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ABSTRACT

Previous research suggests that prey-switching behavior by consumers (adaptive
foraging) contributes to the stability of food web networks and may help explain the
apparent contradiction between the complexity of natural ecosystems and theory that
suggests such complex systems should be unstable. However, no previous study has
explored the consequences of adaptive foraging behavior on ecosystem processes (or
“functioning'). I assembled communities from regional pools while varying searching
efficiency, connectance, and the fraction of adaptive foragers in order to observe the
effects these properties have on the diversity and functioning of the resultant
communities. In general, pools with increased connectance, a higher fraction of adaptive
foragers, and intermediate searching efficiencies yielded communities with greater
diversity. However, while pools with high connectance and intermediate searching
efficiencies tended to have higher ecosystem productivity, adaptive foragers decreased
the overall productivity of the assembled communities. Unsurprisingly, adaptive
foragers, connectance, and increased searching efficiency all led to higher rates of trophic
transfer. These trends occurred alongside an overall positive correlation between
diversity and the rates of these processes. In addition, the higher regional richness
increased the per-species functioning of the assembled community. These results suggest
that the diversity and structure of food web networks interact with the dynamics of
trophic interactions to determine and maintain the properties and processes of ecological
communities.
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THE EFFECT OF ADAPTIVE FORAGERS ON THE DIVERSITY
AND FUNCTIONING OF ASSEMBLED COMMUNITIES



1. INTRODUCTION

The accelerating rate of global biodiversity loss [1. 2. 3], has brought increasing
attention to the relationship between biodiversity and ccosystem functioning, and
the potential consequences diversity loss has for services provided to the human
population [4, 5. 6, 7]. This has triggered a charge to uncover the mechanisms
by which diversity allects functioning, and the potential effccts these mechanisms
might have on ccosystem services. In addition. much of ecological theory focuses on
reconciling the species-rich and highly connected communities found in nature with
the fact that theoretical models attempting to represent these communities tend
to be highly unstable. Although carly heuristic arguments claimed that increased
diversity and connectance should improve stability [8. 9], subsequent quantitative
models consistently suggested that diversity could not he maintained in highly
conneeted communities (e.g. [10. 11]). Suggested explanations have ranged widely:
Food weh models are ridiculously cartoonish and can not begin to approximate real
ceosystems (e.g. [12]); most interactions are weak, facilitating dampening effects
that encourage stability (e.g. [13]); sigmoidal functional responses (e.g. [14]) and
plastic consumer behavior (e.g. [15]) reduce resource extinetion risk; mutualistic
interactions are more prevalent than is realized, increasing the stability of diverse
communities (c.g. [16]). This relationship between complexity and stability could
have large implications for the relationship between diversity and ccosystem func-
tioning [17]. However, although these mechanisms help to maintain the stability of
complex communities. their potential effects on the relationship between diversity
and functioning has yct to be explored.

Although the response of species foraging behavior to a changing environment
has been studied extensively [18], the potential effects of adaptive foraging behav-
jor on the food web structure and dynamics are only recently being explored. This
rescarch has explored the effect of dynawic foraging strategics on the structure of
food web interactions. Adaptive foraging behavior of consumers has been found
to be particularly influential on food web stability ([15, 19, 20, 21]. For cxam-
ple, optimal foraging theory predicts the network structure of natural food webs
[22], though the food web generated in the study is still static. In contrast, adap-
tive foraging theory allows for the evolution of network structure by facilitating
prey-switching (sce, c.g. [23, 24]). This behavior has been shown to facilitate the
persistence of simple two-resource/one consunier model food webs [25]. Kondoh
[15., 20] showed that allowing consumers to adjust their preferences for resources
improves the stability of complex food webs. Subsequent, rescarch discovered that
simulations of model food webs with adaptive foragers results in fewer extinctions,
and that these communitics developed a diversity /connectance relationship similar
to empirical food webs [21]. These studies suggest that adaptive foraging may be a
mechanism determining the structure of food-web networks and maintaining their
diversity.

Despite rescarch showing that behavioral plasticity can have significant ecological
consequences [26]. the potential implications of adaptive foraging on ccosystem
functioning have yet to be explored. Recent rescarch has found that biodiversity
can have important affects on ecosystem functioning {4, 6. 7). and adaptive food-
wely networks have the potential to influence this relationship in two ways. First,
adaptive foragers help communitics maintain greater diversity [21] [20]. Sccond.
adaptive foraging behavior has the potential to significantly alter the effects of
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increased biodiversity on ccosystem processes. The top down influence of consumers
may have a disproportionately large affect on the relationship between biodiversity
and ccosystem functioning ([27] [28]), and this could make the dynamics of trophic
interactions particularly important to these relationships [29].

