.75 0.2          
M 0 0.75 0.2 0.75         

PS 

L 0 0 0 0 0        
S 0.2 0.6 0.4 0.6 0.8 0       
M 0 0 0.2 0 0 0 0      

RB 

L 0.03 0.11 0.13 0.11 0.15 0 0.18 0     
S 0.67 0.33 0.6 0.33 0.33 0 0.53 0 0.13    
M 1 0 0.4 0 0 0 0.2 0 0.03 0.67   

RG 

L 0.57 0.43 0.6 0.43 0.43 0 0.63 0 0.13 0.90 0.57  
 
Figure 3: Bar plot visualization of Schoener’s index of diet overlap between species (size classes combined). Only 
bluegill and round goby had significant overlap by this measure. 
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Table 3: Table of Schoener’s index of overlap between species (size classes combined). Only bluegill and round 
goby had significant overlap by this measure. 
 Bluegill Pumpkinseed Rock bass 
Pumpkinseed 0.36   
Rock bass 0.17 0.17  
Round goby 0.65 0.33 0.16 

 
DISCUSSION 

 
 Although morphological and behavioral differences between species often facilitate 
coexistence through partitioning of resources, analysis of stomach contents in this study suggests 
that medium-sized round gobies and small-sized bluegill are competing for the same resources 
(Table 3). Bluegill fry are pelagic; however the fry migrate to the littoral zone to seek vegetative 
cover for several years (Werner and Hall 1988). The behavioral switch of bluegill causes habitat 
overlap with round gobies, which normally resides in covered rocky shoals or gravel (Raloff 
1999). This coexistence of the two species within similar habitats supports our finding of diet 
overlap between medium-sized round gobies and small-sized bluegill (Chipps 2004).	  
	   Round	  gobies	  have spread rapidly through the Great Lakes since arriving over a decade 
ago, putting pressure on native species that occupy the same niche (Jude et al. 1992). The round 
goby is a fierce competitor due to its high fecundity, insatiable diet and tendency to eat eggs of 
competitor species, and ability to outcompete other species for a habitat (Côté and Reynolds 
2002). The complete diet overlap found between medium-sized round goby and small-sized 
bluegill could be a predictor for a future decline in density of the native bluegill.  This process 
has been seen before between round gobies and Cottus bairdii (mottled sculpin) - of which only 
one was found during this study (Harder 2001).	  
 From 1992 to 1999, round gobies extricated mottled sculpins by outcompeting them for 
food, eating their eggs and claiming nesting sites (Raloff 1999). Round gobies can thrive on a 
varied diet, eating the highly abundant and invasive zebra mussels that mottled sculpins and 
other native species have not yet adapted to feed on (Raloff 1999). Further, it is unknown if 
predators of mottled sculpins can hunt round gobies as efficiently, thus giving the invasive 
another advantage (Harder 2001). Overall, this study shed light on another possible change in the 
Great Lakes ecosystem caused by niche overlap of a native, bluegills, and an invasive species, 
round gobies. Future studies should track population densities of bluegills and check for possible 
decline. 
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EFFECT OF VITIS RIPARIA AND VITIS AESTIVALIS ON ELAEAGNUS UMBELLATA 
 

BEATRIZ OTERO-JIMÉNEZ, MARIE BEAUDOIN, RYAN HOM, KEVIN LI AND ALEX 
TAYLOR 

 
ABSTRACT 

 
Humans have aided the dispersal of many animals and plant species around 
the world. These introduced non-native species are known as invasive species. 
The effects of these species on their new environments include the 
displacement of native species and changes in nutrient cycles in the 
ecosystem. The development of invasive species management plans is very 
complicated and the effects these plans can have on the native community can 
be devastating. For these reason the capability of the native species being able 
to displace or compete against invasive species is really important. We 
examined if wild grape vines (Vitis riparia and Vitis aestivalis) are affecting 
Elaeagnus umbellata survival, and thus displacing this invasive species from 
the environment. Our results show a moderate effect of Vitis spp on the 
fecundity or fruit productivity in E. umbellata especially in closed canopy 
areas. Even though, Vitis spp are affecting the productivity of E. umbellata its 
effect is not enough and other management measures will be necessary to 
displace this species from the environment. 

 
INTRODUCTION 

 
Historically humans have facilitated the movement of species through natural barriers 

(Pimentel et al. 2000, Mooney and Cleland 2001, Hulmes 2009). Introduction of these non-
native species has been important for the development of agriculture and survival of many 
cultures. However, in recent years the rate of introduction of new species has increased 
dramatically (Hulmes 2009) and their effects on most ecosystems has been devastating. These 
introduced species of flora and/or fauna are also known as invasive species. According to the 
United State Executive Order 13112 invasive species are defined as; (1) non-native (or alien) to 
the ecosystem under consideration and (2) whose introduction causes or is likely to cause 
economic or environmental harm or harm to human health. 

The effects of invasive species on local ecosystems have gained a lot of attention among 
ecologist in recent years. Some of the most common effects of non-native species on their new 
environments are: displacement of native species, changes in geomorphological processes, 
hydrological cycling, disturbance regimes and resource competition (Gordon 1998). 
Management of invasive species is often dealt with similarly to pest control using one of these 
mechanisms; quarantines, eradication, containment or suppression. Management of these species 
is done using different methods ranging from chemical control and mechanical removal to 
biological controls. On the other hand, it is important to take into consideration the effect these 
practices may have on the native ecosystem. It has been shown that removal of invasive species 
may have detrimental effects on the native community (Zaveleta et al. 2001) and also has a 
strong effect on the economy representing around 120 billion dollar annual cost to the United 
States (Pimentel et al. 2004). 
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Some studies have shown that native plant species can be successful competitors for 
invasive species in their new environment depending on the native species developmental stage 
and special distribution (Sher et al. 2000, Barrat-Segretain 2005). A similar pattern was observed 
by John Vandermeer in the E. S. George Reserve in Michigan, where V. riparia and V. aestivalis 
(native) appear to have a detrimental effect on E. umbellata (invasive) (personal communication). 
Vitis riparia and Vitis aestivalis are native vines to our study area in Livingston County, 
Michigan. Vines have been known to limit resources available to their host above- and below 
ground (Llorens and Leishman 2008). E. umbellata is a nitrogen fixing perennial shrub originally 
from Asia and commonly found in disturbed habitats (Szafoni 1990, Orr et al. 2005). It was 
introduced to the United States from Japan around the year 1830 for uses as an ornamental plant, 
erosion control and for wildlife habitat (Szafoni 1990, USDA) and has spread throughout the 
continent. Autumn olive has dispersed very rapidly due to its high fruit productivity and ability 
to grow on disturbed and low nutrient environments (Szafoni 1990). Some of the effects this 
plant has had on the invaded ecosystems include: affects the nitrogen cycle of the native 
community, displacement of native species and it creates heavy shading that suppresses native 
plant growth (USDA).  

We wanted to conduct a systematic study of the effect of Vitis spp on the survival of E. 
umbellata. We examined E. umbellata individuals with and without Vitis spp and also compared 
individuals in closed and open canopy. Since E. umbellata is known to prefer open environments 
with high sun exposure we wanted to determine if the effect of Vitis spp on the plant varied 
among differences in sun exposure. We expect that the presence of Vitis spp will have a negative 
effect on the survival of Elaeagnus umbellata and that individuals in closed canopy areas will be 
greater affected by Vitis spp due to E. umbellata’s disadvantage in this environment. 	  

.	  

MATERIALS AND METHODS 
 
Study site 
 

Our study was conducted in the E.S. George Reserve, located in Livingston County, 
Michigan (approximately 42° 28' N, -84° 00' W) during October 2, 2011. The reserve consists of 
525 ha of moraine and basin topography. Terrestrial vegetation is dominated by grassland and 
woodland forest (Werner et al. 2007). Annual precipitation for the area is approximately 30 in 
and temperature ranges from 22°F (January) to 72°F (July).  
 
Sampling method 
 

Specimens were sampled from 9 locations inside the reserve (Appendix 1). We sampled a 
total of 48 E. umbellata, of which 24 had V. riparia and V. aestivalis present and 24 did not. E. 
umbellata plants had at least one stem more than 3cm wide in order to be included in the 
sampling. Half of the sample individuals were located in open canopy areas and the other half in 
closed canopy sites. For individuals with presence of Vitis spp we measured height, fruit 
productivity, foliage cover and canopy covered by Vitis spp. Height approximation was obtained 
by sight. We measured fruit productivity on a scale from 0 to 4, where 0 represented individuals 
with no fruits at the time and 4 individuals with more than ½ of the plant covered in fruit. 
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Foliage cover was obtained by counting the amount of leaves in a branch in contact with Vitis 
spp and a branch (on the same individual) that was not in contact with Vitis spp.  Canopy 
covered by Vitis spp for each E. umbellata individual was obtained by taking the average of the 
observed percent covered from each team member. For E. umbellata individuals with out Vitis 
spp presence we measures; height, fruit productivity and foliage cover (only one branch).  
 
Statistical Analyses 
 

Data for foliage cover, height and fruit productivity between E. umbellata individuals 
with and without Vitis spp and between individuals in closed and open canopy was analyzed with 
a two-way ANOVA. Foliage cover (under Vitis spp.) and percent canopy cover data for E. 
umbellata individuals with Vitis spp in closed and open canopy was analyzed using a student t-
test. All statistical analyzes were preformed using SPSS version (SPSS Inc., Chicago IL).  
 

RESULTS 

Our results show no difference in fruit productivity (Fig. 1a) and height (Fig. 1b) between E. 
umbellata with and without Vitis spp, between individuals in open and closed canopy and no 
interaction between these two variables (presence of Vitis and closed or open canopy) (Table 1).

Figure 1. (a) Average fruit density and (b) height for E. umbellata individuals with (G) and without (N) Vitis spp in 
open (O) and closed (S) canopy sites.
 
   a)     b)  

 

 

 

 

 

 

Table 1.  P-values for two-way ANOVA analysis of fruit productivity, outer foliage and height data. 

  P-value 

Variable 
Vitis spp vs. 
No Vitis spp 

Open vs. 
closed 
canopy Interaction 

Fruit 
Productivity 0.56 0.18 0.85 

Outer Foliage 0.49 0.23 0.94 
Height 0.87 0.33 0.26 

223



 

Foliage cover for branches in contact with Vitis spp in open canopy areas was higher 
when compared to individuals in closed canopy (P= 0.015; Fig. 2). Also, foliage cover was 
higher for E. umbellata individuals without Vitis spp present when compared to foliage cover of 
branches in contact with Vitis spp (P= 0.013; Fig. 2). On the other hand, foliage cover did not 
differ between branches outside the Vitis spp cover and that of the E. umbellata individuals 
without Vitis spp (P= 0.49; Table 1, Fig. 2). Results also show a trend for percent canopy 
covered of E. umbellata individuals by Vitis spp, where percent cover was higher on individuals 
located in closed canopy areas (P= 0.51; Fig. 3).  

 

Figure 2. Average foliage cover of E. umbellata individuals under Vitis spp in open (O) and closed (S) canopy areas. 
  

 
Figure 3. Average percent canopy cover by Vitis spp for E. umbellata individuals in open (O) and closed (S) canopy 
areas. 

 

DISCUSSION 

 Exotic species often become invasive, or harmful to the ecosystem they enter, through 
high rates of proliferation of the kind Elaeagnus umbellata exhibits. Two hypotheses point to 
biotic forces that play into the success of an invader - the natural enemies and biotic resistance 
hypotheses (Maron 2001). The high survival rate and fecundity in exotic organisms is frequently 
a result of the species being released from its natural enemies, such as competitors, parasites or 
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predators (Mitchell et al 2006). According to the biotic resistance hypothesis, invaders' 
acquisition of new native enemies in their expanded range can control their populations in a 
density-dependent fashion, limiting the extent of ecological damage that invader wreaks 
(Mitchell 2003). In this study, we investigated whether the biotic interaction of Vitis spp. and E. 
umbellata was a case of native biotic resistance. 

 E. umbellata has been a prolific invader in the E.S George Reserve over the last few 
decades, growing in both field and forest. Our data clearly shows that Vitis spp. is growing on the 
E. umbellata consistently around the E.S. George Reserve; it is unclear whether this vine is 
having a negative impact on its fitness. We found a weak trend of grapevine cover negatively 
impacting E. umbellata fecundity, but no significant, measurable effects on fitness. Further study 
is warranted, however, as we found different effects of grapevine on E. umbellata in the two 
habitats we studied - forest and field. Our data suggested that the effect that Vitis had on the 
photosynthetic ability of the E. umbellata was far more pronounced in the forest than in the field. 
This could be due to the fact that of E. umbellata is relatively shade-intolerant, and thus is just a 
weaker competitor and less able to grow above the Vitis. Alternatively, the forest might present a 
habitat with greater "biotic resistance" in the form of large, robust grapevines already present on 
larger trees they don't harm. 

 If Vitis is indeed taking on the role of E. umbellata parasite, it would have a major impact 
on the procession of invasion. The line between mutualism and parasitism can be slippery, with 
species going back and forth from parasite to commensalist to mutualist within a few generations 
(Neuhauser 2004). Many lianas and vines appear to grow without harming their host plant; 
others, such as Kudzu, clearly have a deleterious effect. This investigation found little evidence 
of Vitis parasitism, but the study was small, the interaction seems to be complicated by habitat, 
and the relationship between the two plants is evolutionarily young. However, from a land 
management perspective, since the grapevines that had impact on E. umbellata were already 
fairly old and large, it is unlikely that planting small grapevines on E. umbellata would have 
much of an effect on its growth. 
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Appendix 1. GPS coordinates for sample sites in the E. S. George Reserve Livingston County, 
Michigan. 

Latitude  Longitude 
42.458 -84.014 
42.461 -84.001 
42.457 -84.013 
42.452 -84.017 
42.462 -84.011 
42.456 -84.012 
42.458 -83.998 
42.455 -84.016 
42.449 -84.017 
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CAUGHT IN THE ACT: BARBERRY ON THE BIG SWAMP ISLANDS 
 

KEVIN LI, ANNA ARIAS, MARCELLA BAIZ, ANAT BELASEN, ALEX BROOK 
TAYLOR, JOHN VANDERMEER 

 
ABSTRACT 

Japanese barberry, Berberis thunbergii, is an invasive forest shrub that forms 
dense thickets on the forest floor, often changing the forest floor community and 
altering soil properties.  Barberry have formed such thickets on the forest floor of 
the E.S. George Reserve, but are still in the process of colonizing the islands of 
the Big Swamp.  In a continuation of a census conducted in 2010, this study 
examined the growth and recruitment of barberry on three of the islands censused 
last year.  We found that the number of barberry seedlings increased, and existing 
barberry remained the same size or grew larger.  However, we did not find 
evidence of tip-rooting, a form of vegetative reproduction that is prevalent on the 
mainland.  It appears that Japanese barberry on the Big Swamp Islands reproduce 
mainly through bird-dispersed seeds and not vegetatively as previously thought.  
Barberry may also be affected negatively by the presence of black huckleberry, 
Gaylussacia baccata. 

 
INTRODUCTION 

 
Introduced species that take on aggressive characteristics in their new ecosystem can alter 

community dynamics, introduce disease, and create economic problems (Vitousek et al. 1996).  
Vitousek et al. predict that invasive species are, and will continue to be, the greatest threat to 
biodiversity in North American forest ecosystems (1996).   

The Japanese barberry is an introduced forest shrub species that was brought to the 
northeastern United States in the late 1800s.  It has since become an invasive species, ranging 
from the east coast to Wyoming, existing in a variety of forest types and habitats, from wetlands 
to xeric uplands (Ehrenfeld et al. 1999).  Barberry forms dense thickets on the forest floor, where 
there is often low presence of native shrub species such as Vaccinium sp. (Kourtev et al. 1998).  
Areas below Japanese barberry plants have been shown to have altered levels of nitrate and 
increased invasive earthworm activity (Kourtev et al. 1999) 

Japanese barberry produces red berries that are dispersed by birds.  These berries mature 
in September, but often remain on branches through the winter and well into spring, an indicator 
of their low nutritional content and low preference by passerine birds (Ehrenfeld et al. 1999).  
Barberry plants are multi-stemmed, originating from a single root collar, which may send out 
rhizomes or stolons from which new shoots may also arise.  “Tip-rooting” vegetative 
reproduction also occurs, when long, recumbent stems touch the ground 1-2 m from the base and 
take root.  These multiple modes of reproduction make Japanese barberry difficult to eradicate, 
since different stages of the barberry’s life history present different methods of spreading.  
Ehrenfeld et al. found that Japanese barberry has a very low mortality rate once plants are able to 
produce three stems, and that the majority of stem density in an area is from these smaller plants.  
Larger barberry plants provide the largest source of seeds (Ehrenfeld et al. 1999), but seed 
dispersal is heavily localized within a short distance of the source plant (Silander & Klepeis 
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1999).  Both stem and seed production are influenced by light, but some stem growth and seed 
production still occur at low light levels (Silander & Klepeis 1999). 

Our study examined Japanese barberry process of first colonization by looking at 
dispersal and growth of plants on relatively isolated islands in the Big Swamp of the E.S. George 
Reserve.  This study was a continuation of a study conducted the previous year, and thus was 
able to make comparisons in Japanese barberry recruitment and growth over the past year.  The 
three islands compared between these two studies represent areas that are interpreted to be in 
various stages of barberry invasion, ranging from containing no individuals to around 30.  By 
examining changes in number of new seedlings and resprouts from tip-rooting, we hope to 
understand the main method of spreading that barberry uses when invading a new area.  Based 
on observations of large barberry thickets on the mainland, we predicted that the individuals 
measured on the island last year will have spread vegetatively, forming larger patches of densely 
spaced shrubs.  We also predicted that barberry will not be found in areas containing black 
huckleberry (Gaylussacia baccata), also based on previous observations. 

 
METHODS 

 
We surveyed Japanese barberry in the E.S. George Reserve on October 15, 2011 between 

8am and 2:30pm. The surveys were done on three islands located to the Southeast of the reserve: 
Period Island, Hourglass Island (Northern lobe only), and Little Big Island (Figure 1). Period 
Island is populated with thick huckleberry (Gaylussacia baccata) cover on the forest floor, and 
the canopy is characterized primarily by oak trees. Hourglass Island and Little Big Island have 
higher tree diversity, with several witch hazel and black cherry trees, as well as other deciduous 
trees. On these islands Gaylussacia is present in patches rather than ubiquitously.  

Surveys were conducted along a central transect laid down across each island. Diameter, 
number of berries, distance along transect, distance from transect, and GPS coordinates were 
recorded for each B. thunbergii individual.  Diameter was measured by measuring the distance 
across the canopy of the plant at the widest point.  The transect on Hourglass Island North was 
65 m, and the transect on Little Big Island was 200m.  These transects were approximately the 
length of the island.  
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Figure 1. Locations of islands surveyed within the E.S. George Reserve (Pinckney, MI): A. Period Island, B. 
Hourglass Island (Northern lobe), C. Little Big Island  

 
 

Barberry individuals were plotted over data on individuals found in a 2010 census of the 
same islands for comparison, with distance along the transect serving as the x-coordinate and 
distance from transect as the y-coordinate, with the y-axis equal to zero on the transect.  

 
RESULTS 

 
In our survey of Period Island, we found no individuals of Berberis thunbergii, but we 

did find a large amount of Gaylussacia on the island. On Hourglass and Little Big Island, we 
found similar numbers of large individuals of Berberis thunbergii as the 2010 census (see 
Figures 2 and 3 for a comparison plot of the two years).  We also found more individuals this 
year compared to 2010, particularly those less than 60cm (Figures 4 and 5).  It also appears that 
many of the individuals found on Hourglass Island in 2010 had grown larger when we conducted 
this census.  On Little Big Island, we did not see growth in individuals already more than 150 cm 
in diameter, although those less than 150 cm did seem to grow.  Comparison with the previous 
year’s data actually shows a reduction in size of the five largest individuals, but reviewing the 
locations of these plants between 2010 and 2011(Figure 3) suggests that these points are 
systematic over-measurements, because all of the ‘shrinking’ individuals are located along the 
same side of the transect, apparently measured by the same person.  We concluded that the 
previous year’s large individuals were biased by a systematic error in measurement of these 
points. 

For either island, we observed no instances of vegetative budding by tip-rooting.  This 
was apparent because new seedlings were not located near enough to established individuals 
(within 1m) to have sprouted from tip-rooting. 

Additional data recorded in this study that may aid in future research were the GPS 
coordinates of each plant and the number of berries on each plant (Figure 9). 
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Figure 2: Plot of the location and size of individuals of B. thunbergii on Hourglass Island for 2010 and 2011.  The 
size of the circle is proportional to the size of the individual.  The plot shows that more individuals were found in 
2011. 

	  	  
Figure 3: Plot of the location and size of individuals of B. thunbergii on Little Big Island for 2010 and 2011.  The 
size of the circle is proportional to the size of the individual.  The plot shows that more individuals were found in 
2011.  Note that the five largest 2010 individuals correspond with smaller 2011 individuals.  We believe this to be a 
systematic error in the 2010 measurements. 
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Figure 4. Graph of size of individual B. thunbergii for 2010 and 2011 on Hourglass Island.  The graph shows the 
growth that occurred in the individuals from 2010 to 2011 and the additional individuals less than 60 cm in diameter 
found in 2011.   

 
 
Figure 5. Graph of the individual B. thunbergii ranked by size for 2010 and 2011 for Little Big Island.  The graph 
shows the growth that occurred in some of the individuals from 2010 to 2011 and the additional individuals less than 
60 cm in diameter found in 2011.   
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 The 2010 census also examined the relationship between Huckleberry (Gaylussacia 
baccata) and Japanese barberry.   The previous study found that the estimated coverage of 
Gaylussacia in random plots on the islands was greater than the estimated coverage of 
Gaylussacia in plots with B. thunbergii. Plotting Gaylussacia cover in random spots versus 
Gaylussacia cover near B. thunbergii reveals a negative correlation between Gaylussacia and 
Berberis.   This matches our observations that B. thunbergii was not in areas with high coverage 
of Gaylussacia on the islands.  
 