A potential limitation of many theoretical studies of food webs is that the initial
species abundances used for simulations are often arbitrary. One possible solution
to this problem is to create the communities using an assembly process. Assembly
is the process through which species communities develop from a *void”. Theoreti-
cal ceologists have used a variety of methods to explore community assembly, most
involving the scquential addition of species to communitics governed by a system
of Lotka-Volterra equations [30] [31] [32]. In addition, allowing adaptive consumer
behavior may have profound effects on community assembly.  Assembly history
[33, 34] and processes such as invasion rates [32, 35] can have dramatic effects on
community composition, and the presence of adaptive foragers during community
assembly has the potential to influence the diversity of the asscmbled community
and the structure of its affiliate food web network. Assembly acts as a sicve, limiting
the community composition to one subset of the pool from which the community is
assembled [36], and because interactions can have dramatic effects on the success
of invading specics [37] [38], it is probable that allowing species in the assembled
community to adjust their foraging strategy will significantly impact their invasion
success. Therefore, adaptive foragers have the potential to alter the composition
of assembled commuuities, either hy aflecting their ability to invade, or by resist-
ing/facilitating invasions of other species. In addition, the assembly history of a
community can influence the resulting production-bindiversity relationship of the
ccosystem [34]. and invasion mechanisms help determine the relationships between
biodiversity and additional processes [34] [39] [40].

In this study I use an assembly process to investigate how food web complexity
and adaptive foraging behavior interact to determine the diversity and functioning
of ecological communitics. I found that (1) community diversity is enhanced by
a strong interactive effect between higher numbers of food-web connections and a
higher fraction of adaptive foragers, that (2) ecosystem productivity was maximized
in highly connected communitics with intermediate scarching efficiency, and that
(3) transfer of biomass to higher trophic levels was maximized in highly connected
communities with high searching efficiency. In addition, the effects of increased
connectance and more adaptive foragers on community diversity and functioning is
largely dependant on consumers’ searching efficiency.



2. THE MODEL AND METHODS

In order to simulate an assembly process, we first generated a food web rep-
resenting a regional species pool containing n species. Species in the pool were
sclected randomly and allowed to invade a local community at exponentially dis-
tributed intervals with mean length g (the invasion period). Species were removed
from the community at any time their biomass dropped below a threshold density
{(Xo = 0.001), which also served as the propagule size for invasions. We indepen-
dently manipulated the threshold value and the propagule size by an order of magni-
tude and found that neither affected the results. Between invasions, the population
dynaniics of species in the local community were simulated by an adaptive-foraging
model. The biomass and preferences of cach species were monitored throughout
the simulation, which allowed the ccosystem processes in the model to be measured
as well.

2.1. The Adaptive Foraging Model. The adaptive foraging model accounts
for the biomass and bchavioral dynamics of all species simultancously [15]. The
biomass dynamics are described by Lotka-Volterra predator-prey equations mod-
ified to include a saturating (type II) functional response [41]. The dynamics of
species j's biomass (X;) is given by

T

)—d; + Zlgupijquij - Z Pji fi Fi X,

i=1 i=1

.
(1 X=X 0= %l
where primary producers have a per-biomass reproductive rate (r;), and they all
have the same habitat size K. Every species 7 has a respiration rate, dj. The fi; is
the efficiency of species j (the consumer) scarching for species @ (the resource); it
determines the ability of ¢ to exploit j. ;5 is the conversion efficiency of j preying
on i, and depends on whether 7 is a plant (0;; = 0.5) or an animal (¢;; = 0.85), as
suggested by Yodzis and Innes [42]. F; is the fraction of consumer j that is free to
actively scarch for resources,

F = !
TN+ H YL Py,

where Fjfi;X; corresponds 1o a type II functional response [43] [44] and Hj is
species j's handling time.

P;; 1s the fraction of time consumer j spends scarching for resource 4. The
preferences of an adaptive forager are allowed to change in response to availability
of its resources. We assume that the preferences of an adaptive forager move in
the dircetion that most rapidly increases its intake rate, while ensuring that the
sum of its preferences remains one (i.e. 300, Py = 1). This direction is calculated
using a gradient with respect to the Shashahani metric, a metric used extensively
in evolutionary game theory (c.g., sce Hofbauer and Sigmund [45]). Under this set
of assumptions, we show in appendix A that the preference dynamics are given by

(2)

~ (H; X+ 1) > 03 P fr X

k=1

: 0:ifi;i X;
(3) Py = g;P F} | =5 ‘;J'. —
J
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where ¢; scales the rate at which species i adjusts its foraging rates (preferences).
The fraction of species that arc allowed to adapt (adaptability) determines the
number of species which have a non-zero g. which is the same for all adaptive
species. We set ¢ = 0.3 for most simulations and, as in previous studies, the actual
value of g had negligible influence over the results. Kquation (3) provides a natural
gencralization of Kondoh's original preference equation [15]. However, censuring
that adaptive foragers are maximizing their intake causes equation (3) to differ
from the equations of Brose et al. [41] and subsequent studies [19] [20] [21].

2.2. Food Web Structure and Allometric Scaling. The food web network
describing the potential interactions between species in the regional pool is repre-
sented by the n by » matrix f. The location of the | non-zero entries in f arc
determined by the niche model. which has been shown to produce networks with
structural properties similar to those of empirically determined food-webs [46]. The
niche model assumes that species can be ordered along a one-dimensional gradient,
or “niche dimension”[47]. The model generates the structure of f by assuming
consuniers can cat every species within a contiguous range R;, where the center
of R; is a randomly determined point in the niche dimension below species ¢ and
its breadth is determined by the food web’s connectance, the fraction of potential
links in the food web that are actually realized (#) For consistency with previous
literature, all non-zero searching efficiencies are assumed to be identical.

The one-dimensional niche gradient used to generate the food web is often as-
sumed to be a representation of body size [31] [46] [48]. We retain this convention,
using uniformly distributed random variables between 0 and 1 as the body size
of cach specics [46] [48] and using allometric scaling to determine the production
rates, 1. handling times H;, and respiration rates, d; [49] [42] [50].

Previous work has showed that the interaction between connectance, adaptability
and diversity can be confounded when the niche model is used because, tradition-
ally, producer diversity is inversely correlated with connectance [41] [20]. To avoid
this complication, we kept the fraction of primary producers fixed at 0.4. Food web
rescarch has reported fractions ranging from 0.04 to 0.5 [46] [51], however, fractions
of basal specics reported in the lower range arce likely an artifact of increased ag-
gregation of species in lower trophic levels [51]. In any case, lowering the fraction
of basal species to as low as 0.1 did not affect the main results.

2.3. Simulation and Data Analysis. In the majority of the simulations (79380)
the manipulated input variables included the fraction of adaptive foragers (adapt-
ability, or A), the connectance of the regional food web used to assemble the com-
munity (C'), the period between invasions (i), and the mean searching elliciency of
the species (f) in order to investigate how these properties interact to determine
the final diversity and functioning of the asseinbled cominunities. The values of the
input variables in these simulations were: for A (adaptability), 21 values from 0 to
1; for C (connectance), 21 values from 0 to 0.45; for f, (mcan scarching cfficicncy)
f = 0.3, 0.03. or 0.003; and for y. (invasion period) pt = 1. 10%°, or 10, yiclding
a total of 3969 input trcatments. Twenty simulations were run with cach combi-
nation of variables, in which 20 species were included in the regional pool. 13230
additional simulations were run to investigate the importance of regional richness.
Half with a 10 species regional pool, and half with 40 species.
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Figure 1. Examples of biomass dynamics for four sets of param-
eter values: a (/ = 03, 4= 1, C = 04, A = 0.8), b (/ = 0.3,
fi—10, C —02, 4 =1038),¢c(/ =03, n=1 C=104,4=02),
d (/=103 n= 10, C = 0.2, A = 0.2). Green indicates pro-
ducer species, blue indicates non-adaptive consumer species, and
red indicates adaptive foragers.



Each simulation was run until specics in the regional pool have invaded an av-
crage of 30 times (time T =~ 30npu, see fig. 1). Quantities tracked throughout
cach simulation include the time cach species has spent in the community, total
biomass of each species in the community (X ), and the preference values contained
in the n by n matrix P. The simulation outputs were calculated from these quan-
titics. They included the average richness and biomass (3, X;) of the community,
as well as the average rates of four ecosystem processes (“functions™), productivity
(r- X), respiration (d- X)), assimilation (ZJ X;32,0:P;5 fi;F;X;), and consumption
Qi Xi 22, Pijfis FiXj).