Figure 5: Scatterplot of percent of Vaccinuim near B. thunbergii vs. percent of Vaccinuim at a random point on the 
Island. The line represents what would be expected distribution of Vaccinuim if there was no effect on B. thunbergii 
The scatterplot shows that the coverage of Vaccinuim was higher at random point at the island as compared to near 
B. thunbergii.  

 
 
 The amount of individual B. thunbergii was different among the islands during the 2010.  
The islands near the Big Woods, which appears to be the origin of B. thunbergii in the reserve, 
tended to have a greater number of individuals than islands further away from the Big Woods, 
except for Hourglass Island South (Figure 7).   
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Figure 7. Map of Big Swamp Island with the number of B. thunbergii on each island shows the trend of more 
individuals on islands near Big Woods except for Hourglass Island South.  
 

 
  
 As a note, the 2010 census observed clustering of Berberis on the islands sampled.  These 
clusters were collected under areas suitable as perching habitats for birds, which would be the 
most likely mode of dispersal for these individuals (Figure 8). 
 
Figure 8.  Map of of Japanese barberry locations on Duloticus Island, Bee Island, Little Big Island (unlabeled), and 
Hourglass Island (Haghighat, unpublished data). 

 

Big	  Woods	  
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We observed a pattern of multiple new barberry genets - the existing barberry bushes 

grew, but did not reproduce vegetatively. This was surprising, since the barberry seems to 
reproduce mostly through vegetative means in the Big Woods, a pattern that is reflected in the 
literature. Previous studies outside of the ESGR found that birds infrequently disperse the berries 
(Ehrenfeld 1999) and that much of barberry’s reproduction is vegetative, especially under 
canopy cover (DAppollonio 2006). Further studies should be performed to determine whether 
the large barberry patches in the Big Woods are really produced by vegetative reproduction. 
Alternatively, birds could be congregating in specific areas, like around Black Cherry trees 
(Prunus serotina) or some other food source, and dispersing seeds in clumps that then grow into 
thickets of multiple genets resembling a single large ramet. 

However, if barberry really does normally reproduce through tip-rooting or collaring, 
then the exceptional case of widespread seed dispersal we found on the islands could be 
accounted for in several ways. The barberry on the islands might just not have reached the age or 
size where they start reproducing vegetatively. The seed dispersal events might be viewed as an 
“exploratory” strategy for barberry in more established areas, such as the Big Woods, to find 
new suitable habitats that cannot be reached by vegetative growth, such as islands. In this 
framework, it is possible that certain bird species prefer the islands, either as refugia from 
predators or competitors, or because of an abundance of huckleberry and Autumn Olive 
(Elaeagnus umbellata), and thus a disproportionately high number of barberry genets are 
dispersed there. Finally, one possible explanation of the unexpected dearth of vegetative 
reproduction could be that the barberry that did reach the island are a “disperser type” that have 
more desirable berries or more durable seeds, and so they are more likely to disperse by seed 
than the Big Woods barberry. 

We also observed that the largest barberries on both islands did not increase much in size, 
while plants under 100cm experienced the most growth.  The lack of growth in large plants may 
be an indicator of some type of limiting environmental factor.  Another study has shown that 
barberry will often experience die-offs in stems accompanied by new growth, effectively 
showing no net growth (Ehrenfeld 1999).  This same study also shows that seedling mortality is 
very high until plants are able to put out three stems.  Greater growth in smaller individuals may 
be part of a strategy to reach this minimum stable size, while larger plants may focus instead on 
maintaining the same size or number of stems. 

In terms of the dynamics of barberry invasion, there seem to be far fewer dense thickets 
forming on the islands than in the Big Woods or other mainland sites. One possible factor of 
biotic resistance to the barberry is the prevalence of huckleberry, an ericoid that acidifies the soil 
and was shown last year to be spatially negatively correlated with barberry. However, the 
barberry invasion in the hummock islands in the Big Swamp has just begun, and it is possible 
that the process has yet to hit a critical point of expansion, for example when the bushes become 
large enough to reproduce vegetatively. Continued surveys documenting the progression of 
barberry invasion on the islands will provide valuable data in understanding the way that 
barberry successfully colonizes new habitats. 
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EARTHWORM ASSEMBLAGES ACROSS AN ESTABLISHMENT GRADIENT OF 
INVASIVE BERBERIS THUNBERGII IN THE BIG WOODS 

 
ERIN BURKETT 

 
ABSTRACT 

 
 Earthworms facilitate leaf litter decomposition, nutrient turnover, and soil 
aeration and formation in temperate forests. Invasive Berberis thunbergii is also 
known to accelerate forest litter decomposition as well as increase soil pH more 
than native forest understory species. Although past research suggests that non-
native earthworms facilitate recruitment of Berberis thunbergii in forests, 
previous studies conducted in the E.S. George Reserve (ESGR) have not explored 
the relationship between the presence of exotic Berberis thunbergii and non-
native earthworm density, biomass, or diversity. In order to shed light on this 
relationship, I compared earthworm density, biomass and diversity in samples 
taken from under Berberis to those taken from under native Hamamelis 
virginiana. Additionally, I compared earthworm diversity and biomass across a 
gradient of Berberis establishment based on clump and individual bush size. Soil 
pH was also compared between sites in order to investigate any correlation 
between soil pH and earthworm biomass. Although overall species diversity was 
equal among samples, there was a significant difference in earthworm biomass 
between invaded and non-invaded sites. Adult earthworms seemed to prefer soil 
beneath Berberis thunbergii to soil under Hamamelis virginiana, suggesting that a 
positive relationship exists between earthworm and Berberis thunbergii density in 
the ESGR. This has implications for invasive species management planning as 
well as for native plant species that may be unable to successfully outcompete 
Berberis in the understory.  
 

INTRODUCTION 
 

 The Wisconsin glaciation during the Pleistocene eliminated native earthworm species 
from the Great Lakes region, but the subsequent introduction of European earthworm species to 
North America by European settlers led to the reestablishment of non-native species throughout 
the entire United States and Canada (Hale et al. 2005, Hendrix and Bohlen 2002). Earthworms 
facilitate soil formation, aeration, drainage, and fertility through the act of ingesting soil and 
ejecting a finer, well-mixed substrate that provides a highly productive medium for other 
organisms (Reynolds 1977, Syers and Springett 1984). As macro-decomposers, earthworms also 
play an important role in facilitating leaf litter decomposition and plant seed dispersal (Regnier et 
al. 2008, Seeber et. al 2006). These processes increase the rate of soil nutrient input as well as a 
substrate medium that not only supports plant life but also provides habitat for microbes and 
other soil-dwelling organisms (Jacob et. al 2009, Veronique et. al 2011).  
 Earthworm reintroduction in the Great Lakes region has altered natural nutrient cycling 
and litter overturn processes in forests, resulting in enhanced soil nitrification rates which enable 
plants to utilize this limited nutrient (Syers and Springett 1984). Members of the Lumbricidae 
family now dominate the earthworm species make-up throughout the Great Lakes region, of 
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which the most notable species is Lumbricus terrestris, the common night crawler (Gates 1976, 
Hendrix and Bohlen 2002, Reynolds 1977). Lumbricus terrestris is perhaps the most widely 
studied earthworm in terms of its distribution and anatomy (Reynolds 1977). This large bodied, 
anecic species accelerates leaf litter decomposition by pulling dead leaves into the soil and 
processing them into smaller particle aggregates (Bouché 1977). 
 Another, more recent wave of non-native species introduction to North America occurred 
in the form of introduced plant species used for landscaping and gardening purposes (Silander 
and Klepeis 1999). Berberis thunbergii (Japanese barberry) was first introduced to the United 
States from Japan in the late 1800s as an ornamental shrub and later for erosion control (Silander 
and Klepeis 1999, Wisconsin DNR 2005). Subsequently this species began to propagate outside 
of controlled landscapes and is now present throughout disturbed Michigan forests (Silander and 
Klepeis 1999). Berberis spreads easily via seed dispersal by birds and herbaceous re-rooting, and 
dense Berberis thickets decrease light availability for understory species and native tree 
seedlings. 
 Berberis thunbergii is known to alter soil pH significantly more than native North 
American understory shrubs (Kourtev et al. 1999). It also accelerates leaf litter decomposition 
rates, which in severe instances can result in the loss of the O soil horizon (Ashton et. al 2005, 
Hale et al. 2005). Kourtev et al. (1999) found higher earthworm densities beneath exotic 
Japanese barberry compared to native blueberry shrubs (Vaccinium spp.) in a North American 
forest. This suggests that increased earthworm activity can facilitate the recruitment of invasive 
plant species to new areas (Nuzzo et al. 2008). Although the spatial distribution of B. thunbergii 
in the E.S. George Reserve is well documented (Cable et. al 2010, Guittar et. al 2010, Haghighat 
2011), prior studies have not investigated the relationship between J. barberry and earthworm 
diversity and biomass. Cotton (2006) observed lower instances of earthworm abundance in the 
absence of B. thunbergii, suggesting a positive relationship between J. barberry density and 
earthworm density. The purpose of this study was to address the following questions: 
1) Are earthworms in the Big Woods aggregating underneath B. thunbergii?  
2) Do certain species prefer soil under B. thunbergii to a random nearby point more than others?  
3) Is earthworm biomass related to B. thunbergii's establishment period?  
4) Does soil pH influence earthworm density?  
 In order to explore these questions I measured earthworm species density, diversity and 
biomass in samples taken from under barberry and compared them to data taken from under a 
neighboring witch hazel (Hamamelis virginiana), a native understory shrub. I also sampled in 
areas of well-established barberry and across an establishment time gradient that was based on 
the clump size of barberry bushes in the Big Woods. The prediction was that samples taken from 
beneath outlying, younger barberry individuals would show a lower earthworm biomass than 
samples taken under barberry that has been in the Big Woods for longer periods of time. In 
addition, I expected to see higher earthworm biomass under barberry than under witch hazel. 
Finally, since B. thunbergii is known to alter soil pH significantly more than native shrubs I 
expected to see higher soil pH levels under B. thunbergii than under witch hazel and a possible 
correlation between soil pH and earthworm density.   
 

METHODS 
 

Study Area 
 The E.S. George Reserve is located in Pinckney, MI. The Big Woods is a mixed forest 
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composed mainly of oaks (Quercus spp.) and hickories (Carya spp.) that makes up part of the 
northeast portion of ESGR. A mixture of black cherry (Prunus serotina), maples (Acer spp.), and 
witch hazel also contribute to its overall make up. The underlying substrate has been influenced 
by the last Wisconsin glaciation and is composed of glacial till (Smith personal communication). 
Earthworms were sampled along three transects within the E.S. George Reserve using the 
mustard powder method outlined by Gunn (1992) and Great Lakes Worm Watch (2011) (Figure 
1). Three samples were taken within each transect along a gradient of B. thunbergii 
establishment that was based on a shrub and clump size data collected by Haghighat (2011). At 
each site a nearby sample was taken at the closest witch hazel tree in order to perform pair wise 
analysis later and account for underlying local soil conditions. The soil pH within each sample 
quadrat was also measured and recorded.  
 

Figure 1: Sampling transects used in the Big Woods, E.S. George Reserve. Circles represent witch hazel and X's 
represent Japanese barberry. Pink circles reflect the location and relative size of Japanese barberry bushes. 
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Species Diversity and Earthworm Biomass 
 I collected all earthworms that came to the surface within the sampling square for five 
minutes after the mustard solution saturated the soil. Each earthworm was collected and 
individual adults were identified using a dichotomous key provided by Great Lakes Worm 
Watch (2011). All earthworms regardless of maturity were then preserved in alcohol in order to 
take post-mortem length measurements and calculate total earthworm biomass within each 
sample. Biomass was calculated using an allometric equation outlined by Hale et al. (2004). 
 

RESULTS 
 

Earthworm Density 
 There was no significant difference in the total number of earthworms found between 
barberry and witch hazel sample sites, although witch hazel sites had more earthworms overall 
than neighboring J. barberry sites (Figure 2). There was also distinct decrease in the total number 
of earthworms collected between transects 1 and 2, and 2 and 3.  
 

Figure 2: Total number of earthworms collected within each transect by nearest shrub species. Light gray bars 
indicate samples taken under J. barberry and dark gray indicates samples taken under witch hazel. 

 
The majority of all earthworms collected across each site type were juveniles (Figure 3). Overall, 
the sample taken from beneath witch hazels that was nearest to large J. barberry clumps had the 
highest mean number of adult earthworms. 
 

Figure 3: Mean number of adult (shown in light gray) and juvenile (shown in dark gray) earthworms found within 
each sample type. JB = J. barberry, WH = witch hazel; SM=Isolated, MED=Medium, LG=Large shrub/clump size. 
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Species Diversity and Biomass 
 Lumbricus terrestris was the most commonly identified adult earthworm species (Figure 
4). Approximately half of collected juveniles were grouped into Lumbricus sp., which represents 
any of five possible species: Lumbricus rubellus, Lumbricus terrestris, Eisenia eiseni, Eiseniella 
tetraedra, or Aporrectodea longa. Juveniles lacking distinguishing characteristics were classified 
as Unknown. Species diversity did not vary by cover species, but the overall number of adult 
earthworms decreased from Berberis to Hamamelis sites. 
 
Figure 4: Species composition by relative percent and cover species. Lumbricus sp. and Unknown refer to juveniles. 

 
 Mean earthworm biomass was 0.04 grams in J. barberry samples and 0.02 grams in witch 
hazel samples (Figure 5). When compared with a t-test, this difference was shown to be 
significant (p=0.04). Although earthworm biomass increased between isolated barberry bushes 
and medium sized barberry clumps, there were no significant differences in mean earthworm 
biomass or species diversity across the three varied barberry densities (Figures 6 and 7). 
 

Figure 5: Mean earthworm biomass by cover species (JB=Japanese barberry, WH=witch hazel), p<0.05 (t-test). 
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Figure 6: Mean earthworm biomass by establishment period (size) of Japanese barberry clump. 

 
Figure 7: Earthworm diversity by Japanese barberry clump size. 
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Soil pH 

 There was no significant difference in soil pH across sample sites. Additionally, there 
was no clear correlation between the total number of species and soil pH (Figure 8).  
 

Figure 8: Species density by soil pH across all sample sites. 

 
 

DISCUSSION 
 
 Although a higher number of total earthworms were found under witch hazel versus 
Japanese barberry, juveniles with low individual biomass values made up the majority of these 
numbers. Larger adult earthworms found under Berberis drove the increase in overall biomass, 
and the significant difference between earthworm biomass under barberry when compared to 
witch hazel supports the hypothesis that adult earthworms are aggregating underneath Berberis 
within the Big Woods. This finding is supported by the work of Cotton (2006) and Kourtev et al. 
(1999) who identified a positive relationship between earthworm biomass and the presence of 
Japanese barberry.  
 Lumbricus terrestris and Aporrectodea tuberculata showed no clear species-preference 
for habitat location (Figure 4). Both A. tuberculata and L. terrestris are known to spread through 
forests after initial invasion by other European earthworms, preventing any recovery of forest 
floor litter due to their anecic foraging strategy and ability to fully process annual litter inputs 
(Hale et al. 2005). In this manner these two species alone could acutely impact forests such as 
the Big Woods in the long term by severely altering forest floor composition. Lumbricus 
terrestris is also known to aggregate as adults, which could partially explain the clustering of 
adult earthworms I found under Berberis (Butt et al. 2003).  
 It is likely that many of the unidentified juvenile earthworms were common night 
crawlers. Lumbricidae earthworms are known to occupy disturbed sites (Kalisz and Dotson 
1989), and Lumbricus terrestris in particular speeds leaf litter decomposition rates (Bouché 
1977), subsequently increasing soil nitrification rates (Jacob et. al 2009, Syers and Springett 
1984, Veronique et. al 2011). Increased earthworm activity could be facilitating the recruitment 
of invasive plant species to new areas by creating optimal growth conditions for J. barberry, 
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which prefers disturbed soils and high soil nitrogen levels (Kourtev et al. 1999, Nuzzo et al. 
2008, Silander and Klepeis 1999). Expanding the study to include additional sample sites, as 
well as collecting only adult earthworms might be useful methods in further exploring specific 
microsite preferences of individual earthworm species in the Big Woods. 
 In terms of establishment period there was no significant difference in earthworm 
biomass between isolated Berberis shrubs and medium or large sized Berberis clumps. Figure 1 
shows that although I sampled under individual J. barberry shrubs, Berberis is prevalent 
throughout the sample site as a whole, and earthworms may not be able to distinguish between 
low or high-density barberry areas. Repeated sampling within a larger sample area or using a 
distance to nearest clump measurement at each isolated barberry shrub could expound this 
relationship further. 
  Although Berberis thunbergii is known to increase soil pH (Kourtev et al. 1999), I did 
not observe a significant difference between pH levels under J. barberry and witch hazel (Figure 
8). The lack of a correlation between earthworm biomass and soil pH and lack of a difference in 
soil pH among all sample sites could be attributed to the fact that soil pH does not vary within 
this small portion of the Big Woods. The pH meter also may not be sensitive enough to detect 
small differences between the soil samples. 
 This pilot study reveals that adult, non-native Lumbricid earthworms within the Big 
Woods are potentially facilitating the spread of Berberis thunbergii. This has implications for 
management of Berberis sp. in temperate forests by increasing the complexity of forest 
understory dynamics. Previous studies cite light availability and seed dispersal by birds as the 
most important non-anthropogenic factors that determine movement facilitation of Berberis sp. 
(Silander and Klepeis 1999). However, the results presented here suggest that non-native 
earthworms also play a key role in the spread of Berberis thunbergii. The combined effects of 
increased litter decomposition and nitrification acceleration by both increased exotic earthworm 
foraging and Berberis could lead to the decreased recruitment success of native understory plant 
species and trees. Further studies could explore this relationship in greater detail by repeating 
earthworm sampling outside the current range of J. barberry within the reserve. This would allow 
for comparison of earthworm density in outlying, non-invaded areas with those that are already 
invaded by J. barberry. Long-term studies could potentially use earthworm biomass as a 
predictor of J. barberry movement throughout the reserve.  
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JAPANESE BARBERRY (BERBERIS THUNBERGII) VS. AUTUMN OLIVE (ELAEAGNUS 
UMBELLATA): AN ASSESSMENT OF INVASIVE INTERACTION ON THE E.S. 

GEORGE RESERVE 
 

ALEX MOORE 
 

ABSTRACT 
 

The ecology and evolutionary biology of invasive species has been the subject 
of growing interest within the last several decades. The question of what makes a 
species successful at invading an environment and what factors make an 
environment susceptible to invasion has been studied repeatedly and for many 
different non-native species. But a question that has been researched less 
thoroughly is how one invasive species may influence the distribution, range, and 
growth of another invasive species. With this study, the question of whether and 
how two invasive species within the same environment influence the range and 
growth patterns of one another. 

 
INTRODUCTION 

 
The ecology and impact of invasive species on native communities as well as their 

resonating effects have been subjects of increasing interest within the last few decades (Alpert et 
al 2000; Davis 2005). Several recent studies have shown that the introduction of invasive species 
and particularly invasive plant species into “pristine” habitats has multidimensional 
consequences, including environmental degradation, alteration of disease occurrence 
predictability, and economic damage (Vitousek et al 1996; Conley et al 2011; Pimental 2005). Of 
the many existing topics related to the ecology of invasive species, both what makes an 
environment prone to invasion and how invaders can be controlled once they’ve become 
established are areas of intense research. Multiple studies, including one published in 2004 by 
Booth and his colleagues, have suggested that the two most important ecological factors that 
make an environment prone to invasion are resource fluctuations and disturbance. Since this find 
was established, considerable effort has been put into the management and prevention of non-
native immigration into un-invaded habitats. Nevertheless, an understanding of the factors that 
influence invasive distribution patterns as well as well-formed eradication management plans are 
lacking. 

Several studies have been able to show that the spread of invasive species is influenced 
by both abiotic and biotic factors, such as light availability, soil richness, native species 
composition, and habitat management practices (With 2002; Neubert, M.G. and Parker, I.M. 
2004; Andrew, M.E. and Ustin, S.L. 2010), but few have focused on how the presence and 
abundance of one invasive species may influence the abundance and distribution of another. 
With this study, the relationship between the distributions of two non-native species in Southeast 
Michigan is assessed.  

The E.S. George Reserve, located in Pinckney, Michigan (Livingston County), is a 1500-
acre natural reserve that has been maintained by the University of Michigan since 1930. The 
reserve consists of several distinct habitat types, including both open canopy fields and densely 
populated forests, and contains more than 50 families of vascular plants. Of the known flora 
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families on the reserve, two of them, Berberidaceae and Elaeagnaceae, contain the reserves most 
prolific invasive species, Japanese Barberry (Berberis thunbergii) and Autumn Olive (Elaeagnus 
umbellata). Introduced to the United States in the mid-1800s, both B. thunbergii and E. 
umbellata have been rapidly spreading across the E.S. George reserve within the last 10 years. 
Their distribution patterns have been well-documented as being influenced primarily by habitat 
type; E. umbellata is found in areas with high light availability, such as open fields, whereas B. 
thunbergii is found primarily within the reserve’s forest, though both can be found along 
roadsides and within other areas of recent disturbance.   

For this study, distribution patterns of E. umbellata and B. thunbergii where they coexist 
were analyzed in order to ascertain whether the presence of one influences the distribution 
pattern of the other. Further, size data were collected for each individual plant within the survey 
in order to determine whether growth patterns were influenced by the presence of the other 
invasive species. Understanding the factors that contribute to the distribution and spread of 
invasive species can allow for the production of more effective maintenance and eradication 
management plans. 