Often, the biomass dynamics began to approach an equilibrium after a mean
of 15 invasions for each species(e.g. figs. 1a, ¢). However the assembled commu-
nity’s dynamics occasionally failed to stabilize through the entire simulation (e.g.
figs. 1b, d). In these communities, the diversity of the local community, the biomass
of individual species, and the strength of particular interactions could vary greatly
(sce appendix B). Therefore, the values of the response variables were averaged
over the last half of cach simulation.
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Ficure 2. Biplots showing the relative contribution of each func-
tioning variable on the two main principal components from a PCA
that included every simulation. The scatter plot show the com-
ponent values of 20,000 simulations colored according to (a) the
searching efficiency, f, or (b) community richness. The percent of
total variation explained by each component is shown on the axes.



3. RESuULTS

3.1. Functioning components and overall trends. In order to obtain metrics
of ecosystem “functioning”, we performed a principal component analysis (PCA)
on the four rate variables (productivity, respiration. consumption and assimilation)
and the mean total biomass of the assembled communities ([52]). The first two prin-
cipal components explained 99% of the total variation of these variables (fig. 2).
The first component. (62%) is a weighted average of the five variables; it is most
dependent on overall productivity. In contrast, the second functioning component,
(37%) separates communities in which the productivity is predominantly respired
from those with large amounts of trophic transfer (i.c. consumption and assimila-
tion). Hereafter we refer to communities with high values on the first component
as communitics with high “ccosystem productivity”, and to communitics with high
values on the sccond component as having high “trophic transfer”.

Overall, there is a positive correlation between the diversity of an assembled
community and both its ecosystem productivity and trophic transfer (table 1). In
addition, regional pools with increased conncctance, higher fractions of adaptive
foragers and shorter periods hetween invasions (lower i) tended to promote higher
diversity and increased trophic transfer in the assembled communities. Connectance
generally increased ccosystem productivity (table 1), but more adaptive foragers
and faster invasion rates tended to lower ccosystem productivity (table 1). Despite
these broad trends, there were a number of exceptions and qualifications due to
subtle interactive eflects. Like the correlations in table 1, all of the results mentioned
below are statistically significant. with p-valnes far below p = 0.01. Thercefore. we
do not include p-values when discussing these results.

3.2. Diversity of the Assembled Community. Regional pools with high con-
nectance and a high proportion of adaptive foragers produce the most diverse com-
muuities (fig. 3 and table 1). This is mostly due to a consistent positive interaction
between the two variables. This interaction is casily observable in communities as-
sembled with intermediate searching efficiencies {figs. 3d-f). This pattern probably
arises in part because adaptive foraging offers a greater advantage to consumers
with multiple resources.

Although increased conncctance and adaptability always interact to produce
greater diversity, the community’s searching efficiency determines how these two
variables’ effects on diversity are influenced by the period hetween invasions and
cach other. For example, in communities with high scarching efficiency (f = 0.3),
the effect of adaptive foragers on diversity switches from neutral (fig. 3a) to negative
(fig. 3c¢) in communities with longer invasion perinds (i) and low to intermediate
connectance. In communities with high connectance, however, the interaction be-
tween adaptive foragers and connectance maintains a positive adaptability /diversity
relationship. The lower diversity in these communities with high searching efficien-
cics is probably due to overexploitation, indicated by the loss of basal species in
these comnunities (see appendix D, fig. 9). Slowing the assembly process may
cuhance this exploitive cffect by giving adaptive foragers time to focus their con-
sumption and drive their resource (and thus themselves) extinet before alternative
resources appear. As a result. the community is unable to build up a “critical mass”
of species richness that would he sustainable. The extremely high variability in the
richness of these communitics supports this hypothesis (see appendix B, fig. 7¢).
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TABLE 1. Correlation Coefficients of diversity, ecosystem produc-
tivity (PC1) and trophic transfer (PC2) with adaptability, con-
nectance, ., and each other for diffcrent scarching cfficiencies (f).
All of the non-zero relationships are significant (p < 0.05). Note
that, although PC1 and PC2 arc orthogonal (r? = 0), there arc
fairly high corrclations between the two among communities with

the same searching efficiency.

Component f PC1 PC2 Diversity Adaptability Connectance mu
Ecosystem all - 0 0.59 -0.10 0.24 0.04
Productivity 0.3 - 0.46 0.39 -0.27 0.18 -0.05
(PC1) 0.03 - 0.62 0.58 -0.02 0.61 -0.02
0.003 - -0.97 0.28 -0.03 -0.11 0.37
Trophic all 0 - 0.12 0.01 0.30 -0.03
Transfer 0.3 0.46 - 0.41 -0.01 0.67 -0.01
(PC2) 0.03 | 0.62 - 0.63 0.17 0.60 0.01
0.003 | -0.97 - -0.18 0.03 0.12 -0.33
Diversity all 0.59 0.12 - 0.16 0.32 -0.14
03 | 0.39 0.41 - 0.11 0.42 -0.32
0.03 | 0.58 0.63 - 0.36 0.51 -0.10