 
MATERIALS AND METHODS 

 
Three sites within the E.S. George Reserve were chosen based on the presence and 

abundance of both of the target species. The first site, near Evan’s Old Field, has a low 
abundance of B. thunbergii and a high abundance of E. umbellata; the second site, within the 
area called the Big Woods, has a greater abundance of B. thunbergii and a lower abundance of E. 
umbellata; and the third site, further within the Big Woods, has the highest abundance of B. 
thunbergii and still a significantly lower abundance of E. umbellata (Figure 1).  

 
Figure 1: Three study sites within the E.S. George Reserve. From left to right: Evan’s Old Field Site, the “In-
Between” Site, and the furthest Big Woods Site. 
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At each site, a 50 meter transect was drawn through an area where both E. umbellata and 
B. thunbergii were present. Along each transect and up to 15 meter on either side, GPS 
coordinates were taken for each individual found of both species. Furthermore, each individual 
plant was designated to one of three size classes, determined by either total width or height; 
greater than 2 meters was considered Large, between 0.5 and 2 meters was Medium, and smaller 
than 0.5 meters was Small.  

 
RESULTS 

 
The species abundance for each of the three sites showed the expected trend, with a 

general gradient of high E. umbellata and low B. thunbergii at the Evan’s Old Field site and low 
E. umbellata and high B. thunbergii at the furthest Big Woods site (Figure 2). 

 
Figure 2: Species abundance at each site. 
 

 
 

 
The distribution of both species along each of the three transects displayed relatively 

close association with no apparent avoidance patterns (Figures 3-5). 
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Figure 3: Species distributions along the Evan’s Old Field Transect. 
 

 
 

Figure 4: Species distribution along the “In-Between” site transect. 
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Figure 5: Species distribution along the furthest Big Woods transect. 
 

 
 

B. thunbergii was found to have several individuals of the large size-class in the presence 
of high E. umbellata abundance. However, when B. thunbergii was present in large numbers, E. 
umbellata was found to be disproportionately smaller than when B. thunbergii was not present 
(Figure 6-8).  

 
Figure 6: Species size class proportions at the Evan’s Old Field transect. 
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Figure 7: Species size class proportions along the In-Between transect. 
 

 
 

Figure 8: Species size class proportions along the Big Woods transect. 
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Species Abundance and Distribution 
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distributions showed no apparent avoidance patterns but instead appeared to be moderately 
clumped together (Figures 3-5). These observed relative abundance and distribution patterns of 
both species may be explained by several exogenous factors.  

Autumn olive is a shade-intolerant species that exhibits restricted growth in environments 
that are dense in canopy cover (Eckardt N. and Sather N. 1987) which is why the largest 
abundance of E. umbellata found in this study was along the transect near an open field. 
Japanese Barberry, however, can persist in environments that have light availability ranging from 
very low to very high (Ness 1996), but our results indicate that its abundance is restricted in the 
areas where E. umbellata abundance is high (Figure 1). In a recent study, Samuel Orr and 
colleagues (2005) found that seedlings grown in soil that consisted of E. umbellata extracts 
exhibited negative correlations in growth patterns, suggesting that E. umbellata may have some 
allelopathic properties. The possibility of allelopathy may explain why, though the habitat type is 
suitable, B. thunbergii is not found in large numbers where E. umbellata is abundant. 

Contrasting the results from the Evan’s Old Field transect, both of the sites within the Big 
Woods resulted in similar distribution patterns for both species: Japanese Barberry was 
dominant, but Autumn Olive was both present and overlapping considerably (Figures 4 and 5). 
Two mechanisms that may both contribute to this observed trend are the means of dispersal of 
both species and habitat alterations that occur once one has become established. Both E. 
umbellata and B. thunbergii are bird dispersed species (Li, K. 2011) and their overlapping 
distribution may be a product of their identical dispersal means. Additionally, Japanese Barberry 
and Autumn Olive may share similar space as a result of facilitation due to original invasion. In 
2007, Nicholas Jordan and colleagues found that soil modification as a result of invasion by non-
native species may make an environment more susceptible to invasion by other non-native 
species. Kenneth Elgersma and Joan Ehrenfeld added to this field of work in 2011 when their 
published work found that Japanese Barberry alters soil microbial community structure and 
function. B. thunbergii is found throughout much of the Big Woods plot on within the E.S. 
George Reserve and is found in its highest abundance there. In such high density, the impact of 
the alterations in soil microbial community and structure may have opened a small niche for E. 
umbellata to invade.   
 
Size-Classes 

Japanese Barberry growth is not limited by the size or abundance of Autumn Olive, 
though Autumn Olive size and abundance does appear to be restricted by the presence and 
abundance of Japanese Barberry (Figures 6, 7, and 8). These results indicate that the changes in 
microbial community structure due to B. thunbergii may still allow for movement into an 
environment, but then limit growth when presence is established. The high density of E. 
umbellata that is found in the field may prevent B. thunbergii from migrating into those 
locations, but where B. thunbergii can become established, the presence of E. umbellata does not 
appear to influence its growth patterns.  

 
Invasive Interactions and the Future 
 With this study, it has been shown that the presence of one invasive species does has the 
capacity to influence the presence and abundance of other non-native species within the same 
system. The results and observations shown here are not intended to represent a platform that 
explains the behavior of all invasive species; instead, it is groundwork for how invasive species 
influence native community structure on the E.S. George Reserve through their dual interactions 
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with one another. Understanding how invasives interact with other invasive species is essential in 
the creation in management plans that aim to limit the impacts of invasive species on an 
environment and lead to eventual eradication.  
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BET-HEDGING SEED SIZE FOR OPTIMAL DISPERSAL IN ASCLEPIA SPECIES 

MARIANA VALENCIA, MARIA RIOLO, LEAH MURRAY, RYAN HOM, BEATRIZ 
OTERO-JIMÉNEZ 

ABSTRACT 

 Bet-hedging seed size for optimal seed dispersal may be an important 
strategy for plants to maximize fitness of their overall population. Asclepias 
species were expected to have bimodal seed size distribution if they were 
bet-hedging. Farther seed dispersal of smaller seeds suggests that bet-
hedging seed size aims to long distance dispersal. Asclepias syriaca and 
Asclepias exaltata had a trend to bimodal distribution. A. syriaca dispersed 
smaller seeds and Asclepia tuberosa followed the same trend. Overall, A. 
syriaca is the only species that follows a trend to bet-hedging which is an 
important strategy to survive in open fields.  

INTRODUCTION 

 How does evolution design organisms to achieve reproductive success? This is a 
key question to ask when we want to understand how plant species survive. The world is an 
unpredictable place, where catastrophic environmental events will challenge plant species 
to use their intrinsic ecological traits to solve problems. As many other taxonomic groups, 
plants have adapted strategies to guarantee the long-term fitness of their populations (Stearn 
2000).  One of these strategies is bet-hedging. Bet-hedging suggests that females within a 
population will take a risk to guarantee the survival of one or few of their offspring’s while 
sacrificing others (Olofsson et al. 2009). Here we ask whether plant species bet-hedge seed 
size to optimize dispersal and overall maximize fitness of the populations.  

 Seeds are the off springs of plants. Critical life history functions are integrated in the 
function of seeds (Venable and Brown 1988). Seeds can be dispersed by wind, water, and 
animals. In all cases the Jansen-Connell model predicts that the probability of survival of a 
plant’s seed will increase as it moves further away from the mother tree. Close to the 
mother tree many density-dependent effects are enhanced including competition for 
resources with siblings, and exposure to seed predators, pathogens, and herbivores 
(Terborgh et al. 2008, Janzen 1970). This means that in general plant species will invest to 
optimize seed dispersal away from the mother. 

 In tropical tree species, Janzen-Connell model’s predictions have been tested and 
found to apply for many species (Mangan 2010, Comita 2010). In temperate regions, many 
field associated plant species may find advantages to be dispersed far from the mother 
when the fields are rare and immersed within forest patches. On the other hand, a field 
associated species may find advantages being dispersed close to the mother if the local 
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conditions are favorable. This dichotomy may result in bet-hedging to optimize close and 
far seed dispersal.  

 In wind dispersed plant species, seed size is known to be associated with dispersal 
distance. If seed size is a proxy for dispersal distance, than field species that bet-hedge for 
close and far seed dispersal will have two dominant seed sizes. We focus on three Asclepias 
species which are field temperate plants that are wind dispersed and we ask whether they 
bet-hedge seed size. If Asclepias are bet-hedging seed size, than within a fruit set we expect 
to find bimodal frequency of seed size distribution and we expect that it will vary across 
plant species dependent upon their habitat. Finally, we test of seed dispersal distances are 
associated with seed size and how it varies across plant species.  

METHODS 

Site 

 We collected seed pods from three Asclepias species at the Old Field at the E. S. 
George Reserve. 

Study System 

We worked with three plant species from the genera Asclepias: A. syriaca, A. 
tuberosa,  and  A. exaltata. We collected seed pods from all three species. 

Seed size data collection 

 The seed size data was obtained for 3 A. exaltata pods, 4 A. tuberosa pods, and 4 A. 
syriaca species pods. We measure the width and length of all of the seeds in each pod using 
a caliper.  

Seed dispersal trials 

             The dispersal – seed size relation was determined. We did in total 9 seed dispersal 
trials: 2 A. exaltata, 4 A. syriaca, 3 A. tuberosa. To simulate seed dispersal we used a plastic 
funnel with rubber attached to the bottom. We took all of the seeds from one pod and 
placed them in the funnel. One person lay on the ground and blew through the rubber 
making sure that the funnel was vertically placed. Meanwhile, two other persons were 
aware to catch the ten seeds that blew the furthest and the ten that stayed closest to the 
funnel. Later we measured width and length of all of the seeds. 	  

Data Analysis	  

	  	  	  	  	  	  	  	  	  	  	  Before testing for seed size distribution, we had to decide which measure to use: 
length, width or area. We plotted the seed size frequency distribution of all three mentioned 
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before. We qualitatively decided to use seed length because it had an apparent bimodal 
distribution. For all the following tests we used seed length. 	  

            We performed a GLM with seed length to determine if seed size varied across 
species. Following this analysis we used the residuals to test for normality using a Kruskal-
Wallis, Komogorov-Smirnoff, and Anderson-Darling tests. For each species we performed 
a Normality test using raw data and the scipy stats package which is based on D’Agostino 
and Pearson’s test combining skewness and kurtosis measures. The test we used for 
lognormality was the same as the one for normality, we just applied it to the distribution of 
the logarithm of seed length instead of the actual seed length distribution. For testing 
against a Poisson, it was a 1-sided chi-squared test against the Poisson distribution with 
lambda equal to the mean seed length for the species. To find a quantitative hint of 
bimodality we performed a chi-square where we placed our data into three bins: seeds 
under 0.75 in length, seeds 0.75 in length, and seeds over 0.75 in length.  
                To determine is seed – size was associated with dispersal distances, we used a 
resampling techniques. 

	  

RESULTS 

 We did a qualitative comparison of seed size distribution of length, width, and area 
to determine the appropriate measure for bimodality analysis (Figure 1). Length was the 
appropriate measure because it had an apparent bimodal distribution relative to width and 
area (Figure 1 b).  

 The general linear model indicate a seed size differences between species (ANOVA 
F-value = 17.73, p-value <0.01), although with a lot of variance within species (R-square = 
0.27).   

 Frequency distributions of the residuals of all species combined indicate a 
separation from normality (Shapiro-Wilk test p-value<0.001, Kolomogorov-Smirnoff test 
p-value <0.01, and Anderson Darling test p-value <0.005). A. syriaca, A. tuberosa, and A. 
exaltata all have non normal distributions (respectively for each species D’Agostino and 
Pearson’s test: p = 1.62 e-12, p = 1.62 e-12, p = 1.83 e-06). Distributions showed a  depart 
from log normal distribution (A. syriaca, p-value = 6 e-41, A. tuberosa, p-value =2 e-33, A. 
exaltata p-value= 7 e-13) and a Poisson distribution (A. syriaca, x2 =440.99, p = 6 e-81, A. 
tuberosa, x2 = 440.99 p = 4e-71, A. exaltata x2 = 357.04, p=1e-63). Suggested bimodality 
was encountered when we placed our data in three beans (under 0.75 in length, seeds 0.75 
in length, and seeds over 0.75 in length)  and compared probabilities of falling in each bean 
using a chi-square test (A. syriaca  p-value = 0.00019, and A. exaltata p-value = 0.06). 
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 Resampling techniques suggest that A. syriaca dispersed smaller seeds further than 
larger seeds (mean difference = 0.045, p-value = 0.001), A. tuberosa showed a trend but 
was not significant (mean difference = 0.024, p-value = 0.054) and A. exaltata showed no 
difference (mean difference = 0.012 , p-value=0.233 ) 

Figure 1. Seed size frequency distribution of all species (a) width, (b) length, and (c) area.  
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Figure 2. Frequency distribution of Asclepias species. (a) A. syriaca, (b) A. tuberosa, and 
(c) A. exaltata. 
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Figure 3. Best possible single peaked distribution for A. syriaca and A. exaltata. 

 

 

 

 

 

 

 

 

 

Figure 4.  Resampling results for seed size and dispersal distance: (a) A. syriaca, (b) A. 
tuberosa, and (c) A. exaltata. 
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DISCUSSION 

 Whether Asclepias species have evolved the trait of bed-hedging seed size remains 
unclear. A. syriaca, the common Milkweed, was the only plant species that had a high 
probability of non-single peaked distribution. This was also the only species that dispersed 
smaller seeds further than larger seeds. For this reason, this is the only species that appears 
to be utilizing a bet-hedging seed size strategy.  

 In wind dispersed species, seed size is not the only trait known to be selected for 
long distance dispersal. Wind dispersed species are often associated with distinct 
morphologies that facilitate flight. In the case of Asclepias, seeds are associated with a 
hemi-cellulose (Sacchi 1987). It is possible that hemi-cellulose is the important long 
distance dispersal trait for A. tuberosa and A. exaltata. In this scenario, seed size may be 
constraint by packing inside the pod, and hemi-cellulose selected for dispersal. However, 
there are reasons to think that there are trade-offs between seed size and hemicellulose.  

 Bet-hedging for optimal seed dispersal, can also be detected measuring dispersal 
distances and studying the distribution of dispersal distances. We did not measure distances 
during this experiment but a power law would suggest long distance dispersal.  

 Future directions, should consider dispersal distances. Also, finer scale 
measurements may have provided better resolution and more variation in width and length 
which in turn could have resulted in less peaked distributions. 
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SEED DISPERSAL PATTERNS FOR RED MAPLE (ACER RUBRUM) IN EDGE VS. 
INTERIOR HABITATS 

RYAN HOM, MARIE BEAUDOIN, AND LEAH MURRAY 

 

ABSTRACT 

Seed dispersal and edge effects are two important, yet relatively little-understood 
concepts in plant ecology. Understanding these concepts is increasingly important 
in the modern world where habitat fragmentation exposes more plant species to 
edge effects. The purpose of this study was to determine the effect that edge 
habitat has on dispersal of red maple (Acer rubrum) seeds. By examining 
transects taken around mature red maple trees, we found evidence for two 
different patterns. First, seeds dispersing parallel to an edge disperse farther than 
seeds dispersing into the interior of a forest. Second, there are fewer seedlings 
close to an edge-growing red maple tree than to an interior-growing red maple 
tree. More studies are needed to confirm these results. However, the patterns 
observed support earlier findings made by various researchers in regards to seed 
dispersal and edge effects. 

 

INTRODUCTION 

A profusion of various fruit forms implies that seed dispersal, or the movement or 
transport of seeds away from a parent plant, plays a central role in plant ecology, yet the chance 
that an individual seed will ultimately produce a reproductive adult is low to infinitesimal (Howe 
& Miriti 2004). Because of this, dispersal patterns play a key role in determining whether or not 
these seedlings can grow into adults. The importance of understanding seed dispersal is widely 
recognized by plant ecologists; for example, seed dispersal can be disrupted and threaten 
biodiversity when land fragmentation occurs (Levey et al. 2005). However, we still know 
surprisingly little about the process and mechanics of seed dispersal (Greene & Johnson 1989).  

Along with dispersal, edge effects also play a key role in determining population 
densities. As forests become more and more fragmented, the effects are often profound, usually 
resulting in increased light availability to plants along the forest edge (McDonald & Urban 
2006). 

However, there have been few studies that consider both of these factors in conjunction. 
Levey et al. (2005) have shown that birds preferentially disperse seeds parallel to habitat edges 
and there have been several studies regarding the ability of wind-dispersed seeds to disperse out 
of forests and into fields (Cubiña & Aide 2001). However, there are no studies detailing the 
movement of wind-dispersed seeds along habitat edges or from the forest edge to the interior. 
We will look at the dispersal patterns of red maple (Acer rubrum) near the edge of island habitats 
and in interior plots. We aim to (1) assess the differences in seed dispersal for edge vs. interior 
trees and (2) observe any spatial patterns that may occur because of this. 
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METHODS 

Our study was conducted on October 9th on the E.S. George Reserve. To analyze whether 
edge and interior forest red maples differed in seed dispersal distance and directionality, twelve 
red maples were sampled. Two isolated edge red maple trees were selected from Duloticus 
Island, and another two isolated edge red maples were chosen from Hourglass Island (Figure 1). 
All of these trees were located at the border between forest and swamp habitats. Isolated interior 
red maples were more difficult to locate—only one near the Southwest Woods Pond was 
sampled. Seven more were selected from data recorded on the Big Woods collected by David 
Allen. These eight trees were all located in the interior of forest habitat. For all the trees sampled 
in the field once an appropriate tree was located, 50 meter transects were laid out in all four 
cardinal directions. Every five meters, the number of seedlings within a two foot radius of the 
transect was recorded. Then the distance and direction to the forest edge were also recorded. A 
series of Kolmogorov-Smirnov tests were performed to compare each edge tree with summed 
distributions of interior trees. Furthermore, a Welch’s t-test was performed to compare the 
proportion of total seedlings that were less than 15 meters from each edge and interior tree. 

Figure 1: Study area of Red Maples 
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RESULTS 

When each edge transect was compared with its corresponding interior transect, the 
following sets of statistically significant differences were as follows: 

• Duloticus 1, East Transect (p < 0.001) 
• Duloticus 2, West Transect (p < 0.001) 
• Hourglass 1, East Transect (p < 0.005) 
• Hourglass 2, East Transect (p < 0.025) 

All other comparisons were not significant. 

 The frequency distributions for these statistically significant comparisons are shown in 
Figure 2. 
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Figure 2: Frequency distributions for all sets of significantly different transects
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For Duloticus Island, all transects that differ significantly from interior transects are 
parallel to the edge. These transects show frequency distributions that rise with increasing 
distance from the parent tree whereas interior trees show frequency distributions that fall with 
increasing distance from the parent tree. For Hourglass Island, all transects that differ 
significantly from interior transects are perpendicular to the edge. These transects display 
seedling frequencies that are lower than interior tree seedling frequencies for short distances 
from the parent tree and seedling frequencies relatively identical to interior tree seedling 
frequencies for longer distances. Also, the proportion of total seedlings that were less than 15 
meters from each edge tree was much lower than the same proportion of seedlings for each 
interior tree (Figure 3). When the logits of these proportions were statistically compared, the 
difference was highly significant (p=0.00009). 

Figure 3: Total proportion of seedlings less than 15 meters from edge and interior trees 
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DISCUSSION 

Though we did not observe any consistent spatial patterns between the two islands, it 
appears that based on our Duloticus Island transects, seeds tend to be dispersed at greater 
frequency and distance along edge habitat. This supports McDonald and Urban’s research 
detailing the effect edge habitat has on seed dispersal (2006). Increased light availability along 
the edge can allow for greater population densities of seeds (McDonald et al. 2006). 
Furthermore, based on our Hourglass Island transects, seeds tend to be dispersed at lower 
frequency at short distances from the tree.  We do not know if this is due to a lower incidence of 
seeds dropping straight down from the tree or to higher mortality of seedlings close to the tree as 
predicted by the Janzen-Connell hypothesis (Janzen 1970, Connell 1971).  However, further 
studies would need to be conducted to provide more evidence of either of these spatial patterns. 

Future studies could also alter our methods to include more transects instead of only the 
four cardinal directions, place buckets along transects to collect seed rain from each tree, 
measure relative wind speed and direction at edges compared to interior, and examine other seed 
dispersal strategies. There are many types of seed dispersal strategies that plants employ 
including wind (anemochory), water (hydrochory), expulsion (autochory), and animal dispersal 
(zoochory) (Encyclopedia of Pest Management 2002). It was also difficult to determine the 
parent tree that gave rise to a particular seedling in the field and from the Big Woods Data Set; 
genetically sequencing each seedling to determine the correct parent could also improve the 
accuracy of our results and provide more evidence to support our conclusions. 

In addition to the variation we observed between edge and interior trees, we also 
observed much variation among interior trees as well. Since we observed such variation for seed 
dispersal within the interior forest and between interior and edge forest habitats, we might 
inquire whether seed dispersal patterns are more of a function of local habitat and/or 
characteristics of each individual tree versus more regional conditions. Understanding seed 
dispersal along edge habitats serves as an important concept for conservation. As habitats 
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become more fragmented, the need for long-distance dispersal of seeds will prove vital for plants 
(Pearson et al. 2005). Thus, determining which tree species do not disperse seeds well in edge 
habitats will determine which areas are in need of greater conservation. 
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METACOMMUNITY PATTERNS OF ARTHROPODS IN THE BIG WOODS OF THE E.S. 
GEORGE RESERVE 

RYAN HOM 

 

ABSTRACT 

The metacommunity concept is a fairly recent idea that is used to explain patterns 
seen among small-scale communities that are linked by migrating organisms.  
There are at least four different metacommunity paradigms described in the 
literature: patch-dynamic, species-sorting, mass-effects, and neutral.  Each of 
these paradigms has its own set of predictions regarding environmental 
heterogeneity and local coexistence of competing species.  The purpose of this 
study is to assess the feasibility of using these predictions to determine the main 
drivers of spatial patterns observed in a metacommunity of spiders and centipedes 
living under logs in the Big Woods of the E.S. George Reserve.  The study found 
that spiders and centipedes appear to be sorting themselves by some 
environmental factor, possibly soil moisture and centipedes’ narrower range of 
tolerance for such.  There is also some evidence to suggest migration of 
individuals from source to sink habitats.  Ultimately, this study showed that the 
predictions made by each of the four paradigms can serve as effective diagnostic 
tools for determining the main factors controlling dynamics in a metacommunity. 