0.003 | 0.28 -0.18 - 0.10 0.12 0.07

10
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Ficure 3. Each panel shows mean richness (scale is the same for
each panel, indicated by the colorbars) as a response to manipu-
lating Adaptability along the X axis (20 values from 0 to 1), and
Connectance along the Y axis (20 values from 0 to .45), with a
particular invasion rate (columns, /i — 1, 10° 5, or 10) and search-
ing efficiency (rows, / = 0.3, 0.03, or 0.003). Every value is from
an average of twenty independent simulations with the same input

parameters.
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Ficure 4. Each panel shows mean ecosystem productivity (i.e.
PCI from the PC A in 2) as a response to manipulating Adaptabil-
ity along the X axis (20 values from 0 to 1), and Connectance along
the Y axis (20 values from 0.0 to 0.45), with a particular invasion
rate (columns, [/i — 1, 10° 5, or 10) and searching efficiency (rows,
/ = 0.3, 0.03, or 0.003). Every value is from an average of twenty
independent simulations with the same input parameters.
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In contrast, when searching efficiencies are low (f = 0.003). diversity is maxi-
mized at intermediate connectance (fig. 3g), although the conncctance-adaptability
interaction switches this to a positive effect of connectance in slowly assembled
cominunities (fig. 3i). This effect of high connectance on richness may be because
splitting a higher level consumer’s potential eflort among so many resources leads
to an inability 1o gather sufficient resources to support more than onc extra trophic
level. However. because simulations last longer when the invasion period is slower
(1 > 1). they have extra time to adjust their preferences and build biomass that
supports additional consumers. Indeed, the total biomass increases with invasion
period only when f = 0.003 (appendix C fig. 8).

3.3. Functioning of the Assembled Community. Overall. there was a positive
correlation between ccosystem productivity (PC1) and diversity (table 1). This is
probably because both richness and ccosystem productivity were maximized by
high connectance and intermediate searching efficiency of consumers (fgs. 3, 4.
However, in contrast to species richness, adaptive foraging and faster invasions
affected ccosystem prodnetivity negatively (table 1 and fig. 4). Also, there is no
indication of a consistent increase in functioning due to a connectance/adaptability
interaction.

As would be expected. the relative importance of troplic transfer is increased by
higher searching efficiency and connectance (fig. ). In addition. searching efficiency
was the principal factor determining how adaptability, connectance, and invasion
period aflected ccosystem productivity and the importance of trophic transfer.

In communities with intermediate searching efficiencies (f = 0.03), both in-
creased connectance and a larger proportion of adaptive foragers increased the
importance of trophic transfer (figs. Hd-f). The latter trend mirrors the diversity
result, (figs. 3d-). Consumers with intermediate searching efficiencies (f = 0.03)
were able to slightly reduce the number of basal species (sce appendix D fig. 9), but
basal richness was maintained by higher connectance and/or a higher fraction of
adaptive foragers (appendix D fig. 9). This suggests that spreading foraging effort
among multiple resources and allowing prey-switching stabilizes resource diversity,
facilitating an increase in diversity at higher trophic levels. The resulting increase
in the number of consumer species increases the fraction of biomass moving into
higher trophic levels, indicated by the increase in the relative importance of trophic
transfer (figs. hd-f).

Ecosystem productivity of communities with intermediate scarching efficiencies
is enhianced by the increase in connectance. The increase in productivity may be
facilitated by lowering basal biomass below the carrying capacity, K (";d} (appendix
D fig. 10). However, if connectance is not high enough. adaptive foragers lower
basal biomass (urther (appendix D fig. 10), resulling in a slight drop in ccosystem
productivity (fig. 4d-[).

In communitics with high scarching efficiencies (f = 0.3) the overexploitation of
resources leads to lower ccosystem productivity (figs 4a-¢). As in the case with inter-
mediate scarching cefficiency. this is mitigated somewlhat by increased connectance.
However, although an increased fraction of adaptive foragers helps to maintain di-
versity (fig. 3 and sce appendix D), the heightened cllectiveness of these consumers
still decimates the biomass of the basal species (appendix D fig. 10) and dramat-
ically lowers ccosystem productivity. Unsurprisingly, trophic transfer dominates
in these comnunitics as long as connectance is high cnough to allow significant