 

INTRODUCTION 

 The term “metacommunity” is a term that has only recently come into standard usage in 
ecology.  Its usage in conceptualizing ecological systems was championed by Leibold et al. 
(2004), who defined the term as “a set of local communities that are linked by dispersal of 
multiple potentially interacting species.”  More generally, the concept of a metacommunity is a 
way to link small-scale species interactions with much larger-scale spatial distribution patterns.  
They are also important as they can provide mechanisms for two species to coexist on a regional 
scale that would otherwise competitively exclude each other. 

 Leibold et al. (2004) described four different paradigms for looking at metacommunities: 
patch-dynamic, species-sorting, mass-effects, and neutral.  These paradigms differ in the 
emphasis they place on various ecological aspects.  It is also important to note that these 
paradigms are not mutually exclusive—they may all contribute to the dynamics observed in a 
metacommunity simultaneously. 

Patch-Dynamic Paradigm 

272



 This paradigm focuses on the tradeoff between competitive ability and dispersal ability.  
Under this paradigm, one species is able to competitively exclude another species in all patches.  
Regional coexistence can be maintained if the second species is a better disperser than the first 
and “escapes” competitive exclusion by migrating to an empty habitat patch. 

Species-Sorting Paradigm 

 This paradigm focuses on niche separation among competing sets of organisms.  It 
assumes that all patches within a region are heterogeneous and that each organism in the system 
has certain patches to which it is best suited.  Each organism then sorts itself to the patch where it 
is competitively dominant and there is little intermixing between patches. 

Mass-Effects Paradigm 

 This paradigm focuses on migration and source-sink dynamics.  Like the species-sorting 
paradigm, it assumes that there are patches of habitat where certain species thrive (source 
habitats) and other patches of habitat where certain species go extinct (sink habitats).  Unlike the 
species-sorting paradigm, however, source and sink habitats are linked by migration from the 
former to the latter.  An important characteristic of this paradigm is that due to the steady influx 
of individuals from neighboring patches, local coexistence of competing species can be 
maintained. 

Neutral Paradigm 

 Unlike the other paradigms, this paradigm serves as a neutral model.  Under this 
paradigm, all patches are homogeneous and all organisms are equally strong competitors.  
Therefore, there is no particular driving force behind spatial patterns other than the random 
assortment of species. 

These four paradigms, along with expectations of environmental heterogeneity and 
species coexistence, can be summarized in Table 1. 

Table 1: Summary of metacommunity paradigms and expected patterns 

Dominant paradigm Main focus Patches homogeneous? Local coexistence between 
species? 

Patch-Dynamic Competitive ability vs. 
dispersal ability 

Yes No 

Species-Sorting Niche separation No No 
Mass-Effects Migration, source-sink 

dynamics 
No Somewhat 

Neutral Random assortment Yes Yes 
 
This table is useful as it provides a set of diagnostic criteria for determining the dominant 
paradigm of the system.  The purpose of this study is to assess the feasibility of using these 
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predictions to determine the main drivers of spatial patterns that we may observe in a 
metacommunity. 

 

METHODS 

 This experiment took place in a section of the Big Woods of the E.S. George Reserve 
(Figure 1).  This area consisted mainly of red maple and black cherry trees and an understory of 
Japanese barberry.  The area was specifically chosen for this study because of its abundance of 
fallen logs which serve as patches of habitat for various species of arthropods.  The arthropods 
focused on for this study were various species of spiders and centipedes.  Both of these groups of 
arthropods were chosen as they are both predators that are in competition for the same prey. 

Figure 1: Study area within the Big Woods 

 

 The study was conducted by sampling as many logs within the study area as possible in a 
random fashion.  Each log was either flipped or broken open and whenever a spider or centipede 
was encountered, the type of arthropod was recorded along with the tag number of the tree 
closest to where the arthropod was found.  Later, soil moisture measurements were affixed to 
each tree based on a data set compiled by David Allen. 

 Three different statistical analyses were performed.  Analysis of co-occurrence of spiders 
and centipedes was performed by calculating exact probabilities of co-occurrence under the 
assumption of random, independent distribution of spiders and centipedes.  This was 
accomplished by using the following formula: 

��∩��∪�=������+��−����=���∗������+���−���∗��� 

where: 
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S = finding a spider 
C = finding a centipede 
ns = number of spiders found 
nc = number of centipedes found 
N = total number of logs examined 

Both the mean and variance of soil moisture was analyzed using a t-test and Hartley’s Fmax test, 
respectively.  Spatial clustering was analyzed by finding the nearest neighbor of each arthropod 
occurrence, noting whether each nearest neighbor was a spider or centipede, and analyzing the 
results with a chi-square test. 

 

RESULTS 

 In total, 16 arthropods were found, consisting of 7 spiders and 9 centipedes.  The spatial 
distribution of these arthropods is shown in Figure 2.  No more than one arthropod was found per 
log, meaning that there was no observed co-occurrence of spiders and centipedes. 

Figure 2: Spatial distribution of spiders and centipedes throughout study site 
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 Unfortunately, the exact probabilities of co-occurrence could not be calculated as the 
exact number of logs examined (N in the above formula) could not be ascertained.  This is 
mainly because it was often difficult to determine where one log ended and another began.  
However, one can calculate the probability of finding 16 arthropods and no co-occurrence using 
the expression below: 

[1−��∩��∪�]16 

This expression is >0.05 when N>26.  Despite the exact value of N being unavailable, it was 
much greater than 26, meaning that we cannot rule out the possibility that spiders and centipedes 
co-occur and this co-occurrence was simply not observed. 

 A box-and-whisker plot of soil moisture for the two arthropods is shown in Figure 3.  The 
means for the data did not differ significantly (p=0.96), nor did the variances (p>0.05).  
However, there were two outliers in the centipede data.  Once these outliers were removed, the 
variances differed significantly (p<0.05), with spiders being associated with a higher variance in 
soil moisture than centipedes. 

Figure 3: Box-and-whisker plot showing soil moisture for both centipedes and spiders 

 

 The number of nearest neighbors of each arthropod type for each point is shown in Table 
1.  A chi-square test reveals that there is significant correlation between the type of each point 
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and the type of its nearest neighbor (p=0.013).  What this means is that a centipede’s nearest 
neighbor is more likely to be a centipede than a spider and vice versa, indicating that centipedes 
cluster together in space, as do spiders. 

Table 2: Type of nearest neighbor for each point of arthropod occurrence 

  Nearest Neighbor total 
  Centipede Spider  

Centipede 8 1 9 
Point 

Spider 2 5 7 
total  10 6 16 
 

DISCUSSION 

 The fact that there is significant spatial clustering among spiders and among centipedes 
suggests that there is some environmental variable—either moisture or some other unmeasured 
variable—according to which spiders and centipedes sort themselves.  Because mean soil 
moisture did not differ between the arthropods but (barring the two outliers in the centipede data) 
variance in soil moisture did, one might draw the conclusion that centipedes have a narrower 
range of soil moisture tolerance.  This makes sense biologically as centipedes, lacking a waxy 
covering on their exoskeletons, are more sensitive to moisture in the environment (Blackburn et 
al. 2002).  If this is true, then centipedes may sort themselves to logs with optimal soil moisture 
while spiders may sort themselves to logs that are either drier or wetter than optimum.  The 
existence of outliers in the centipede data may indicate mass effects, whereby centipedes migrate 
to suboptimal habitats. 

 However, we cannot discount other mechanisms to explain the spatial patterns observed.  
For example, Turing instabilities are known to create clustering or banding patterns similar to the 
spatial patterns observed here.  It has been demonstrated that under certain circumstances, 
competition between predators can lead to Turing instabilities (Alonso et al. 2002).  Another 
explanation could be the existence of intransitive loops.  These patterns of competitive 
dominance can give rise to banding patterns similar to those seen in Turing instabilities; 
however, they require the existence of at least three competitors in a system (Vandermeer 2011).  
It is possible that competition of spiders and centipedes with a third organism could be driving 
spatial patterns. 

 Ultimately, this study showed that the predictions given in Table 1 are useful for 
determining what factors are driving the spatial patterns seen in this metacommunity.  However, 
there is still much opportunity for improvements or future research.  For example, the study 
could have benefitted from a larger sample size.  Also, more species could have been examined.  
These species do not necessarily have to be competitors; they can be predator and prey or 
mutualists.  Finally, similar studies can be performed in entirely different environments such as 
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systems of ponds or fragmented forests and the results can be compared across these various 
ecosystems. 
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LONG DISTANCE SEED DISPERSAL AND BET HEDGING IN ASCLEPIA 

MARIANA CECILIA VALENCIA MESTRE 

ABSTRACT 

 Long distance seed dispersal is an important strategy for plant 
populations to re-colonize new areas. Plant species restricted to disturbed 
habitats may use this strategy to maximize fitness in a constantly changing 
environment. Females in the population risk some of their seeds when those 
disperse long distances into new unpredictable environments. At the same 
time, as females are exposed to unpredictable environments themselves, 
they guarantee gene prevalence as their seeds re-colonize new habitats. Bet 
hedging of short and long distance seed dispersal in Asclepia species was 
determined from seed dispersal distance distributions. Asclepia syriaca 
distributions suggest bet hedging and Asclepia tuberosa doesn’t. Finally, an 
association between dispersal distance and coma length was not obvious 
from neither of the Asclepia species.  However, other studies have 
demonstrated that long coma length relates to time of fall on the ground, 
which could ultimately result in longer distances. Insights into the survival 
strategies of plant populations are important to understand how they will 
survive in the midst of habitat and climate change.  

INTRODUCTION 

 Bet hedging in nature is an ecological strategy used by females in populations to 
optimize long term fitness (Stearn 2000). Often, bet hedging implies a risk put on some 
offsprings to guarantee populations survival under different environmental conditions. 
These strategies are common across nature, yet difficult to detect the reproductive costs and 
benefits associated (Olofsson et al. 2010).  

 Plants can bet hedge seed size to guarantee short and long distance seed dispersal.  
Valencia et al. 2011, found that in Asclepia syriaca’s larger seeds were dispersed closer to 
the mother than small seeds. Having large seed sizes guarantees that many offsprings will 
be dispersed into suitable habitats with conditions very similar to those under which the 
mother survives. However, this short dispersal can result in density dependence induced 
mortality (Terborgh et al. 2008, Janzen 1970). On the other hand, having small seeds sizes 
guarantees that many offspring’s will be dispersed far into new habitats that may also be 
suitable for survival. The paradox is that the probabilities of survival for a disturbed habitat 
species can decrease as it disperses further if the surrounding habitat is all forest, but can 
increase as it moves away from density dependence phenomena. Finally, the world is 
unpredictable and dispersing very far will guarantee the survival of genes in the scenario in 
which catastrophe hits the mother’s habitats.  
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 Valencia et al. 2011 found a trend to bimodal seed size distribution in A. syriaca but 
did not find the pattern in A. tuberosa. Both are associated to open fields and disturbed 
habitats.  A different approach to studying the existence of bet hedging in Asclepia species 
is to look at the dispersal distances of seeds. A power law distribution of seed dispersal 
distances suggest that most seeds are staying close to the mother tree but that few go far 
distances. If there is bet hedging than the dispersal frequencies will have a power law 
distribution with a hump at the end, or in other words a bimodal distribution. Also, the 
space between where “most seeds fall” (close to the mother) and the “long tail hump” 
suggests a bet hedge threshold.  

Valencia et al. 2011 found on both species that smaller seeds dispersed far from the 
mother and large stayed closer to the mother in both A. syriaca and A. tuberosa. However, 
seed size distribution for A. tuberosa was not bimodal. If seed size is not the mechanism for 
long distance seed dispersal in A. tuberosa, than there might be a trade-off with the coma 
length. Coma length is the hemi-cellulose strips that are attached to the seeds and is 
associated to longer periods of time on the air. In A. tuberosa, seed size might be constraint 
by packing and thereby, it is not associated to short and long distance seed dispersal. On the 
other hand, coma length might be playing an important role on guarantying that small seeds 
disperse farther than large seeds in this species.  

Here we ask the same questions for both A. syriaca and A. tuberosa: 1) Does the 
seed dispersal of Asclepia species follow a power law function?; 2) Does the power law 
function have a hump at the end of the tail?; 3) Where is the short vs long seed dispersal 
threshold? and; 4) Are seeds with longer coma dispersed further? 

 

METHODS 

Site 

 Seed pods from two Asclepia species were collected at the Old Field at the E. S. 
George Reserve. 

Study System 

Two plant species, A. syriaca and A. tuberosa, were used as the model systems. 

Long distance seed dispersal 

 A total 4 seed dispersal trial took place: 3 A. syriaca and 1 A. tuberosa. To simulate 
seed dispersal, a plastic funnel with rubber attached to the bottom was designed. All the 
seeds from one pod were placed on the funnel. One person lay on the ground and blew 
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through the rubber making sure that the funnel was vertically placed. A transect was placed 
along the seed shadow. The distance from origin of each seed was recorded. 

Coma – dispersal distance relation 

 To determine these relationship 20 dispersal trials were done with A. syriaca and 17 
trials with A. tuberosa. A funnel with a rubber attached was placed on the floor in a room. 
The seed with the coma were placed inside the funnel. One at a time, the seed was blown. 
The distance from the funnel to the seed was recorded as dispersal distance. Later the coma 
was placed in water to extent and measure. 

 

Analysis 

 To determine if there was long distance seed dispersal, the frequency distribution of 
dispersal distances was obtained for each of the four trials. We obtained the frequency 
distribution of the raw data and of the logs. A linear trend line and a polynomial trend line 
were fit to the log data. The trend line with the highest R2 suggests the adequate 
distribution. If the linear trend line had higher R2 than the polynomial trend line, than we 
interpret as a power law distribution or long distance seed dispersal. If the polynomial R2 is 
larger than the linear, than we interpret as a binomial distribution which suggests long 
distance seed dispersal with a hump.  

 To determine the relation between coma length and seed dispersal we plotted the 
dispersal distance vs coma length and obtained a linear equation. We compared both the A. 
syriaca and A. tuberosa trials.  

 

 RESULTS  

            The A. syriaca trials all had a higher R2 for the polynomial trend line than for the 
linear trend line (see Figure 1b and 1c, Figure 2b and 2c, and Figure 3a and 3c). However, 
the only polynomial trend line with a “U” shape and thus suggesting a binomial dispersal 
distance distribution is the second trial (Figure 2b and 2c). The A. tuberosa trials had an R2 
for the polynomial trend line slightly higher than for the linear trend line, suggesting no 
obvious binomial dispersal distance (see Figure 4b and 4c). The 9 and/or 8 meter mark 
appeared to be the short distance threshold for A. syriaca (See Figure 1a, Figure 2a, and 
Figure 3a).  

          There was no relationship between coma length and dispersal distance in neither 
species. 

281



0	  

10	  

20	  

30	  

40	  

50	  

1	   2	   3	   4	   5	   6	   7	   8	   9	  

y	  =	  -‐1.1546x	  +	  1.2513	  
R²	  =	  0.4919	  

0	  

0.5	  

1	  

1.5	  

2	  

0	   0.2	   0.4	   0.6	   0.8	   1	   1.2	  

y	  =	  -‐1.0875x2	  -‐	  0.0793x	  +	  1.0963	  
R²	  =	  0.52751	  

0	  
0.2	  
0.4	  
0.6	  
0.8	  
1	  

1.2	  
1.4	  
1.6	  
1.8	  

0	   0.2	   0.4	   0.6	   0.8	   1	   1.2	  

Figure 1. Frequency distribution of dispersal distance (m) and seed for trial 1 (A. syriaca): 
a) using the raw data, b) using log transformation and fitting a linear trend line, and c) using 
log transformation and fitting a polynomial trend line.                             
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Figure 2. Frequency distribution of dispersal distance (m) and seed for trial 2 (A. syriaca): 
a) using the raw data, b) using log transformation and fitting a linear trend line, and c) using 
log transformation and fitting a polynomial trend line. 
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Figure 3. Frequency distribution of dispersal distance (m) and seed for trial 3 (A. syriaca): 
a) using the raw data, b) using log transformation and fitting a linear trend line, and c) using 
log transformation and fitting a polynomial trend line. 
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Figure 4. Frequency distribution of dispersal distance (m) and seed for trial 4 (A.tuberosa): 
a) using the raw data, b) using log transformation and fitting a linear trend line, and c) using 
log transformation and fitting a polynomial trend line.  
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Figure 5. Dispersal length (m) and coma length (mm). a) A. syriaca, and b) A. tuberosa. 
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DISCUSSION 

These results have important ecological and evolutionary implications for both 
study species. A. syriaca trials tend to a power law distribution which suggests long 
distance seed dispersal. That same trial has a hump at the end of the tail suggesting bet 
hedging. On the other hand, A. tuberosa does not show any evidence of bet hedging.  

In order for there to be bet hedging, there has to be two different environmental 
conditions to which we associate the short and long distance seed dispersal strategy. 
Asclepia species are frequent in open field and disturbed habitats. Short dispersal 
guarantees that they will remain in a suitable habitat. Long distance dispersal increases the 
probability of finding suitable habitats far from the mother, guarantying the preservation of 
the genes in the case of local catastrophic conditions. However, the real strategy for long 
distance seed dispersal, allows Asclepia to find suitable disturbed habitats in the midst of 
the forest where they cannot survive. Thus, the two environmental conditions associated 
with bet hedging are disturbed local habitat and distant disturbed habitats in the midst of 
forest. Long distance seed dispersal is particularly important at the E. S. George reserve 
where habitat conditions are rapidly changing as a result of exotic species invasions of the 
open fields. 

Long distance seed dispersal in A. syriaca guarantees a release from density 
dependence mortality under the mother plant. However, there is no reason to disregard 
density dependence as a process that controls A. tuberosa populations as well.  It is worth 
exploring the importance of density dependence as described by Janzen-Connell in 
Asclepia species.  

Previous work suggests that seed length is not an important seed dispersal strategy 
and that instead it is constraint by packing inside the pod (Valencia et al. 2011). An 
alternative strategy would seem to be adjusting coma length, yet no relationship was found 
between coma length and dispersal distance in neither A. syriaca nor A. tuberosa. Sacchi 
1987 did a different experiment in which the coma was cut at different lengths. The time of 
fall to the ground changed with coma length but not the dispersal distances. Both of these 
results suggest that the length of the coma is not associated with dispersal distance on these 
species.  

Future research should comparatively explore the importance of density dependence 
as described by Janzen-Connell in the long distance dispersed A. syriaca and non-long 
distanced dispersed A. tuberosa. Finally, if A. tuberosa and other field associated species do 
not disperse far, it is worth speculating their risk to local extinction as exotics invade the 
fields of the E. S. George Reserve.  
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DENSITY-DEPENDENT OCCUPATION OF WITCH HAZEL (HAMAMELIS 
VIRGINIANA) BY OAK LEAF ROLLERS (ARCHIPS SEMIFERANA) 

 
ERIN BURKETT, ALEX MOORE, BEATRIZ OTERO, ALEX TAYLOR, MARIANA 

VALENCIA 
 

ABSTRACT 
 

 The 20-hectare Big Woods plot is located within the E.S. George 
Reserve (Livingston County, MI). Spatial data for all witch hazel (Hamamelis 
virginiana) within the Big Woods has already been collected, making this an 
ideal setting for spatial dynamics research. We documented the relationship 
between host plant density and parasite infections rates in the Big Woods by 
observing the infection rate of oak leaf roller (Archips semiferana) on witch 
hazel (Hamamelis virginiana). We proposed that increasing witch hazel 
density would correlate with an increase in parasitism by oak leaf rollers. The 
study site consisted of ten isolated individual witch hazel trees and one 
hundred witch hazels located within high-density areas. Parasite density 
increased only slightly with increasing host density, a statistically insignificant 
relationship. This relationship could be explored at a larger scale to account 
for the dispersal distance of oak leaf roller. The species' ability to occupy a 
number of hosts may be another factor that influenced this relationship and 
caused a weak correlation. 

 
INTRODUCTION 

 
 Spatial distributions of ecologically important habitat characteristics may affect biotic 
abundance along environmental gradients (Keitt	   et.	   al	  2002). Higher densities of food and 
refugia can lead to a greater abundance of the organisms that depend on these factors to 
survive and reproduce. This positive relationship holds true for host population density and 
the abundance of parasites (Arneberg et al. 1998, Dobson 1990). Parasites often cluster 
around areas of higher host density, and parasite abundance increases with host population 
size until it eventually reaches a plateau (Arneberg et al. 1998).  Alternatively, parasites may 
seek out isolated hosts to avoid predators and intraspecific competition (Lindsey et al. 2009). 
The ability of parasites to attack multiple host species means that their ability to invade the 
host community depends on the host species composition within a given area (Holt et. al 
2003).   Spatial data of both host and parasite populations are key to an in-depth 
understanding of host parasite interaction. 
 We suspected that spatial patterns affect density of oak leaf roller (Archips 
semiferana) parasitism on witch hazel (Hamamelis virginiana) leaves in the W. S. George 
Reserve. A. semiferana moths produce silk fibers that are used to host plant leaves into a 
protective nursery structure where their eggs develop into larvae (USDA 2009). The larvae 
then develop within this protective roll while simultaneously feeding on the leaf tissue. 
Heavy defoliation directly disrupts photosynthesis, and in turn negatively impacts the health 
of the host plant. 
 H. virginiana is known to cluster due to its short seed dispersal through mechanical 
dehiscence, a pattern that has been observed in the George Reserve (Allen 2011, personal 
communication). Utilizing previously gathered high-resolution spatial distribution data of H. 
virginiana in the Big Woods, we were able to compare moth infection rates on clumped and 
isolated individuals. We propose that infection rate patterns across individuals could be 
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related to the spatial distribution of H. virginiana. The 2011 growing season has exhibited a 
higher than usual density of leaf roller infection on witch hazel, presenting an ideal situation 
to study this relationship. We asked whether infection rates would be different in higher or 
lower density H. virginiana stands.  If we observe higher infection rates in H. virginiana 
clusters that would be a strong indication that density–dependent processes are at play.   
 

METHODS 
 

Study Site 
 

 We sampled the Hamamelis viginiana community in a 20-hectare plot known as the 
Big Woods at the E. S. George Reserve in Pinckney, Michigan (Livingston County). We 
studied the density of Archips semiferana in both areas of isolated individuals and areas of 
high H. virginiana density (Figure 1).  
 
Figure 1: Distribution of H virginiana in "The Big Woods", E.S. George Reserve. Solid circles represent clumps 
and dashed circles are isolated individuals. Axes represent meters within the plot. 

 
 

Sampling Methods 
 

 At isolated trees, six branches between 0 meters and 3 meters from the ground were 
randomly selected. We counted the number of infected leaves per branch as well as the total 
number of leaves on the branch. Hand tally counters were used to minimize error by avoiding 
miscounting. Each clump was sampled along a 50 meter transect. If the clump was less than 
50 meters long, the sampling transect used was the length of the entire clump. Every 5 meters 
along the transect line we selected a H. virginiana tree on both sides of the transect that was 
closest to the transect line; for each tree two branches between 0m and 4m from the ground 
were selected. Parasite abundance, the rate of infection by Archips semiferana, was measured 
using the ratio of the number of infected leaves to the total number of leaves per branch. 

 
RESULTS 
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 We observed a mean of 18% parasitized leaves in clustered witch hazel vs. 16% in 
isolated trees (Figure 2). With relatively little variation in the sample as a whole (st. 
dev=0.083), the isolation of Witch Hazel had no effect on infection rates (two tail t-test P-
value = 0.08). Overall, witch hazel clump density had	  no	  effect	  on	  infection	  rates	  (Figure 3, 
R2=0.069, P-value > 0.05). 
 
Figure 2: Infection rate of Witch Hazel in isolated and clumped individuals 

 
 
Figure 3: Association of witch hazel clump with infection rates

 
 

DISCUSSION 
 

 The pattern of moth predation we observed was density-independent at the spatial 
scale measured, although a slight dependent relationship could be interpreted. Overall this 
suggests a pattern of largely random tree selection within a larger spatial scale. From the 
perspective of moth reproduction, the isolated trees we sampled were most likely not islands 
but equally viable ovipositing sites within their range. The distance between isolated trees 
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and the next available witch hazel never exceeded 100 meters, a distance that did not appear 
to pose a major physical barrier to the moth. 
 Though there was little total variation, the rates of moth parasitism did range from 5% 
to 43% as a proportion of leaves sampled, leaving open the possibility that there may be other 
factors involved in rates of parasitism, such as presence or absence of important neighboring 
tree species, moisture, predation intensity or tree chemistry. It could well be that many of 
these factors interact to produce favorable and unfavorable ovipositing conditions in an 
individual tree.  
 Future studies on the spatial structure of leaf-roller moth parasitism should take a 
wider spatial scale, perhaps using the E.S. George Reserve as one cluster of witch hazel and 
locating other patches and singletons kilometers away. Investigation of size of leaf-roller 
moth range would help clarify results. Distance-limited dispersal and movement also 
generate autocorrelations in abundance, and these can oftentimes interact with broad-scale 
landscape patterns (Keitt et. al 2002).  Inclusion of chemical analysis, such as concentration 
assays of tannins or flavonoids between trees, may also reveal significant factors driving rates 
of moth parasitism (Roslin et al. 2006, Didier et al. 2008).  
 Using data on neighboring oak abundance, one could potentially investigate the role 
of proximity or density of nearby oaks to see if there is any relationship. Prior studies have 
not shown a relationship between leaf roller infection of witch hazel and black oak (Quercus 
velutina) tree density (Wason et. al 2007). One interesting observation we made during our 
sampling was that, although oak leaf rollers infect oak tree leaves, very oak leaves showed 
infection within the Big Woods plot.  
 The elucidation of spatial scale of individual populations and metapopulations of 
many taxa is crucial for understanding the dynamics of biotic interactions in a given 
ecosystem, as well as for the implementation of effective conservation strategies. Parasitic 
leaf rollers can cause tree mortality if they occur at high densities (U.S.D.A. 1979), and 
understanding their population dynamics is important to ensure the conservation of important 
forest tree species in North America. 
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NICHE USAGE: A LOOK AT THE NICHE PREFERANCE AND GROWTH OF SEEDLINGS 
IN A MIXED-DECIDUOUS FOREST  

ALLISON INJAIAN, ANAT BELASON, ERIN BURKETT, AND ALEX MOORE  

ABSTRACT 

 Seedlings of various species have been found in differing microhabitats 
throughout the E.S. George Reserve.  In this study, we aim to identify niche 
characteristics which have the greatest affect on seedling survival and growth of 
Acer rubrum and Hamamelis virginiana. We found there to be a significant 
correlation between age and percent soil moisture, with percent soil moisture 
decreasing as age increases. We also found that A. rubrum seedlings are in an 
environment with significantly higher percent soil moisture than would be found 
randomly, however H. virginiana seedlings are not. These results showed that 
underlying characteristics, such as soil moisture, within the microhabitat 
surrounding forest seedlings may be a main factor in creating optimal niches that 
promote plant persistence and growth. In order to fully predict the areas in which 
A. rubrum and H. virginiana seedlings are more likely to become canopy species, 
further research is necessary to measure a larger breadth of niche dimensions 
accurately and simultaneously. Based on our results, we propose that soil 
moisture is a key factor in seedling survival and niche quality.  Future studies 
should focus, especially, on older seedlings, since random dispersal of seeds 
would result in many young plants in more variable areas in which they might not 
be able to survive over a longer amount of time.  

INTRODUCTION 

 Understanding the spatial distributions and roles of plant species in various habitats is an 
integral component to conservation efforts.  In the early 20th century, the commonly accepted 
niche theory changed from the Grinnelian idea of a geographic habitat which is necessary for a 
species to survive to the Eltonian idea of a geographic habitat in addition to the role of the 
occupying species. Niche theory evolved again in the mid 1900s when Hutchinson proposed that 
a niche is an n-dimensional hypervolume and discounted the Volterra-Gause theory which 
argued that species must inhabit separate niches in order to cohabitate (James et al. 1984).  
Although the Volterra-Gause theory was accepted by zoologists, botanists in the species-rich 
plant world found it difficult to believe that each plant species could be supported by an 
exclusive niche (Grubb 1977). In present day, the commonly accepted definition of a “niche” 
synthesizes the two main theories of the past, stating that a niche incorporates both the 
environmental needs of a species as well as the species’ impact on the environment (Chase and 
Leibold 2003).  

 In Michigan, areas such as the E.S. George Reserve (Pinckney, MI) were subject to 
historic periodical forest burnings by Native Americans and European settlers. These burnings 
drove succession and prevented the survival of fire-intolerant species (Cardille et al. 2001). 
However, fire tolerant species, such as Quercas sp. (oak), thrived, creating “oak openings” where 
the canopy was made up of a spotty distribution of Quercas sp. and the understory was barren. 
Since the discontinuation of these burnings, niches in the previously inhabitable understory have 
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been populated by Acer rubrum (red maple), Hamamelis virginiana (witch hazel) and various 
other species. This increase in understory competition caused by greater density of fire-sensitive 
species has contributed to the lack of Quercas sp. regeneration (Arthur et al. 1998).  

 This compositional shift of mixed-oak forests is due to the ability of certain seedlings to 
tolerate understory shade (Warren and Gohn 2004).  In the E.S. George Reserve, as Quercas sp. 
individuals die over time, the shade-tolerant A. rubrum and H. virginiana saplings become the 
new canopy, taking advantage of these regeneration niches (Grubb 1977).  Although A. rubrum 
has been shown to have a lower survival rate than Quercas sp.on a per seedling basis, A. rubrum 
has a higher overall fecundity because of its ability to produce a much larger volume of seeds. 
Therefore, A. rubrum has a higher overall probability to capture a regeneration niche and become 
a canopy species than Quercas sp (Beckage and Clark 2003). In addition to fecundity, 
microhabitat quality has a large influence on niche usage and seedling survival. Measurements of 
light availability, soil moisture, and mineral availability revealed that seedling survival and 
relative growth rate had a positive correlation with light availability, while no other microhabitat 
variable was significant (Barlato et al. 2005).  

 In this study, niche usage of A. rubrum and H. virginiana was analyzed to determine the 
effect of microhabitat quality on seedling growth and distribution in a mixed-deciduous forest.  
We hypothesize that A. rubrum and H. virginiana seedlings will have minimal niche overlap, 
with A. rubrum in a wider range of microhabitats based on its natural history. A known area of 
mixed-deciduous forest supporting A. rubrum and H. virginiana seedlings in the E.S. George 
Reserve was selected and seedling age, seedling height, soil moisture, percent canopy cover, 
percent leaf liter cover, leaf liter depth, and percent herbaceous cover were recorded. Forty 
microhabitats of both A. rubrum and H. virginiana, as well as a random control site for each 
pairing, were measured in order to determine if seedlings need a higher quality microhabitat (i.e. 
higher levels of light, higher levels of soil moisture, less competition) than would be found 
randomly.  Data was analyzed using chi-square, paired t-test, and linear regression analysis. 

METHODS 

Study site and organisms 

 In September, 2011 a forest plot located on Big Island at the E.S. George Reserve outside 
of Pinckney, MI was chosen. A mixed-deciduous forest was chosen, populated with a primarily 
oak/maple canopy as well as a few Prunus serotina (black cherry), and an understory dominated 
by H. virginiana and invasive Elaeagnus umbellata (autumn olive) and Berberis thunbergii 
(Japanese barberry) trees and shrubs. Niche differences of specifically H. virginiana and A. 
rubrum seedlings were chosen due their abundance and the relative paucity of other tree/shrub 
species on the forest floor. At each site within the plot, a random point and a H. virginiana and 
A. rubrum seedling (when present, see below) was measured to allow for statistical analysis 
using paired data. 

Sampling design 

 Seedlings were measured along two transects which were set 20 meters apart. Paces were 
used to determine distance, with sampling teams stopping to measure a random point and 
seedlings every 5 paces along the straight transect.  From each random point, the nearest H. 
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virginiana and A. rubrum seedling, that was equal to or less than 3 years old, was measured.  
Each sampling team repeated this method to achieve a sample size of approximately 40 random 
points and seedlings of each species. Due to the aggregated nature of H. virginiana, at some 
sample areas there were no seedlings present.  In this case, two H. virginiana seedlings were 
measured at a later random point along the transect. These multiple H. virginiana measurements 
per random point were averaged to increase accuracy in the statistical analysis.  

Niche factor selection and measurement 

 Based on factors that were easily and accurately measurable given conditions and 
available materials, five aspects of the microhabitat for each seedling and random point were 
measured: percent litter cover, depth of litter, percent ground herbaceous cover, percent shrub 
cover, percent of canopy cover (estimated using a plastic T-shaped densiometer), soil moisture 
(measured using a soil moisture meter, Aquaterr T-300 Soil Moisture Meter), and depth of O 
Horizon in soil. Percent cover data was estimated within a 10cm diameter circle surrounding 
each seedling and each random point. For each seedling, age (estimated by counting apical 
meristem scars), height, and number of leaves was also measured.  

Data Analysis 

 Exploratory data analysis was performed in Excel in the form of frequency distributions 
and linear regressions which plotted 1) A. rubrum vs. H. virginiana, 2) A. rubrum vs. random, 
and 3) H. virginiana vs. random for each of the relevant variables.  Data points of the linear 
regressions were compared to a 45 degree, or one-to-one line, to test for apparent differences 
between the microhabitats. Paired t-tests, using SPSS, were also performed to examine whether 
the differences seen in the linear regressions were significant.  A chi-square test was run to test 
for significant variation from expected for the percent moisture of seedling frequency for each 
species.  

RESULTS 

There was a significant age-dependent relationship between soil moisture and sapling 
species. Soil moisture was significantly different for A. rubrum seedlings and H. virginiana 
seedlings of each age (P<.001) (Figure 1). As age increased, the necessary percent soil moisture 
decreased for each species, with H. virginiana having a wider range than A. rubrum. No A. 
rubrum yearlings were recorded.  

Figure 1: Mean soil moisture and age, p < 0.001  
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For both species, there was at least a slight negative relationship between size and soil 
moisture content (Figure 2). This trend was more pronounced in the H. virginiana, as size can be 
taken as a proxy for age.  

Figure 2: Height and percent soil moisture. A. rubrum: R2 = 0.006, H. virginiana: R2 = 0.0875.  

	  

The data also showed a trend between the presence of both tree species and higher 
percent soil moisture than would be expected randomly, however this relationship was not 
statistically significant (Figure 3; Chi-Square P= 0.367).  

Figure 3: Species distribution frequency and percent soil moisture, p = 0.367 
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to H. virginiana, A. rubrum did not differ significantly in microhabitat percent soil moisture 
(P=0.703) (Figure 6).  

Figure 4: A. rubrum and random point percent soil moisture, p = 0.046. 

	  

	  

	  

	  

	  

 

 

 

 

 

 

The H. virginiana saplings did not appear to have soil moisture content that different 
significantly when compared to both the random point and to A. rubrum saplings (Figures 5 and 
6). 

Figure 5: H. virginiana and random point percent soil moisture, p = 0.327. 
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Figure 6: H. virginiana and A. rubrum percent soil moisture, p = 0.703. 

 

 

 

 

 

 

 

 

 

 

 

Data analysis did not show significant relationships regarding percent litter cover, depth of litter, 
percent ground herbaceous cover, percent shrub cover, percent of canopy cover, or depth of O 
Horizon in soil, therefore those results are not listed.  

DISCUSSION 

 The results showed that underlying characteristics within the microhabitat surrounding 
forest seedlings may be creating optimal niches that promote plant persistence and growth. The 
seed and seedling stage of growth in trees is particularly important because it corresponds to the 
most drastic changes in population and distribution (Nagamatsu et. al 2002). Seedling 
establishment can be defined as "the successful transition from seed to seedling of age two 
years" (Galen and Stanton 1999). Seedling mortality rates are driven by inherent environmental 
conditions, the risks associated with these conditions and the competitive effects of neighboring 
species (Malanson 1997). Conditions surrounding older seedlings are likely more predictive of 
niche characteristics than those surrounding younger seedlings, since random dispersal of seeds 
would result in many young plants in more variable areas that would die off over time. 
Therefore, our results may be skewed by the younger seedling data. A more powerful analysis 
would only look at relatively older seedlings that are around the same age.  

 Soil moisture was directly linked to seedling age for both species (Figure 1).   The larger 
range of percent soil moisture inhabited by H. virginiana might suggest a competitive advantage 
over A. rubrum due to an ability to survive in a broad range of regeneration niches left in the E.S. 
George Reserve once Quercas sp. begins to recede (Figures 1 and 3).  However, these results 
contrast other findings which show A. rubrum to have a ubiquitous nature, being present in areas 
with varying light, moisture, and nutrient levels (Abrams 1998). In addition, A. rubrum is a 
prolific seed disperser that maintains a larger seed bank than many other temperate forest species 
(Lambers and Clark 2005). This may be driving the patterns seen in the E.S. George Reserve, 
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allowing A. rubrum to capitalize on a larger proportion of high quality regeneration niches than 
H. virginiana. This is supported by the results which showed A. rubrum were found in areas with 
higher soil moisture than one would be expect to find at random, while H. virginiana was not 
(Figures 4 and 5). It is possible that recent stochastic precipitation events or other confounding 
factors, such as canopy cover, could account for this trend and allow or hinder individual 
seedlings to survive.  Canopy cover could have also served as a confounding factor for height vs. 
percent soil moisture analysis, which was not found to be significant (Figure 2). Additional 
explanations for the range expansion of A. rubrum in eastern North American include fire 
exclusion, selective browsing of A. rubrum's direct competitors, and the abilty of A. rubrum to 
tolerate a range of light and nutrient availability conditions (Abrams 1998, Cardille et al. 2001). 
 
 A. rubrum and H. virginiana were not found to occupy niches with statistically different 
percent soil moistures; therefore our results did not agree with our hypothesis and superficially 
discount the Volterra-Gause theory of each species having a separate niche (Figure 6)(James et 
al. 1984). However, percent soil moisture is just one of the dimensions in Hutchinson’s “n-
dimensional hypervolume.”  Therefore, in order to fully understand the niches of A. rubrum and 
H. virginiana seedlings a more in depth study must be done which evaluates more dimensions 
accurately and simultaneously. The variation and quality of niches at the E.S. George Reserve 
has implications for the future species distributions of competing understory and canopy species, 
which would in turn affect distributions of surrounding flora and fauna. 
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ROCK, PAPER, WITCH-HAZEL: 
AN EXPLORATION OF INTRANSITIVE RELATIONSHIPS IN THE BIG WOODS 

 
KEVIN LI 

 
ABSTRACT 

Black cherry (Prunus serotina), red maple (Acer rubrum), and witch-hazel 
(Hamamelis rirginiana) are three understory species that form conspecific patches 
in the Big Woods of the E.S. George Reserve.  This study attempted to identify 
the competitive hierarchy between these three species by measuring tree age, 
growth rate, and seedling dispersal in transition zones between patches of each 
species.  Species ranked transitively for tree age, growth rate, and seedling 
dispersal, but not in the same order for each measure.  When taking both growth 
rate and seedling dispersal into account simultaneously, the possibility of an 
intransitive relationship arises, with red maple beating black cherry and witch-
hazel (and black cherry also beating witch-hazel) in terms of growth rate, but 
witch-hazel having a competitive advantage over black cherry and red maple 
through seedling dispersal. 

 
INTRODUCTION 

  
 Endogenous pattern formation in nature is the emergence of spatial arrangements from 
interactions between organisms themselves rather than the outside exogenous environment.  
Interspecific competition is one form of interaction that that plays an important role in forming 
community structure (Grace et al. 1993).  Specifically, the existence of intransitive relationships 
among competitors within a community has been shown to have an effect in counteracting the 
competitive exclusion principle and maintaining competitor coexistence in theoretical models 
(Laird & Schamp 2008) and in laboratory microbial community experiments (Kerr et al. 2002).   

Intransitive loop relationships in competitive interspecies interactions occur when there is 
not a consistent hierarchy of competitive performance among species; for example, if species A 
> than species B, and species B > than species C, but species C > species A.  This is in contrast 
with a transitive relationship between competitive species, where dominance adheres to a 
consistent linear hierarchy, such as where A > B > C, and so A is also greater than C (Grace et al. 
1993). 
 This study attempted to detect and measure competitive interactions between black 
cherry (Prunus serotina), red maple (Acer rubrum), and witch-hazel (Hamamelis virginana) in 
the Big Woods by looking at tree ages, growth rates, and seedling recruitment in border areas 
between the patches of each species.  It was assumed that a more competitive species within a 
transition area would have a younger age (signifying a change in community composition), have 
a higher growth rate, and recruit more seedlings.  If an intransitive relationship was present, I 
predicted that dominance of one species over another would not translate to dominance over the 
third species, which would have an advantage over the first species: 

A > B > C, but C > A 
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METHODS 
 

Study site 
 The Big Woods of the E.S. George Reserve in Pinckney, MI is a 22-hectare plot of 
deciduous forest.  Overstory species are predominantly oak and hickory, but understory species 
consist mainly of black cherry, red maple, and witch-hazel.  These three understory species 
compose 75% of the subcanopy and form a mosaic of patches (Allen, http://www-
personal.umich.edu/~dnallen/research.html).  Previous censuses in 2003 and 2008 together 
tagged and recorded the demographic information, including tree species and girth at breast 
height (GBH) of all the trees in the Big Woods. 

 
Transect sampling 

 Nine sites were qualitatively chosen as representative of transitions between black cherry 
and witch-hazel (BCWH, 3 sites), red maple and black cherry (RMBC, 3 sites), and red maple 
and witch-hazel (RMWH, 3 sites) by looking at a map of black cherry, red maple, and witch-
hazel tree distributions in the Big Woods (Figure 1). 
 
Figure 1: Sites chosen as representative transitions between black cherry and witch-hazel (BCWH1-3), red maple 
and black cherry (RMBC1-3), and red maple and witch-hazel (RMWH1-3). 

 
 
 Sampling was conducted in 4m x 40m transects (Figure 2).  A 40-m transect was laid 
with transect tape across the approximate boundary of transition between species of two adjacent 
patches.  Care was taken to ensure that the beginning and end of the transect was predominantly 
the species of the patch, so that an apparent transition would be captured in sampling.  Tree 
sampling was conducted within 2 m on both sides of the transect tape by walking down one side 
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of the transect and scanning for any black cherry, red maple, or witch-hazel plant within two 
meters of the tape.  Once the end was reached, sampling continued back up the transect on the 
other side.  For every individual of the three focus species, tag number, species, and GBH were 
recorded.  If a tree was below breast height (1.3m), then the height was recorded and the tree was 
recorded as a sapling.  If an individual of a species was below 30cm, it was recorded as a 
seedling and no height was recorded.  Also noted was the presence or absence of Japanese 
barberry (Berberis thunbergii). 
 
Figure 2.  Sampling was conducted in a 4mx40m transect.  Black cherry, red maple, and witch-hazel species were 
recorded within 2m of 40m of transect tape on both sides. 

 
 

Analysis 
 The sample data of tagged trees was compared with census data provided by Allen 
(http://www-personal.umich.edu/~dnallen/stuff/bw_data10.csv), and trees that showed 
improbable growth or a switch in species between this study and census data were thrown out as 
errors in sampling.  The remaining dataset was analyzed to estimate age and growth rate.  
Seedling production was analyzed from data on small untagged trees. 