13




@/ =03,n=1 (b) £ =0.3,n= 10°5 (¢) / =03,7= 10
0 025 05 075 1.0
)/ =0.03,n—1 (e) / = 0.03,n = 10°-5 (f) / = 0.03,4 =10
0 025 05 075 10 0 025 05 075 1.0 025 05 075
Adaptability Adaptability Adaptability
(g / =0.003,n =1 (h) / - 0.003,n = 10°-5 @i / =0.003,n =10

Ficure 5. Each panel shows mean trophic transfer (-PC2) as a
response to manipulating Adaptability along the X axis (20 values
from 0 to 1), and Connectance along the Y axis (20 values from
0.0 to 0.45), with the invasion rate (//) and the searching efficiency
(/) shown. Every value is from an average of twenty independent
simulations with the same input parameters.



consumption by consumers (fig. Hha-c). Less expected, adaptability actually de-

creases the trophic transfer component. This is probably because there is so little
ccosystem productivity in these communitics that the amount of trophic transfer
is constrained, i.c. the range of PC2 depends on the score along PC1 (see fig. 2).
Surprisingly. although a longer invasion period triggers the negative effect of adap-
tive foragers on both overall (ig. 3¢) and basal (see appendix D fig. 9¢) diversity,
functioning (figs 4 and 5) and the biomass ol basal species (appendix D fig. 10) are
relatively unaffected.

Unsurprisingly, communities with low searching efficiencies (f = 0.003) have
wminimal trophic trausfer (figs. Hg-i). When asscmbly is rapid (i = 1) both ccosys-
tem productivity and trophic transfer are the same as in communities only contain-
ing basal species (figs. 4g and bg). Interestingly, when assembly slows down (u > 1)
in communities with low searching efficiencies. those with intermediate connectance
(C = 0.15) have higher ecosystem productivity and less trophic transfer (figs. 4g-i
and 5g-i). This suggests that, in communities with low scarching efficiency, lower
trophic transfer values are more an indicator of high biomass/respiration than of
low consumption/assimilation (see fig. 2). This is also cousistent with the diversity
trend in (fig. 3g-1), which we suggested could he due to the increased potential for
biomass buildup in longer simutlations (i.c. x> 1 see appendix C fig. 8g-i), allowing
for successful invasions of higher trophic level species.

3.4. Adaptation speed, basal species, and regional diversity. The above
influences of adaptability (A), connectance (C). searching elficiency (f), and in-
vasion period (i) on the assembled community’s richness, ecosystem productivity,
and trophic transfer were nunaffected by the maximal adaptation rate g (sce eq. (3)).
Coeflicients for the principal components were also maintained. However, there was
one notable effect, g alters the invasion speed (ji) required to see any interactive
cffects between g and adaptability. For example, when foraging changes happen
slowly (g = 0.03 or less) the negative effect of adaptability on diversity when p
and [ are high and connectance is low (fig. 3¢) requires even slower invasions (in-
creased p). Perhaps due to the relatively minimal effect of invasion period on the
two functioning components. changing ¢ has no notable eflect, on either. These
results are consistent with previous rescarch suggesting that the magnitude of ¢ is
not important as long as it is sufficiently positive [15].

The fraction of basal species in the pool had a somewhat larger effect on the
assembled community. In addition to decrcasing the total biomass of assembled
communities, a lower fraction of basal species decreased the richness of assem-
blages, and vice versa. This is consistent with a similar effect found previously [20].
The fraction of basal species also had notable effects on the functioning variables.
Although the relationships between the input variables (A, C, f, and ) and the
functioning components (ecosystem productivity and trophic transfer) were main-
tained, communitics assembled from pools with more producers had higher values
for cach of the five Inuctioning variables.

The eflects of adaptability, conncctance, scarching cfficicncy and invasion pe-
riod on the diversity and functioning of the assembled comnnnity were unaffected
by the diversity of the regional pool. Indeed, an average 66% of species in the
regional pool were in the assembled communities regardless of regional diversity.
However, despite no proportional change in the average richness of the assembled
community, the diversity of the regional pool had an obvious positive effect on the
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community, divided by the regional richness (a), and a comparison
of the two main components of a PCA done using these adjusted
values (b). In (a), values of the four rate variables are indicated
by the left axis, and values for biomass are shown on the right axis.



per-species functioning of the assembled communities (fig. 6). Since there is no di-
rect competition between producers in this model, an increase in functioning merely
proportional to the increase in pool diversity would be explained by the increase in
the total potential productivity. However, communities built from regional species
pools with either 10 or 40 species had either lower or higher per-species functioning,
respectively, than communities assembled from 20 species pools (fig. 6). The trend
held for all five of the functlional variables (fig. 6a) and for the two principal com-
ponents of an analysis done on the functioning variables normalized to the richness
of the regional pool (fig. 6b).
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4. D1SCUSSION