Ages of all trees with GBH (tagged and untagged) were estimated by dividing the girth 
by the average growth rate of the tree species.  Average growth rate was calculated by averaging 
the girth increase of each tagged tree sampled of a species in this study divided by the time 
passed since the first girth measurement.  The estimated ages and species of each tree in a 
transect was plotted against the distance along the transect line for a qualitative comparison of 
species transitions between transects.  A one-way analysis of variance (ANOVA) was performed 
for each group of three patch transition transects to detect differences among the sample sites.  
Sample sites were pooled by transition type, and a student’s T-test was performed for tree age 
between the two species within a transition. 

Alternatively, growth rate could be assumed variable for each tree.  Individual tree 
growth rates were calculated by the difference in GBH divided by the time passed between GBH 
measurements.  This could only be done for tagged trees, so younger trees that were not 
measured in previous censuses were ignored.  Individual growth rates were plotted against 
distance along the transect for a qualitative comparison of growth rates along the transect.  An 
ANOVA was performed for tree species in each transition type (BCWH, RMBC, and RMWH) to 
assess similarity of growth rates for trees of the same species in each transition type.  Student’s 
T-tests were then performed on pooled tree growth rates for the same species between different 
transition types, as well as on the pooled tree growth rates between the two species within the 
same transition (Figure 3). 
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Figure 3: Example outline of statistical tests to compare growth rates for: within a tree species, between samples of 
the same transition type (ANOVA); within a tree species, between two different transition types (Student’s T-test1); 
and between tree species, within the same transition type (Student’s T-test2). 

 
 
 Seedling recruitment was compared for the same species between different transition 
types (e.g. witch-hazel of RMWH and witch-hazel of BCWH), and between different species 
within the same transition type (e.g. witch-hazel and red maple of RMWH).  A Student’s T-test 
was used to detect significance. 
 

RESULTS 
 

Estimated tree ages 
 An average growth rate was calculated for black cherry, red maple, and witch-hazel 
based on the increase in GBH from the earliest available census data (Table 1). 
 
Table 1.  Growth rates calculated from average increase in GBH from the earliest previous census.  Number of trees 
used to calculate growth rate for each species is also given. 

 n Average growth rate 
(cm GBH/yr) 

Black cherry 67 0.64 
Red maple 58 1.3 
Witch-hazel 42 0.44 

 
 Trees with recorded GBH were divided by their corresponding species’ average growth 
rate to obtain an age estimate.  Ages of trees were graphed by species and distance along the 
transect line to create a qualitative representations of tree age along transition gradients (Figure 
4). 
 
Figure 4.  Plots of tree age and species along the transect line for black cherry to witch-hazel transitions (a-c), red 
maple to black cherry transitions (d-f), and red maple to witch-hazel transitions (g-i).  The x-axis is the distance 
along the transect in meters and the y-axis is the age of tree in years.  Asterisks (*) indicate significant presence of 
Japanese barberry. 
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(h)  

(i)  
 
 Statistical tests were conducted to determine if there was a significant difference among 
sample sites of the same transition type.  There was no significant difference among ages of 
either black cherry or witch-hazel for the three BCWH sites (black cherry: p=0.18, witch-hazel: 
p=0.44) or among ages of either black cherry or red maple for RMBC sites (black cherry: p=0.51, 
red maple: p=0.77).  There was, however, a significant difference among red maple ages for the 
three RMWH sites, and a nearly-significant difference among witch-hazel ages for these sites 
(red maple: p=0.00021, witch-hazel: p=0.054).  Examining the three sites by the qualitative plots 
of age by distance (Figure 4 g-i) reveals that plot RMWH1 (Figure 4g) appears different from the 
other two sites.  In addition, this site differs from the other RMWH sites in that there was heavy 
Japanese barberry growth.  Removing this site from the data makes differences in age between 
the remaining two sites non-significant (Student’s T-test, red maple: p=0.79, witch-hazel: 
p=0.57).  Average ages of tree species in a transition was then compared for the three transition 
types.  Student’s T-test showed all age differences between species were significant (Figure 5). 
 
Figure 5.  Comparison of average tree ages for black cherry-witch-hazel transitions (BCWH), red maple-black 
cherry transitions (RMBC), and red maple-witch-hazel transitions (RMWH).  All differences are significant. 
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Growth rate 
 Individual tree growth rates were calculated using change in GBH from an earlier census.  
These were plotted against distance along the transect to provide a qualitative assessment for 
possible change in growth rate by distance (Figure 6). 
 
Figure 6.  Individual growth rates of trees plotted against transect distance for three BCWH samples (a-c), three 
RMBC samples (d-f), and three RMWH samples (g-i).  The x-axis is distance along the transect in meters, and the y-
axis is growth rate in cm GBH per year.  Asterisks (*) represent significant presence of Japanese barberry. 
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(g) * 

(h)  

(i)  
 
 Performing one-way ANOVAs of trees from sample sites within the same transition type 
revealed that growth rates of both black cherry and witch-hazel trees are significantly different 
among the sites sampled for BCWH (BC: p=3.7*10-5, WH: p=1*10-5).  Neither red maple nor 
black cherry growth rates were significantly different between sites of RMBC (BC: p=0.39, RM: 
p=0.81).  Red maple growth rates were different among sites of RMWH (p=0.029), but witch-
hazel was not significantly different (p=0.81).  Examining the plots of growth rate by distance 
shows that RMWH (Figure 6g) once again has a different distribution from the other two 
RMWH sites.  The plot of BCWH2 (Figure 6b) is also different, as there are very few trees that 
are able to be sampled in this analysis and it therefore may not be a robust representation of 
interaction between the two patches.  Removing these two sites results in non-significance 
among black cherries but not witch hazels of BCWH (Student’s T-test, BC: p=0.22, WH: 
p=0.039), and non-significance among red maples and witch-hazels of RMWH (Student’s T-test, 
RM: p=0.51, WH: p=0.64). 
 With outlier sites removed, comparing growth rates of the same species between 
transition types reveals that black cherry has a significantly higher growth rate when growing 
next to red maple than when growing next to witch-hazel (p=0.050), red maple has a 
significantly higher growth rate next to black cherry than witch-hazel (p=0.00014), and witch-
hazel growth rate does not differ significantly between transition types (p=0.72) (Figure 7).  
Within a transition, red maple had a significantly higher average growth rate than both black 
cherry (p=0.00056) and witch-hazel (p=0.0051).  Species growth rates were not significantly 
different for BCWH, but they were nearly so (p=0.070) (Figure 8). 
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Figure 7.  Comparison of growth rates between the same species when growing next to patches of the other two 
species.  Significance was calculated using a Student’s T-test. 

 
 

Figure 8.  Comparison of average species growth rate within each transition zone of red maple and black cherry 
(RMBC), black cherry and witch-hazel (BCWH), and red maple and witch-hazel (RMWH).  Significance done by 
Student’s T-test. 

 
 

Seedlings 
 The number of individual seedlings varied between sample sites, although in general 
witch-hazel seemed to produce the most seedlings, followed by red maple.  Black cherry rarely 
produced seedlings.  However, the Student’s T-test revealed that the number of seedlings 
between species across a transition or in the same species between two different transition types 
were not significant.  The data suggests a general trend of more seedlings of witch-hazel 
wherever it is found in a transition, and more red maple seedlings where it is found with black 
cherry (Figure 9).  Comparisons within a species between different transition types showed no 
significant difference (BC: p=0.83, RM: p=0.14, WH: p=0.14). 
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Figure 9.  Although not significantly different, average number of seedlings was greater for witch-hazel in both 
RMWH (a) and BCWH (b) transitions (p=0.31 and p-0.070, respectively), while red maple had more seedlings in 
RMBC (c) (p=0.16).   

(a) (b)  

(c)  
 

Effects of Japanese barberry 
 I noticed that sites with heavy Japanese barberry presence had different growth rates from 
sites with no or light barberry presence (heavy barberry presence defined as 5 m or more of the 
transect dominated by barberry thickets).  I investigated whether barberry might have an effect 
by comparing one site with barberry to two sites without barberry, all within one transition type 
(red maple to witch-hazel).  Comparisons were done within the same species using a Student’s 
T-test.  Red maple on sites with barberry presence had a significantly higher growth rate 
(p=0.0080), while witch-hazel showed no difference (p=0.59).  I also compared all trees of a 
species in the presence of barberry to trees that were not in the presence of barberry, regardless 
of what transition type they were in.  Red maple and black cherry both had higher growth rates in 
the presence of barberry (RM: p=0.00033, BC: p=0.050), while witch-hazel once again did not 
(p=0.68). 
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DISCUSSION 
 

 When reviewing the results for the three measures of competitive advantage separately, 
the relationship between the three species appear transitive, with one species dominating over the 
other two, and a second species dominating over the least competitive species.  However, the 
dominant species for each measure of competitiveness in this study was not necessarily the same, 
as was also the case for the least competitive species.  If the benefits of competitiveness for each 
category of competition (e.g. growth rate, seed dispersal, etc.) apply to an overall measure of 
competitiveness, then it is possible that by this overall measure of competitiveness the 
relationship of these three species forms an intransitive relationship (although not necessarily a 
loop).  Specifically, red maple, while the most competitive in growth rate, may still lose out to 
witch-hazel in terms of seedling dispersal. 

 
Tree age 

 When examining age differences between the species at transitions zones, both witch-
hazel and red maple were younger when bordering black cherry, while red maple was younger 
than witch hazel where two patches met.  Assuming that younger age indicates expansion into an 
older-aged stand, then the relationship between black cherry, red maple, and witch hazel would 
be: 

red maple > witch-hazel > black cherry, red maple > black cherry 
 
This could suggest that red maple is able to expand into other species patches by encroaching on 
them with newer individuals.  Alternatively, a difference in age could simply be an indicator of 
later settlement, and that red maple is the most recent colonizer of the Big Woods. 
 

Growth rate 
 This study’s method of estimating tree age required the assumption that growth rate is 
constant for a tree species.  An alternative interpretation of competitive interaction between tree 
species is that growth rates can be altered, possibly by shading or allelopathy, by one species to 
another.  This study found a significantly greater growth rate for red maple and black cherry 
when these two species bordered each other, as compared to when they bordered witch-hazel.  
Additionally, witch-hazel growth rate did not differ significantly between transitions with red 
maple and transitions with black cherry.  These results could suggest that: a.) witch-hazel has the 
ability to suppress its neighbors’ growth rates, b.) witch-hazel growth rate is not differently 
affected by outside factors, c). growth rate is somehow enhanced in the red maple-black cherry 
sites, or d). some combination of these factors.  Regardless, the ranking of effective growth rates 
among the three species is: 

 
red maple > black cherry > witch hazel, red maple > witch hazel 

 
It should be noted that witch-hazel growth rates were significantly different in the black cherry-
witch-hazel sample sites.  However, witch-hazel growth rates between transition types were not 
significantly different, so the difference between sample sites may not have mattered. 
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Seed dispersal 
 There was not enough seedling data to demonstrate a statistically significant effect, 
although there were obvious trends in what species tended to produce more seedlings.  Based on 
these trends, the relationship among the three species would be: 
 

witch-hazel > red maple > black cherry, witch-hazel > black cherry 
 

Witch hazel thus appears dominant in the number of seedlings produced.  However, additional 
samples would be required to determine whether these results are significant. 
 

Intransitive loop? 
 When viewed by one type of competitive interaction alone, the competitive relationship 
between these three species appears consistently ranked and transitive.  Thus, if A > B and B > C, 
then A > C.  The introduction of a second variable into these relationships can allow the 
occurrence of intransitivity, so that the last one in the ranking can beat the others by this new 
variable (Silvertown & Dale 1991).  Based on preliminary results presented here, this study 
proposes that through a seedling dispersal advantage, witch hazel may be able to beat the growth 
rate advantages of red maple and black cherry and create an intransitive relationship (Figure 10). 
 
Figure 10.  Intransitive relationship between red maple, black cherry, and witch-hazel.  Although red maple has a 
competitive advantage over black cherry and with-hazel (a transitive relationship), it is possible that witch-hazel can 
gain a competitive advantage through seedling dispersal. 

 
 Further study is needed to confirm the existence of an intransitive loop between black 
cherry, red maple, and witch hazel.  A measurable effect needs to be developed to incorporate 
the advantages conferred by greater growth rate and greater seedling recruitment.  This could be 
a modified version of tree age, such as a relative measure of age or size that relates sizes of trees 
on the inside of a patch to tree sizes at the patch transition.  If measured in all directions, this 
may be able to capture the ‘movement’ of the patch, i.e. the direction where recruitment and 
growth seems to be occurring the most.  The measurement of tree age in this study was limited in 
its ability to explain what was happening at a border, or whether age differences were been due 
to invasion or colonization circumstances.  In addition, given that growth rate may change with 
different environmental conditions or different forest communities, as what appears to be the 
case in this study, the method of tree age estimation used here may not have been the most 
accurate for all trees. 
 There are several factors that may confound the results of this study or future similar 
studies, if not properly addressed.  Witch-hazel appears to experience an inhibition of seedling 
recruitment at larger cluster sizes similar to a Turing mechanism (Allen et al. 2006).  This may 
affect seedling recruitment for witch-hazel in some cases.  In addition, I observed that red maple 
and black cherry have increased growth in the presence of barberry, while witch-hazel does not 
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seem to be affected.  This could perhaps be explained by the increased rates of nitrification and 
earthworm density found to be associated with Japanese barberry thickets (Kourtev et al. 1999).  
However, because this was not the focus of this study, this effect was not rigorously tested.  To 
emphasize this, note that the entire group of black cherry-red maple transition sites all had heavy 
barberry presence, so it is difficult to say for sure whether effects on growth rates were due to the 
transition type or barberry presence.  Comparisons of red maple with and without barberry in 
RMWH transitions seem to suggest that the barberry does at least have an effect on red maple. 
These complications underscore the difficulty that may arise in identifying interspecies 
interactions.  Future studies should exclude sites with heavy barberry presence as well as study 
more rigorously how barberry affects each species differently, and whether this brings another 
dynamic into the competitive interactions of black cherry, red maple, and witch-hazel. 
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THE EFFECT OF GAYLUSSACIA BACCATA ON THE RED MAPLE PARADOX 

ALEX TAYLOR 

 

ABSTRACT 

Red Maple (Acer rubrum) has been replacing oaks (Quercus spp.) in the forests of 
Eastern North America for the past century, largely because of differences in 
reproductive success, in process known as the “Red Maple Paradox”. This pattern 
is likely the result of recent major anthropogenic changes to these forests, such as 
fire suppression and the proliferation of deer. However, the process plays out 
differently in different microhabitats due to the interplay of multiple local biotic 
and abiotic factors. This study investigated the reproductive success of oaks 
across different microhabitats in the Edwin S. George Reserve (ESGR), and found 
striking differences in oak reproduction and recruitment between these areas. 
Huckleberry (Gaylussacia baccata) density was found to account for some of 
these differences, demonstrating the importance of plant interactions to the 
dynamics of the Red Maple Paradox. 

 

INTRODUCTION 

 Red Maple (Acer rubrum) has been replacing previously dominant oaks (Quercus spp.) in 
hardwood forests across Eastern North America throughout the 20th century, as oaks fail to 
reproduce at replacement rate and Red Maple reproduce prolifically. This phenomenon is known 
as The Red Maple Paradox (Abrams 1992), so called because the pattern is not easily explained 
by physiological characteristics of either species. Both species are native to the region, and 
historical records indicate that, when Europeans arrived to these forests, oaks were widespread 
and Red Maple predominantly occupied swampy regions (Abrams 1992). Although Lorimer 
(1994) found evidence that Red Maple seedlings and saplings competitively exclude oak 
seedlings directly through shading, more recent studies have not found this pattern (McDonald 
2002), suggesting a more nuanced mechanism. Presumably, Red Maple has not recently evolved 
some adaptation to outcompete the oaks, so the Red Maple Paradox is likely explained by some 
change in the conditions in which they compete (Abrams 1998). Regardless of whether this 
competition is direct or indirect, it is likely mediated by some third factor, whether shared or 
unique to each species. 

In this vein, several theories (Abrams 1998) have sought to identify which factors may 
have influenced the reproductive success of the two species to cause such a dramatic shift, 
sensibly focusing on the anthropogenic changes brought on by the arrival of Europeans to North 
America and the subsequent Industrial Revolution. Abrams (1992) attributed the pattern to 
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abiotic factors such as the suppression of fire, which oaks can survive but Red Maple cannot; the 
openings in the canopy brought on by fire are thought to be crucial to recruitment of shade-
intolerant oaks, and in their absence shade-tolerant species such as Red Maple and Black Cherry 
(Prunus Serotina) have thrived. Changes in the dynamics of biotic interactions, such as the 
proliferation of white-tailed deer (Odocoileus Virginia) (Bramble 1953), which preferentially 
browse on oak seedlings, or the introduction of the Gypsy Moth (Lymantria dispar), a major oak 
pest (Jedlicka 2004), have also been studied as possible mediating factors. However, relatively 
little work has been done on the effect of plant competitive interactions on the Red Maple 
Paradox (McDonald 2002). 
 The interactions of oak and Red Maple follow different dynamics in different habitats 
(Abrams 1998, McDonald 2002), based on the relative ability of the two species to tolerate 
different water availability, soil conditions, light levels, herbivory, and competition from 
different plants, among other factors. The differences between habitats allow for a comparative 
approach to shed light on factors influencing the Red Maple and oak reproductive dynamics. The 
Red Maple Paradox is clearly unfolding in the forests of the Edwin S. George Reserve (ESGR), 
as evidenced by the dearth of oak saplings and the contrasting abundance of Red Maple saplings 
growing up under the oak canopy. Previous casual observation had suggested that oak seedlings 
and saplings were more prevalent in certain areas of the ESGR, particularly around the hummock 
islands of Big Swamp and around Buck Hollow. These areas have several things in common - 
they are sunny and sandy, environmental factors shown to positively impact oak reproduction 
(McDonald, 2002) and have high densities of Huckleberry (Gaylussacia baccata) and low 
densities of Red Maple (Allen, personal communication). This study investigates the possibility 
that such habitats could provide a refuge for oaks, and endeavors to reveal biotic interactions that 
may mediate oak reproduction. Specifically, Huckleberry was hypothesized to facilitate the 
reproductive success of oaks. This information could shed light on how the dynamics of the Red 
Maple Paradox unfold in different habitats, as well as bring plant competitive interactions into 
the picture. 
 
 

METHODS 

 In order to assess reproductive health of oaks, large Black/Red Oak hybrids (Quercus 
velutina/rubra) with a Girth at Breast Height (GBH) between 1.35-2.9 meters were sampled in 
several sites shown in Figure 1 - White Oaks (Quercus alba) were excluded from sampling since 
there was limited sampling size and oak species would have then been a confounding variable. I 
counted seedlings in a 0-5 m and 5-10 m radius around each index oak, to investigate differences 
in acorn dispersal. Seedlings were categorized as above or below 30 cm in height, based on the 
idea that those over 30 cm would better represent actual oak recruitment. To the same end, I also 
counted Black/Red Oak saplings within 10 m and estimated height. As measures of 
characteristics of the habitat, I took soil samples that were later analyzed for pH. I also noted 
other trees and woody shrubs in vicinity, including Red Maple seedlings. I estimated 
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Huckleberry density on 0-4 heuristic scale to gauge its effect on oak reproduction, where 0 
indicated no Huckleberry present and 4 meant Huckleberry so dense that all the individuals were 
touching each other. 

 

Figure 1. Areas of sampling - I chose the Woods along Esker Rd. between Buck Hollow and the Hill-and-Dale 
house (1) and along Crane Pond road near the Blowout (6) as examples of “Woods” habitats in which the Red 
Maple Paradox is strong. The habitat in Buck Hollow (2) and the Big Swamp Hummocks - Big Island (3), Little Big 
Island (4), and Hourglass Island (5) - were chosen for their abundance of G. baccata and corresponding oak seedling 
abundance, based on previous casual observation 

 

 

RESULTS 

There was a striking difference in oak reproduction and recruitment between the different 
sampling locations. The Eastern rim of Buck Hollow was the only location with oak saplings – 
16 were observed within 10 m of the five index oaks sampled there, ranging in height from 2 to 
4.5 meters. Seedlings over 30 cm in height, presumably also an indirect measure of seedling 
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recruitment, were also far more common on the Eastern Rim of Buck Hollow than anywhere else 
(see Figure 3), although there were some on the Big Islands and a few on Hourglass. There were 
no Buck Hollow was divided into two regions for analysis based on the difference in habitat – 
The Eastern rim of Buck Hollow has Huckleberry, and is sandy and sunny, whereas the Western 
rim more closely resembles the woods found along Esker Rd – shady and without Huckleberry. 
The Esker Rd. region was divided from the Western rim of Buck Hollow based on the ridge 
around Buck Hollow. 

Factors such as pH, GBH, and presence of Red Maple seedlings did not have a significant 
effect on seedling abundance, though the latter did show an insignificant trend of fewer oak 
seedlings where there were Red Maple seedlings (Welch’s T-Test p=0.204). There was also no 
observed difference in seedling dispersal between locations or based on GBH or Red Maple 
seedling abundance. The abundance of Huckleberry exhibited a strong effect on oak seedling 
abundance (R2=0.39), with the most oak seedlings found in areas of intermediate Huckleberry 
cover. Areas without Red Maple had a slightly higher Huckleberry abundance (1.4) than areas 
with Red Maple (1.25), though this was insignificant in a Welch’s T-Test (p=.79). Since 
Huckleberry is known to make the soil more acidic, I also looked at the effect of pH on oak and 
Red Maple; for oaks, there was no effect. However, soils where Red Maple saplings were 
growing were slightly more acidic (average pH = 5.75) than places soils with no Red Maple 
present (average pH = 6.02), though this relationship was insignificant (p=.205).  
 

 
Figure 2: Average number of seedlings less than 30 cm within 10 m of an index oak, averaged for each location 
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Figure 3: Sum of height of seedlings greater than 30 cm within 10 m radius of index oak, averaged between oaks in 
the same location. For example, if there were 2 seedlings, 40 and 60 cm within 10 m of oak 1, the value for oak 1 
would be 100. This value would then be averaged with all other oaks in this location. 

 

 

Figure 4: Number of seedlings less than 30 cm tall within a 10 m radius of index oak as a function of estimated 
Huckleberry abundance. Each point represents an individual index oak. 
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DISCUSSION 

 This study helps to shed light on the nuances in the Red Maple Paradox at the 
microhabitat level. Red Maple is expanding into previously oak-dominated forests, but this 
phenomenon is unfolding in different ways depending on local biotic interactions, resulting in 
oak refugia. Specifically, Huckleberry seems to have an effect on abundance of oak seedlings, a 
variable crucial to understanding the dynamics of the Red Maple Paradox. Additionally, the rate 
of oak seedling recruitment, as measured by presence of oak saplings, varied greatly between 
sampling locations, probably as a result of unaccounted for abiotic conditions – the Eastern Rim 
of Buck Hollow, where all saplings were found, is a particularly sunny area with sandy soil. 
While the disappearance of oaks from Eastern North American hardwood forests is still a cause 
for concern, this concern should be focused more on the ecological effects of oak decline rather 
than on oak extinction per se.  

Red Maple and Black/Red Oak are in the process of switching favored habitat – Red 
Maple is traditionally known as a swamp tree (Abrams 1998), whereas Black/Red Oak 
traditionally dominated the whole forest, but the trend is pointing towards the opposite 
distributions in the future. These changes likely reflect the change in fire regime, from active 
fire-starting by Native-Americans to European-American fire suppression (Abrams 1992). Red 
Maple is intolerant to fire, and so was thought to be taking refuge in swampy areas even though 
it tolerates a wide range of conditions; fire-tolerant oaks thrived under Native-American fire 
regimes and the “oak openings” habitats they created. Though the lack of forest fire in Eastern 
North American is anthropogenic, so were the frequent fires preceding European colonization – 
perhaps these forests are returning to a more “natural” state, similar to their composition before 
Native-American fire regimes. In this framework, Huckleberry’s fire-tolerance (Elliott 1999) 
combined with its effects on oak reproduction leave open the possibility that, in a natural regime 
of relatively infrequent fires, these two species can synergistically and periodically invade Red 
Maple territory, creating a dynamic equilibrium mediated by fire. 
 Though the data collected clearly demonstrates the existence of oak refugia, it may also 
point to a more nuanced web of biotic interactions influencing abundance of Red Maple, 
Red/Black Oak, and Huckleberry. The Huckleberry seems to promote oak seedling germination, 
or at least coincides with conditions that promote it. The Red Maple reproduces in areas of low 
oak regeneration (Lorimer 1994), regardless of whether this is the result of direct competition or 
other factors.  Though not statistically significant, Red Maple was observed more frequently in 
areas with fewer Huckleberry bushes, suggesting the possibility that Huckleberry in some way 
excludes Red Maple seedlings - the natural history suggests that both species thrive in similar 
conditions, so competition seems probable (Abrams 1998, Elliott 1999). With these data, it may 
be that the three species form an intransitive loop (Vandermeer 2010), in which Red Maple 
outcompetes oak, Huckleberry facilitates oak reproduction, and Huckleberry outcompetes Red 
Maple – a loop of competition and mutualism that may keep these species in coexistence. 
 The Red Maple Paradox may have drastic ecological effects, and accordingly many 
studies have uncovered various parameters accounting for this pattern, such as shade-tolerance 
and fire (Abrams 1998). However, we are still far from a complete understanding of the 
dynamics of the Red Maple Paradox, particularly in regard to the effect of plant competitive and 
mutualistic interactions, and biotic interactions in general. Future studies could incorporate the 
abiotic factors previously identified and investigate how they may influence the biotic 
interactions that have been considered more recently (Jedlicka 2004), in order to gain a more 
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complete picture of how the Red Maple Paradox may play out across different microhabitats.  
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FUNGAL DIVERSITY IN TWO DIFFERENT WETLAND ENVIRONMENTS IN THE  
E.S. GEORGE RESERVE 

 
LEAH MURRAY 

 
ABSTRACT 

Two different types of wetlands, a Tamarack Swamp and a Peat Bog, were looked 
at to compare fungal diversity in the areas, respectively. The sites were similar in 
floral species present, yet vary different in terms on Sphagnum cover and layout 
of the land. Because of these differences,  
I expected to see differences in the fungal diversity within the two sites. No 
differences in species composition were found, and the sites had the same fungal 
species dominating the sphagnum, Lacterius thejogalus, and Galerina pumila. 
Further study may be able to infer differences in the two wetlands based on fungal 
diversity alone. 
 

INTRODUCTION 
 

 
  Though scientists tend to classify wetlands in categories such as bog, fen, and 
swamp- no two of them are exactly alike making them incredibly difficult to classify (Crum 
1992). This is due to the many factors that form them, such water retention and movement, 
floristic cover, geography, nutrient levels, pH.  In the area of study, E.S. George Reserve (and all 
of the surrounding regions), wetlands are especially variable due to the history with glaciers.  In 
many areas, kettle lakes formed due blocks of ice breaking off receding glaciers and outwash 
material covering the ice, causing immense pressure and eventual holes (or lakes). When such 
holes are paired with minimal water movement and little nutrients, bogs have the ability to form.  
Bogs become peat-lands when decomposition rates are slower than the accumulation rates, 
forming a layer of non-decomposed organic matter. Besides kettle lakes, many other types of 
landforms caused by the glaciers have formed wetlands with similar capabilities of the bogs. 
 In these wet, acidic peatlands, mycorrhizal partnerships between plants and fungi have a 
limited significance (compared with surrounding terrestrial systems). However, plant families 
common to the wetland, such as Ericaceae and Orchidaceae as well as Pinaceae species 
Tamarack and Black spruce, do form mycorrhizae. These plant species are supported by a 
sphagnum moss that forms a mat over wetland, which too relies on many types of algae and 
fungi to buffer against the acidity.  Along with the sphagnum, may tree species have had to 
evolve in these environments amidst the poor nutrition and acidic soils.  To cope with this the 
plants form mycorrhizae with fungal partners to increase intake of water and nutrients (Crum 
1992).   
 In the area studied, the dominant tree species in both sites was Tamarack (Larix larcinia). 
Although the both sites had L. larcinia as their dominant species, the sites varied greatly. The 
first site, a “Tamarak Swamp” (Crum 1992), is bordered geographically by two small islands and 
an esker, and and Sphagnum occurs in it patchily. This swamp is able to gain run off from the 
steep esker adjacent to it, making the nutrient input quite different from the other study site, a 
sphagnum bog.  The bog, also has L. larcina being its dominant tree species, but its Sphagnum 
covers the entire site. Although there are many ways one could compare these two sites, I aim to 
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compare fungal diversity, assuming the differences in species composition will suggests 
differences in wetland type.   

METHODS 
 
 I collected sporocarp samples within two wetland areas of the E. S. George Reserve in 
Pinckney, Michigan (Livingston County). The locations (Figure 1) were chosen based on their 
presence and variability of Sphagnum Moss (Sphagnum sp.) and Tamarak (Larix larcinia).  
 
Figure 1: Two sampling sites within swamp regions of the E.S.G.R., The green arrows represent sites 1 & 2 sampled 
between Little Big Island and Daloutikis Island, red arrows represent sites 3 & 4 sampled in Cassandra Bog.  

 
. 
 
 
 I selected transects based on sheer arbitrariness and walked into the swamp toward the 
nearest landmass, collecting or photographing all specimens, and noting down their presence. I 
was solely looking for specimens growing on sphagnum moss, which covered all sites samples to 
varying degrees.  After organizing the specimens into morpho-species categories based on their 
color, texture, and overall morphology, I keyed them out using several different fungal keys to 
find out their respective species.  
 

RESULTS 
 

Fungal Diversity 
  

 All specimens found were basidiocarps (gilled fungi) with the exception of one 
Ascomyctes (cup fungi) being the eyelash fungus (Scutellinia scutellata). Twelve difference 
genera of fungi were found total. 
 
  
Figure 2: Species composition sorted by site; (1 & 2 are swamp species, 3&4 are bog) 
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The number of species found at each site did not vary with 6 species being found at Site 
1, 2, and 3, and 7 species being found at Site 4 (Figure 3). There was, however a difference in 
number of specimens found per species, with Lactarius thejogalus and Galerina sp. being most 
bountiful.	  
  
Figure 3: Number of species found at each site 
 

 
  
Figure 4: Illustration of species found in increasing quantity. 
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Figure 5: Quantity of specimens of Lacterius thejogalus found at each site, the swamp and bog respectively. 

 
DISCUSSION	   

 
Though the sphagnum in the swamp site was patchier than the bog site, the number of 

species found appeared to be the same in both sites.  Species composition also did not appear to 
differ. Perhaps fungal diversity cannot tell us much about differences between wetland 
ecosystems, regardless, a longer field study would tell us more. Both generalist and specialist 
fungal species were found, with the most common species found being Lacterius Thejogalus, 
Galerina sp. (most likely Galerina pumila) both specialist of Sphagnum-laden environments. 
The slight increase in specimens of Lacterius thejogalus found at the bog, may be due to 
sampling error, or possibly because it is more nutrient poor than the Tamarack Swamp (Figure 
5).  The swamp can accumulate nutrients from the steep esker to its north, while the species in 
the bog have no such luxuries.  Because of this, the bog species may form more elaborate 
relationships with mycorrhizae in order in gain access to what little nutrients are present. 

0	  
10	  
20	  
30	  
40	  
50	  
60	  
70	  

Series1	  

64	  

66	  

68	  

70	  

72	  

74	  

76	  

78	  

80	  

82	  

1	   2	  

N
um

be
r o

f S
pe

ci
m

en
s 

Swamp (Sites 1 & 2)                               Bog ( Sites 3 & 4) 

325



Though there appears to be minimal differences between the two study sites, the types of 
Boletes found at each site differ with the Tamarack Swamp having Boletus pallidus and the Bog 
having Fuscoboletinus spectabilis. If the survey was continued over the period of the entire 
season, rather than just one day, more information could be inferred.  Regardless, these wetland 
habitats offer unique species, of both fungi and flora, accustom to growth in the acidic, oxygen 
poor, wetlands.    
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SPECIES RICHNESS AND SPATIAL PATTERNS EXIBITED BY FUNCTIONAL GROUPS OF 

FUNGI AND LICHEN  

 

PAUL GLAUM, MARIA RIOLO, KEVIN LI 

 

ABSTRACT 

 

Spatial patterns exhibited in nature are rich with complexity and have been well studied 

in a number of different ecosystems and species.  One area where knowledge is still 

lacking is spatial patterns of fungi and lichen.  Fungi also have a poorly understood range 

of species diversity and richness.  This study delved into these questions by examining 

different functional groups of fungi and lichen.  The results of this study show species 

richness and spatial patterns differ by functional group but that spatial patterns exhibited 

appear to be mostly random.  These findings imply that decomposer fungi in the Big 

Woods may be dominated by a strong generalist.  Also, the broad range of random spatial 

distribution may suggest a large scale force at work which would demand large scale 

study in order to properly investigate.  

 

INTRODUCTION 

 

 The Big Woods plot of the ES George Reserve has been an invaluable tool in the study of spatial 

patterns exhibited by various species in the Reserve.  Allen found Witch Hazel to exhibit non-random 

clumping patterns and that this pattern appears to be driven by infestation of a weevil that is detrimental 

to the fitness of attacked Witch Hazel individuals (2011).  Field problems of the Field Ecology course 

have also successfully found significant spatial patterns in other organisms ranging from Japanese 

barberry (Guittar, 2010) to blue spotted salamanders (Moore et al, 2011).   

An area that has yet to be researched as fully in the Reserve is spatial patterning of fungal species.  

Fungal spores are wind dispersed which allows most fungi to have a wide dispersal range.  Due to 

dispersal not being a limiting factor, one might expect less clumping in the spatial distributions of fungi.  

However, spatial patterning in fungi may not be wholly a product of their dispersal distance.  As fungi 

depend on the substrate of organic and inorganic material available to them, extrinsic environmental 

factors can significantly influence the development of fungal colonies and their spatial patterns (Ritz, 

2007).  This suggests that any patterns observed in fungi will be, at least in part, determined by 

extrogeneous factors which are measurable without delving into endogeneous fungi specific chemistry. 

Given the available resources of this study it may seem plausible to question the viability of such an 

investigation that does not have knowledge of the physical and chemical constitution below the surface of 

the soil.  However, this investigation was conducted in a forested area.  Soil that can support forested 

areas is a good indicator of a high ratio of organic soil to mineral soil (USDA, 1998) and organic soils 

present little in the way of physical barriers to fungal growth (Ritz, 2007).  Therefore, it is safe to assume 

our investigation did not lose insight from a lack of knowledge of underground physical conditions.  

Furthermore, patterns in the chemical composition of the soil could be taken from clues provided by the 

environment of the sample sites (though as discussed later, more in depth knowledge of chemical 

composition may be important to further studies).   
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 In addition to mapping possible spatial patterns of fungi in the Big Woods plot, our surveys also 

allowed the opportunity to investigate the species richness and diversity of fungi on the Reserve.  Even 

beyond the boundaries of the George Reserve, comparatively little is known about the species diversity in 

fungi (Newbound et al. 2010) (Opik et al. 2008).  This study focused on the use of morphospecies to 

identify various sub-groups of fungi and then compared densities and species composition among 

categories with species accumulation curves.  The plethora of functional roles fungi play in ecosystems 

make understanding their species composition and subsequent niches all the more important to 

understanding ecosystems as a whole (Ritz, 2007).  Given the general nature of this study, lichen on 

living trees were also taken into account when sampling.  While the physiology of lichens are quite 

different to that of an isolated fungus, lichens use fungi as an inherently essential part of their structure 

(Morris, 2007).  Furthermore, lichens similar vulnerability to extrogeneous environmental factors 

(Hawksworth, 1976) makes studying their spatial patterns and diversity a justifiable pursuit from the 

stand point of a broad investigation.   

 

METHODS 

 

Three separate plots in the ‘Big Woods’ area of the ESG Reserve were surveyed for fungi and 

lichen.  The three plots were chosen to create a suitable gradient of tree species and a high occurrence of 

each species.  Sites were also chosen in order to create a heterogeneous mix of environmental elements.  

Site 1 was located roughly between 0m and 100 m along the x axis and 300m and 400 m along the y axis.  

Site 2 was located between 200m and 300m along the x axis and 200m and 300m along the y axis.  

Finally site 3 was located roughly between 300m and 400m along the x axis and 0m and 100m along the 

y axis.   

Figure 1: Figure showing the Big Woods plot and the location of the three sampling sites. 
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 Each site was surveyed by walking vertically along the y axis of the map (See Figure 1) until 

coming to the end of the plot.  We then moved horizontally along the x axis to go back the direction we 

came while covering unsampled territory (See Figure 2).   

 

Figure 2: Figure displaying the sampling technique used to thoroughly cover ground during the surveys of the three 

sites. 

 
Fungus sampled was limited to epigeal fungi with visible fruiting bodies.  These fungi were 

separated into 3 categories: fungi growing in the soil (category 1), fungi growing on dead tree material 

(branch or trunk) (category 2), and fungi growing on living trees (category 3).  As the species of fungi 

sampled in each category did not appear to overlap, each categories’ fungi was sampled separately and 

morphospecies were also separately attributed.  Therefore, after sampling, there were three categories of 

fungi, each with their own distinct set of morphospecies used as descriptors in place of actual 

species/genus names.  Locations of each fungi found were taken by recording the nearest tree tag.  Due to 

the difficulty of attributing fungi in the soil to a specific tree and the difficulty of identifying tree species 

of dead tree material, tree tags were used solely to obtain locational data in those categories.  When 

observing fungi/lichen on living trees however, the tag from that tree was used to record its location and 

species.  Spatial patterns and incidences of non-random clumping of fungi and lichen in each site were 

examined using residual occupancy plots and Ripley’s K analysis.   

 

RESULTS 

 

 Across the three sampled sites, morphospecies were tallied for each of the three categories.  

Tallying the morphospecies across all the sites for all three categories resulted in 22 distinct 

morphospecies of fungi growing in the soil, 6 morphospecies of fungi growing on dead plant material, 

and 25 morphospecies of fungi/lichen growing on living trees.  Species of accumulation curves were 

created for each category at each site (see Figure 3).  We can see from the accumulation curves that fungi 

growing on dead plant material had the least species richness and diversity and seemed to be dominated 

by a single morphospecies (Figure 3).  Fungi growing in the soil and on living trees however, displayed a 

much higher degree of species diversity (Figure 4 and 5).  As fungi/lichen living on living trees were 
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easily attributed to a single tree, Figure 5 shows category 3 fungi from all three sites combined but breaks 

up the accumulation of morphospecies of fungi per species of tree. 

 

Figure 3: Species accumulation curves for fungi growing on dead plant material in site 1(3a,) site 2(3b) and site 

3(3c).  

 
 

Figure 4: Species accumulation curves for fungi growing in the soil in site 1(3a,) site 2(3b) and site 3(3c). 

 
 

Figure 5: Combined species accumulation curve for all sites of fungi and lichen growing on live trees. 

a.) b.) c.) 

a.) b.) c.) 
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 Further delving into the species composition of the fungi found on dead plant material shows that 

the morphospecies form a power law distribution.   

 

Figure 6: Rank abundance curve of morphospecies abundances of fungi growing in dead tree material.   

 
 Spatial patterns for the fungi and lichen morphotypes in each site were investigated first by 

assigning each incidence of fungi to the tree tag that was recorded with that particular fungi’s location and 

plotting that data using the Big Woods database.  When clumping was readily apparent, residual 

occupancy plots were made to determine if further analysis with a Ripley’s K test was warranted.  

Residual occupancy plots show where the morphotypes occurred and how expected the occupancies were 

based on tree species.  In mathematical terms, they show actual occupancy minus expected occupancy 
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with a gradient of colors.   Black to grey signal that the location was occupied and was not expected to be 

occupied.  The darker the black, the less expected the occupancy.  White signals that the state of the tree 

in the actual data was as expected.   Dark red to pink signal that the tree was not occupied by fungi or 

lichen and was expected to be based on the average occupancy of that tree species.  Darker reds show 

higher expected occupancies of the unoccupied trees.   

 In the bulk of our spatial analysis, fungi occupancy of trees showed no significant difference from 

random Poisson distributions (results not shown).  Few instances displayed significant patterns, however.  

Figure 7a shows the actual locations of the lichen morphospecies, “Blue Green” (BG) in site 2.  Notice 

Figure 7b, the residual occupancy plot, shows a clustering of tree locations with dark black markers.  This 

indicates that at those locations, occupied trees were found at a rate higher than would be expected by 

complete spatial randomness.  This results prompted analysis with the Ripley’s K test and BG in site 2 

was found to exhibit significant clumping at a distance greater than a few meters (see Figure 8).   

 

Figure 7: The actual occupancy (7a) and residual occupancy (7b) of lichen morphospecies “Blue Green” in site 2.  

Residual occupancy plots show where the morphotypes occurred and how expected the occupancies were based on 

tree species.  In mathematical terms, they show actual occupancy minus expected occupancy with a gradient of 

colors.   Black to grey signal that the location was occupied and was not expected to be occupied.  The darker the 

black, the less expected the occupancy.  White signals that the state of the tree in the actual data was as expected.   

Dark red to pink signal that the tree was not occupied by fungi or lichen and was expected to be based on the 

average occupancy of that tree species.  Darker reds show higher expected occupancies of the unoccupied trees. 

 
Figure 8: Ripley’s K analysis of lichen morphospecies Blue Green in site 2. 

a.) b.) 
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 A similar process found that lichen morphospecies “Green” (G) exhibits a clumping pattern in 

site 3 at a distance of roughly 5 meters (actual locations and residual occupancy plot not shown, for 

Ripley’s K, see Figure 9).   

 

Figure 9: Ripley’s K analysis for lichen morphospecies Green in site 3. 
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DISCUSSION 

 

This study examined a very broad cross section of the fungal and lichen diversity of the Big 

Woods.  Although the forms, habitats, and life histories of the fungi examined are somewhat different, 

their observation in tandem enables us to distinguish differences in the spatial dynamics of the habitat 

niches they occupy.   By looking at species richness throughout the habitat types, there seems to be a 

definite difference in the factors that affect fungal diversity between soil, deadfall, and live tree habitats.  

Fungi in the soil had by far the greatest species richness, with almost no overlapping species between 

sites.  Deadfall fungi, on the other hand, were mainly comprised of six main species that were observed in 

all three sites, and live tree fungi were also repeated between sites.  The drastic difference in species 

richness between the soil fungi and the deadfall and live tree fungi could indicate a difference in 

opportunities for specialization within the habitats created by each substrate. Soil is spatially 

heterogeneous, which creates a diversity of microhabitats, which permits resource partitioning, which 

supports biodiversity.  This phenomenon is further promoted by the limited mobility of soil organisms, 

which can reduce contact between competitors and makes coexistence of competitors in soil possible 

(Ettema & Wardle, 2002).  Soil fungi thus potentially have a diversity of niches, with multiple species 

occupying each niche, and protection from competitors within the same niche. 

  Certain fungi and lichen found on live trees seemed to specialize somewhat by tree species, of 

which there are only a relatively limited number in the Big Woods.  Fungal diversity was even more 

limited on deadfall, although it was difficult to observe specialization because identifying the deadfall tree 
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species was not always possible.  The greater diversity between tree-related substrates found in live tree 

fungi may be conflated by the incorporation of lichens into the category, since lichens were not recorded 

in the two other censuses.  In any case, the lower diversity in tree-related fungi as compared to soil fungi 

may reflect the lower 

Spatial distribution was only measured in live tree fungi, since tree tagging in the Big Woods 

provided ready spatial information of every single tree, and therefore every possible fungi location for 

live tree fungi.  The results show only two of the morphospecies sampled exhibit significant clumping.  