This study supports the conclusion of previous rescarch that adaptive foraging
behavior facilitates high diversity in ccological communities [15, 21, 53]. However,
in our study this result is dependant on a complex set of interactions between
the searching efficiency ol consumers, the invasion period, and the connectance
(fg. 3). In particular, diversily 15 maximized in commmnnitics with a high fraction
of adaptive foragers. high connectance, a rapid asscmbly process. and intermediate
scarching efficiencies. Many recent studies [13. 17, 54, 49] suggest that the strength
of trophic interactions can be an influential determinant of community stability. We
further show that cousumer cfficiency alters how connectance and the fraction of
adaptive foragers affect connunity diversity. For example, the diversity of slowly
assembled communities with highly efficient consumers is negatively affected when
the consumers exhibit adaptive behavior.

Despite the prevalence of complex relationships like this, diversity is always max-
imized by intermediate searching efficiencies. This result confirms previous work
suggesting that high interaction strengths destabilize communities [13, 54]. In ad-
dition, many studics have found that variation in interaction strength may increase
stability [17, 54, 49], especially if there are a few strong interactions and many weak
ones. Indeed, it has been suggested that community stability is more dependant on
the variance of interaction strengths than their mean [54, 55. 53]. 1 propose that
adaptive foraging behavior may be a source of this variation. Because a consumer’s
total loraging effort is fixed (preferences always sum 1o 1), allowing consumers to
increase their preference for a valuable resource will make their other interactions
weaker. Thus, in communitics with high connectance and a high fraction of adap-
tive foragers, consumer species will have a few (relatively) strong interactions and
many weak interactions. Distinguishing between the stabilizing effects ol adaptive
behavior and skewed interaction strengths requires additional study.

Although this resultant heterogeneity in the strength of a consumer’s interac-
tions may partially explain how adaptive foragers interact with high connectance to
yield diverse communities, the fact that diversity is highest in communities with in-
termediate searching efficiency even when there are no adaptive foragers requires an
alternate explanation. Potentially, high searching efficiencics allow for the overex-
ploitation of resources. Adaptive foragers with few resources would be particularly
susceptible, especially when there is a long period between invasions (see fig. 3¢).
On the other hand. exceptionally low searching efficiencies dramatically limits the
ability of high trophic level consumers to invade. perhaps because their potential re-
sources have not accumulated enough biomass to support them. In this case, a slow
asscmbly process would allow for cnough biomass accumulation by low-level con-
sumers to facilitate the invasion of higher trophic levels, especially in communities
with high adaptability and counectance (fig. 3i).

There is a positive correlation between increased richness and increased ecosys-
tem productivity of the assembled community (table 1). However, the strength of
this relationship and whether it is coincident with an increase in the importance
of trophic transfer depends highly on the scarching efficiency of consumers in the
comnunity. While adaptive foragers are typically able to stabilize and maintain
community diversity. in communities with high or intermediate searching efficiency
(/ > 0.03) the increased effectiveness of these consumers lowers ecosystem pro-
ductivity. When searching efficiency is high (f = 0.3) this effect is large enough
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to lower trophic transfer as well. In contrast, the additional consumers in com-
munitics with weak interactions increase functioning by increasing the biomass in
the community, as opposed to increasing trophic transfer. This is consistent with
rescarch suggesting that the relationship between diversity and functioning is more
complex in multitrophic systems [56].

Although assembly processes that produce more diverse communitics do not al-
ways produce communitics with greater functioning, assembled communities from
more diverse regional pools exhibit functioning proportionately greater than the
increase in regional diversity. ‘This may be another example of scale altering di-
versity /function relationships. This is similar Lo previous studies done on invasion
success [57] [58]. The studies showed that the same propertics of communities that
encourage diversity facilitate exotic invasions among different ecosystems. There-
fore, there is often a correlation between diversity and invasion success across large
spatial scales, however, among similar communities (typically at smaller scales)
higher diversity inhibits the success of invaders. In this study. the properties of the
species pool (e.g. connectance, adaptability, searching efficiency) that enhance di-
versity usually increase functioning as well, but not necessarily. On the other hand,
if these properties are the same in two different regional pools, but the pools contain
different numbers of species, the more diverse pool will produce communitics with
higher per-species functioning. In other words, whether the biodiversity determines
ccosystem functioning or both are jointly determined by regional properties may
depend the scale at which the ecosystems being compared differ.