Further investigation is needed to determine what causes this pattern.  Additionally, future studies could 

also incorporate aggregation analysis for soil and deadfall fungi as well. 

Spatial aggregation of fungi could be understood through the differences in dispersal dynamics 

between species of fungus or lichen.  Species that are clumped, such as the “Blue-Green” and “Green” 

morphospecies of live tree fungi may have limited dispersal distances, and so can only be found within 

this distance from other colonies of the same species.  Clumping of fungi may also be a reflection of 

specialization.  For example, if the “plate” morphospecies of deadfall fungus is a generalist and is on most 

things, it makes more sense to see little clumping as it is able to thrive in seemingly any downed wood. 

The differences in species richness and aggregation among and between the fungal species that 

inhabit the soil, deadfall, and live trees in the Big Woods might ultimately be determined by the scale of 

the processes that dominate their distribution.  A monotonous distribution of a few species across 

different sites, as was observed with deadfall and live tree fungi, may indicate larger-scale processes at 

work, such as climate and topography factors which influence the tree communities on which these fungi 

grow.  Soil, as discussed above, can provide a diverse habitat at a small scale, and so fungal diversity may 

change very quickly in very little space. 

The nature of this study was very general, and future studies would benefit from a deeper 

understanding of the biology of the fungi and lichen that are found in the Big Woods, in order to begin to 

make sense of the ecological processes behind the spatial patterns we observed.  Based on the results of 

this study, it seems that these processes operate at two different scales: larger than the three sites that we 

sampled, as was the case for deadfall and live tree fungi; and smaller than the sites we sampled, as was 

demonstrated by the difference in species composition by site for the soil fungi.  These scale differences 

can act as a starting point for identifying and studying the processes which determine each of these types 

of fungi’s distribution.   
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STRUCTURAL CHARACTERISTICS OF MYCELIA
MARIA RIOLO

ABSTRACT
The vascular systems of trees have many similarities in both form and function to

other organic transportation systems, including the mycelia of saprophytic fungi. The
distribution of hyphal radii, like the distribution of branch size of trees, follows a power
law with exponents of all surveyed mycelia estimated at about ~2.0. These mycelia were
also  similar  to  each  other  in  fractal  dimension,  which  was  ~1.2  in  all  cases.  These
quantities seemed to be roughly scale-independent, with no trends between the values
estimated from photographs taken at 4x magnification versus 10x magnification. 

Within two dense pellets of fungus, spatial patterning similar to that found in the
Turing process is present. One of these patches is made up of a dense thatch of thin
filaments, suggesting a method of growth very unlike the radially symmetry we often
think of in systems that form similar patterns.

INTRODUCTION
The distributions of branch diameters  in a tree or trunk diameters in a forest  are both well

studied examples of power laws in organic transportation systems (West 2009, Enquist 2000, Poon
2009). The mycelia of fungi, a system of tubular hyphae which absorb and transport nutrients, much
like  plant  roots  and animal  vascular  systems,  are  another  organic  transport  system with  a  similar
branching appearance. Therefore, it seems plausible that hyphal radius may be distributed according to
a power law as well. In this study I investigate whether or not this is the case and, if so, what is the
exponent of the best fitting power function. In addition to estimating a scaling exponent, another metric
useful in classifying self-similar structures is fractal dimension, which has been previously studied in
lab-grown  mycorrhyzal  fungi  (Juge  2009).  However,  I  have  found  no  previous  studies  of  fractal
dimension of the mycelia of saprophytic fungi. 

 A cell in a mycelium must be connected to the other cells in the hypha. However, the more
hyphae there are nearby, the more quickly the nutrients in the area will be depleted, making it a less
desirable area for a hypha to grow towards. Qualitatively, this simple set of forces on hyphal growth is
similar to the Turing process, which consists in its original form of a slowly diffusing activator and
quickly diffusing repressor. The Turing process gives rise to spatial clustering, the precise properties of
which depend on the constants of diffusion for the activator and repressor. I  analyze the spatial patterns
within two dense clumps of fungal growth, one which looks it may grow in a traditional Turing process
of growth and repression and the other which is clearly made up of thin filaments.

METHODS
For allometric measurement and estimation of fractal dimension, 6 clumps of mycorrhiza were

haphazardly selected from the surface soil under logs in the  E.S. George Reserve and designated as
clumps A, B, C, D, E, F. Each clump was approximately 1-2 square centimeters in area. Each clump
was photographed with a digital camera at its actual size, at 4x magnification (through a small field
microscope). All clumps except clump A were also photographed at 10x magnification. Clump F was
additionally photographed at 2x magnification. 

Detection of hyphae in digital photographs
In order to analyze the mycelial structure captured in digital images, it was first necessary to

automate the detection of hyphae. The first step in this process was to use MATLAB's built in motion
blurring function to create motion blurred versions of the image at length scale of 150 pixels, blurred
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along the SE, E, NE, N directions. Next, each blurred image was subtracted (as an array of red-green-
blue colors) from the original image to create an image which consisted primarily of the bright lines in
the original image running approximately perpendicular to the direction of the blur. These four images
of lines were combined by setting each pixel to its brightest value in any of the four images, resulting in
an image showing mostly the hyphae of the original image with the background removed (see Figure 1
center image). For each pixel in this new image, if the brightness was above a fixed threshold (in this
case, a brightness of 20 was used out of a maximum brightness of 255), the pixel was considered to be
part of the mycelium (see Figure 1 right image).

This method lost much of its accuracy for the photographs taken at 1x and 2x magnification,
primarily due to soil granules being misidentified as hypha. It is possible that this could be ameliorated
by modifications to either the length scale of the blurs or the brightness threshold of the final binary
filter. For this study, we instead confine ourselves to analyzing the photographs taken at 10x and 4x
magnification. Because clump A had no photos at 10x magnification, we restrict our analysis to clumps
B, C, D, E, and F, so that we can compare calculated quantities across size scales.

Figure  1:  Original  photograph  (left),  after  background  removal  (center),  detected  hyphae  (right),  in  clump  F  at  10x
magnification.

Allometric calculations
Once we have a binary image showing the locations of hyphae, we can estimate the length in

the picture made up by hyphae of different radii. First, we calculate for each bright pixel the L1 distance
(i.e. the distance along the grid) to the nearest dark pixel, which we use as a proxy for how far the pixel
is from the edge of the hypha. Under the assumption that hypha are much longer than they are wide and
are reasonably smooth and straight, a hypha of radius R and length L should contribute L pixels R away
from darkness, 2L pixels (one line on each side of center) that are R-1 away from darkness, 2L pixels
R-2 away from darkness, and so on to 2L edge pixels. Thus, we can use the distribution of distances to
darkness to estimate the length in the photograph made up of each radius of hyphae.

Estimation of fractal dimension
Fractal dimension was estimated by the method of box counting. The image was cut into square

boxes of side length 1000 pixels, 500 pixels, 250 pixels, 150 pixels, 100 pixels, 50 pixels, 10 pixels, 5
pixels, and 1 pixel. At each box size, the number of boxes containing fungus was counted.  The number
of boxes as a function of box size should approximately follow a power law distribution,  with its
exponent the fractal dimension of the mycelium.

Analysis of spatial patterns in two dense patches
Two denser patches were selected haphazardly for analysis of clustering. The two patches, when

examined at 4x magnification, were morphologically dissimilar. Patch 1, pictured to the left, appeared
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to have a pattern of more and less dense blotches visually reminiscent of the results of a Turing process.
Patch 2, on the other hand, looked quite homogeneous to the naked eye but, under 4x magnification,
appeared  to  be  made  up  of  a  dense  thatching  of  thin  filaments.  Two  sample  boxes  were  chosen
haphazardly from among the most in-focus parts of the photographs. Using brightness as a proxy for
density  at  the  surface,  patterns  of  clustering  were  analyzed  by  measuring  the  mean  brightness  in
successive annuli about each bright point in the sample box. In order to generate confidence envelopes
for  random  levels  of  clustering,  the  same  analysis  was  performed  twenty  times  on  different
permutations of the pixels in the box.

Figure 2: Two dense patches examined for spatial clustering. Left: Patch 1, Right: Patch 2. Top: images of the patches at 1x
magnification. Bottom: Images taken at 4x magnification. The sample sites for clustering measures are marked with boxes.

RESULTS

Allometric results
In all clumps, at 4x and 10x magnification, the distribution of hyphal radii (using total length

measured in the photograph as a proxy for frequency) can be modeled by a power law distribution with
R^2 > 0.92 (Figures 4-7). The maximum likelihood estimates of exponents of these power laws all fall
between 1.96 and 2.10 (Table 1). (Standard error is tricky to calculate because how to count the total
number of samples is not clear).  As we would expect, a paired t-test shows no significant difference
between the exponents estimated at 4x versus 10x magnification.
Figure 3: Hyphal radius vs. fraction of total hyphal length in each of 5 clumps at 4x and 10x magnification. 
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Figure 4: Logarithmic binning (using powers of 2 as bin widths) of hyphal width vs. hyphal length in clump B at 4x
magnification (Top) and 10x magnification (Bottom).
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Figure 5: Logarithmic binning (using powers of 2 as bin widths) of hyphal width vs. hyphal length in clump C at 4x
magnification (Top) and 10x magnification (Bottom).
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Figure 6: Logarithmic binning (using powers of 2 as bin widths) of hyphal width vs. hyphal length in clump D at 4x
magnification (Top) and 10x magnification (Bottom).
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Figure 7:  Logarithmic binning (using powers of 2 as bin widths) of hyphal width vs.  hyphal length in clump E at 4x
magnification (Top) and 10x magnification (Bottom).
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Figure 8:  Logarithmic binning (using powers of 2 as bin widths) of hyphal width vs.  hyphal length in clump F at 4x
magnification (Top) and 10x magnification (Bottom).
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Table 1: Calculated maximum likelihood estimates for exponent for distribution of hyphal radius. In all cases, a power law
model fit the data with R^2 > 0.92. A paired t-test shows no significant difference (p > .25) between the exponents estimated
at the different scales.

B C D E F
4x 1.9667 2.0276 1.9802 2.0245 2.087
10x 2.0999 2.0323 2.0964 2.0497 1.9645

Fractal dimension
Estimated fractal dimension was between 1.18 and 1.21 in all clumps surveyed. A paired t-test

found no significant difference ( p > 0.2) between fractal dimensions at 10x and 4x magnifications
despite  more  pixels  of  fungus  being  present  in  the  4x  magnified  photos.  This  approximate  scale
invariance is what we would expect. 

Figure 9: Fractal dimension estimated by box counting. 
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Clustering in dense pellets
At both sample sites in both patches,  density is significantly higher than random very near a

high density point, while slightly further out density is significantly lower than random  (p < 0.05)
(Figures 10-11). In Patch 1, particularly at site 1, there appears to be an almost periodic pattern in
density as we move away from a bright spot, strongly enough that at site 1 the first four peaks and the
first two troughs in density all show significant (p > 0.05) differences from random. This suggests that
the clustering occuring in patch 1 may be very regular in size. The analyses on spatial patterns in patch
2 were not carried out to far enough distances to see if any similar effects occur further out, but the
signal of high density among nearest neighbors and low density in moderately near neighbors does
occur in both sites on patch 2.
 
Figure 10: Spatial clustering in Patch 1. At both sample sites, density is significantly higher than random very near a high
density point, while slightly further out density is significantly lower than random  (p < 0.05). 

Figure 11: Spatial clustering in Patch 2, the dense thatching of filaments. At both sample sites, density is significantly higher
than random very near a high density point, while slightly further out density is significantly lower than random  (p < 0.05). 
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DISCUSSION

The previous study by Poon et al. of the allometry of tree branches in the ESGR found the
exponent of branch frequency as a function of branch circumference of all trees surveyed to be 2.5875,
with standard error .1375 (Poon 2009). This is considerably higher than the exponent of total hyphal
length  vs.  hyphal  radius  in  any of  the  mycelia  measured.  The  difference  in  measurement  choices
(counting the number of branches versus estimating the length of hyphae) may play a role in this, as
one trunk of a tree tends to be longer than one twig, and thus total length vs. circumference might fall
off less steeply than frequency vs. circumference. One thing to note is that the exponent of branch
diameter of a demographically stable forest is predicted by Enquist et al. (2000) and West et al. (2009)
to be around 2, actually closer to the exponent found in the mycelia than that found in the big woods. I
was unable to find any previous studies of allometry of the structure of cardiovascular systems in
animals or of plant roots to compare. One avenue of future study may be to examine how the allometry
of different organic transportation systems varies based on the services provided (e.g. transportation,
nutrient absorption or distribution, and waste disposal) and environmental factors (e.g. gravity, nutrient
gradients, internal convection of fluid). 

The fractal dimensions of all the clumps measured were comparable to those found by Juge et
al. in “less dense” regions of growth of the arbuscular mycorrhizal fungus Globus intraradices. More
dense regions had fractal dimensions up to 1.75 (Juge 2009). The mycelia examined in this study, all
being collected from the surface of soil under rotting logs, are most likely saprophytic. The fractal
dimensions of the saprophytic mycelia all fell into a the tight range of 1.18 to 1.21. A more thorough
comparison between the ranges of fractal dimension of mycorrhizal and saprophytic mycelia may yield
some insight into the structural differences and similarities of fungi with different life histories.

The dynamics and spatial  patterns  arising from the Turing process as originally defined,  in
which both activation and repression have radially  symmetric  effects,  have been well  studied and
observed in many systems such as color patterns on the coats of animals and the locations of witch
hazel trees in the ESGR (Allen 2006). Some systems with radially symmetric growth but asymmetric
suppression of growth, such as the banded structure of mussels on a riverbed, have also been studied in
the context of Turing processes. In the case if the mycelium in patch 2, which is clearly made up of
small filaments, we see a qualitatively similar effect to the Turing process even though in this case
growth is not radially symmetric and, on a local scale, is almost linear.  
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EFFECTS OF INVASIVE JAPANESE BARBERRY (BERBERIS THUNBERGII) ON FOREST 
LITTER DECOMPOSITION RATES AND FUNGAL DIVERSITY 

 
LEAH MURRAY, ANNA ARIAS, ERIN BURKETT, ALEX MOORE, MARIANA 

VALENCIA 
 

ABSTRACT 
Many factors, such as invasive species, have the potential to alter soil and leaf 
litter decomposition rates.  Fungal diversity plays a key role in that it serves as a 
sensitive early warning indicator to changes in the environment. We looked at 
fungal diversity in three different sites: invasive, moderately invaded, and non-
invaded, and found that the non-invaded sites had the highest level of diversity.  
The non-invaded site also had the most amount of leaf litter; suggesting that the 
rate of decomposition in the invaded site is accelerated by the invasive understory 
shrub Berberis thunbergii. These results also suggest that invasive species have 
the potential to decrease the biodiversity of fungal communities. 
 

INTRODUCTION 
 
 The decomposition of leaf litter in forests promotes nutrient and carbon turnover, an 
integral part of forest ecosystem functioning (Jacob et. al 2009). Forest ecosystems rely on the 
decomposition of leaf litter for nutrient input as well as source of substrate that supports plant 
growth and offers habitat for important microbes and fungal organisms (Jacob et. al 2009, 
Veronique et. al 2011). Both micro and macro-decomposers such as bacteria, microbes, fungi, 
and earthworms play an important role in facilitating leaf litter decomposition (Jacob et. al 2009, 
Seeber et. al 2006). When the rates of decomposition are altered due to external factors, the 
species within that ecosystem can be threatened. In forests of the northeastern United States, 
Japanese barberry (Berberis thunbergii) invades relatively undisturbed forests, forms dense 
monospecific populations, and may alter ecosystem processes; including the changes in soil 
chemistry and decomposition rates (Cassidy et al., 2004). Previous studies have found that the 
presence of invasive understory species in North American temperate forests can significantly 
increase leaf litter decomposition rates and reduce fungi survival and growth (Ashton et. al 2005, 
Keesing et. al 2011).  
 
 The fungi growing within these temperate forest types are primarily ectomycorrhizal by 
nature.  Ectomycorrhizal (ECM) fungi are intimately associated with most temperate tree species 
and have demonstrated important and rapid shifts in species composition and abundance in 
response to a range of environmental stresses, because of this they serve as an early warning sign 
for changes in the soil chemistry. Fox et al. 2010 found that invasive species can increase the 
nitrogen content within an ecosystem. Nitrogen is a primary determinant of ectomycorrhizae 
across complex environmental gradients and too much of it can reduce fungal diversity (Fox et 
al. 2010). 
 
 Although the spatial distribution of B. thunbergii has been studied in the E.S. George 
Reserve (Cable et. al 2010, Guittar et. al 2010, Haghighat 2011), these studies did not investigate 
the impact(s) of this invasive understory shrub on leaf litter decomposition or fungal presence, 
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absence, or density. Previous studies have found that the presence of invasive understory species 
in North American temperate forests can significantly increase leaf litter decomposition rates and 
reduce fungi survival and growth (Ashton et. al 2005, Keesing et. al 2011). 
 

This has been shown to occur regardless of the quantity of litter entering the system. By 
sampling litter in non-invasion, low-density invasion, and high-density invasion by barberry, we 
can begin to explore this relationship. Because of the previous study mentioned by Fox et al. 
2010, we are also interested in testing the relationship between invasive species density and 
fungi diversity.  We hypothesize that sites without B. thungbergii will have higher fungal 
diversity and more leaf litter build up than invaded forest sites. 

 
METHODS 

 
 We collected leaf litter and sporocarp samples within three areas of the Big Woods plot at 
the E. S. George Reserve in Pinckney, Michigan (Livingston County). The three separate 
locations within the Big Woods were chosen based on the presence or absence and density of 
Japanese barberry (Berberis thunbergii). Utilizing spatial data collected in prior years, we 
located three treatment sites: a control site free of barberry, an area characterized by low barberry 
density, and a highly invaded area (Figure 1).  
 
Figure 1: Three sampling sites within Big Woods plot, black dots represent individual barberry plants (Haghighat 
2011) Distances shown are in meters. 
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 At each location we selected five 3 meter by 3 meter plots, and within each plot randomly 
selected three 12 inch by 12 inch areas and collected all the leaf litter. These three litter samples 
were combined and considered representative of the entire 3m by 3m plot. Leaf litter was 
weighed and then separated into woody and non-woody litter. We then reweighed the non-
woody litter in order to find the total weight of both sub-categories. We then selected a small 
representative sample for each litter type, which was weighed, dried in an oven, and re-weighed 
for dry weight. The ratio of the sub-sample dry weight to wet weight was then used to find the 
total dry weight of each sample.  
 
 Additionally, we sampled for all fruiting fungal bodies (sporocarps) within the three 
treatment sites. We collected all sporocarps found along three 20 m walking transects, for a total 
of nine fungal transects. These samples were then organized into morpho-species categories 
based on their color, texture, and overall morphology.  
 

RESULTS 
 

Leaf and woody litter 
 
 We analyzed the leaf litter and wood litter separately by performing two independent 
samples Kruskal-Wallis tests to determine if there were any significant differences in the leaf and 
wood litter weights between the three sample sites. A comparison of their means including 
standard error is shown in Figures 2 & 3 below. The Kruskal-Wallis test result shows a 
significant difference in leaf litter mass between the groups, shown by a significance value < 
0.05 (p = 0.031, H = 6.943). Post hoc tests show that the significant difference exists namely 
between areas of low and high-density invasion by Berberis thunbergii.  
 
Figure 2: Dry leaf litter mass within three sample sites: non-invaded, low J. barberry invasion, and high J. barberry 
invasion (p = 0.031, H = 6.943). 

 
The Kruskal-Wallis test result did not show a significant difference in wood litter mass between 
the groups, shown by a significance value = 0.850, and a test statistic equal to 0.326. These 
results show that we are unable to reject the null (H0) hypothesis in regards to wood litter 
differences between sites. 
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Figure 3: Dry wood litter mass within three sample sites: non-invaded, low J. barberry invasion, and high J. barberry 
invasion (p=0.850, H = 0.326). 

 
Fungi diversity 

 
 Although there appears to be a decrease in fungal diversity as density of barberry 
invasion increases, there were no differences between the number of fungal morphotypes found 
within non-invaded, low barberry density, and high barberry density areas (Figure 4). ANOVA 
results, including a post-hoc Tukey HSD test, showed that the greatest difference was between 
the non-invaded areas and high-density barberry areas (p=0.092), although this difference is not 
considered significant. A Kruskal-Wallis test also did not show a significant difference between 
the groups.  
 
Figure 4: Fungi diversity within three sample sites: non-invaded, low J. barberry invasion, and high J. barberry 
invasion (p=0.092). 
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Figure 5: Below is a non-metric multidimensional scaling plot. This is an analysis of similarity (ANOSIM) and the 
low and high invaded sites were significantly clustered, but not the forest. Each point on the graph represents the 
composite sporocarp community per transect and the transects are color coded by site. 

 
DISCUSSION 

 
We found that the Mean Species Richness of fruiting bodies (sporocarps) is significantly 

higher in non-invaded plots vs. invaded (Figure 4).  The diversity of sporocarps within sites is 
also much higher in the non-invaded sites than the high and low invaded sites. In Figure 5, points 
that are closer together have more similar sporocarp communities. It shows that low invaded and 
high invaded had similar compositions of sporocarps meaning transects within the low and high 
site, respectively, clustered together. The non-invaded site did not cluster, indicating that it may 
be more diverse than the other sites. 

 
 These findings suggest that the previously discussed study by Fox et al. (2010) might 

hold true for many species of plants.  The study by Fox et al. looked at effects of species richness 
in sites predominately of conifers, while our sites were temperate forest of mainly black cherry, 
oak and hickory forest. 

 
The leaf litter data showed that the invaded site had the least amount of litter, which was 

expected since invaded sites have shown a faster decomposition rate in previous studies.  These 
findings may have been skewed however by the inability to collect the leaf litter from within the 
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thicket of B. thunbergii. Other organisms, such as bacteria and earthworms may also have been 
playing a considerable role in the decomposition rates, thus offsetting our data.  
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