This study has shown that the diversity and functioning of assembled commu-
nities depends on consumer behavior, which in this case facilitated the food-web
network’s ability to evolve. For example, the effeets of high scarching efficiencies
(strong interactions) on overall diversity or ccosystem productivity could be dra-
matically underestimated if the commmmity has a significant number of adaptive
foragers (fgs. (4)a-), and trophic transfer rates would he overestimated (figs. (5)a-
¢). As a consequence, before attempting to make predictions with food web models.
it is essential to attempt an accurate description of consumer behavior, whatever
it may be.



APPENDIX A. ADDITIONAL MODEL DETAILS

As discussed in the methods (section 2.1), The adaptive foraging model used is
a modified Lotka-Volterra predator-prey model that allows intceractions to change
in strength. The assumption is that a consumer species is given a fixed amount
of time that it can spend scarching for (and handling. if a type II response is
included) resources and that it can only actively scarch for onc type of resource at
any particular time [15] [59]. This assumption applics in many situations where an
organism neceds to change its location and/or behavior in order to exploit different
resources. The equations are based on a prey-switching model presented by Kondoh
[15]. The biomass dynamics (eq. 1 described in section 2.1) are shown below, Fj is
a Holling type 2 functional response [43] [44).

A X’~ n n
X;=X; <rj(1 - I_\I) —d; + ZeijljijfijF'in - Z ijfﬁFin)

i=1 i=1

1
TN+ Hijfi P X

From eq. (1) we derive eq. (3) by first making two assumptions regarding j's
preferences, }5; 1) 13J must cvolve to maximize j’s biomass intake rate, I; =
S 0i P fi;F;X; which is a function of 15; given X (1); 2) the sum of the com-
ponents of P is one (3, P, = 1). To maintain the first assumption, we take the
gradient of I; with respect to Pj, in order to maintain the second we use a gradient
system with respect to the Shashahani metric [45].

Fi=Fe (V15
As stated in the methods, VI; is the gradient of I; with respect to Py,
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finally, after addlng the adjustable adaptation rate (g), we have eq. (3)

ZP“@a)

= gP;F} (LF% = (Hij fisXi +1) 3 O Pes s X

k=1

P = gP; (

Under the assumptions made in Kondoh’s initial study [15] (H; = 0 and 6;; =
025 = ....0,,; this reduces to

Pj=gP; (Hfinqt - Z 9ijfk.ij)

k=1
which corresponds to the preference equation in that study. However, under the
assumptions used in subsequent studies (i.e. Hyj = Hyj = ....Hy; and 01 = b5 =

bnj, we get

n
P = gF} P, (9.1"ij1: - Z”ijfijk>
k=1
which is weighted by an additional F; term. This adjustment only affects the speed
of adaptation, and because the g term has been shown to have minimal influence,
it is unlikely to appreciably influence the results. However, we do not assumec
equivalent A’s. Without that assumption, previous formulations could potentially
move 15; in a different direction than eq. (3).
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APPENDIX B. COEFFICIENT OF VARIATION

Variability in the richness of the communities through time was maximized in
high searching-efficiency communities with long invasion periods, a high fraction
of adaptive foragers, and low-intermediate connectance (fig. 7). These coincide
with the low-diversity communities in fig. 3c. These patterns may be because the
consumer species in the community rapidly over-exploit their resources. This results
in communitics with extremely low richness in which invading consumers quickly
drive their resources (and thus themselves) extinet, and a resource only lasts until
one of its consumers arrives (c.g. fig. 1h).
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Ficure 7. Each panel shows mean coefficient of variation of
species richness as a response to manipulating Adaptability along

the X axis (20 values from 0 to

1), and Connectance along the

Y axis (20 values from 0 to .45), with a particular invasion rate
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1005, or
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Every value is averaged over twenty

independent simulations with the same input parameters.
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APPENDIX C. ToTAL COMMUNITY BIOMASS

As with diversity and the two composite functioning variables, the effects of
adaptive foragers and connectance on the assembled community’s total biomass
depended on the searching efficiency (fig. 8). In fact, total biomass and ccosystem
productivity (PC1) had very similar patterns. Both were negatively aflected by
adaptive behavior when consumers were highly efficient (f = 0.3, figs. 3a-c and
4a-c) and, to a lesser extent. with intermediate scarch efficiencies as well (f = 0.03,
figs. 3d-f and 4d-f)). Also like ccosystem productivity, biomass in communitics with
low scarching efficiencies was only affected by connectance and the invasion period.
However, although the total biomass in low scarching cfficicncy communities was
(on average) greater than in communities with intermediate scarching efficiency
(fig. 8), the reverse was true for ecosystem productivity, with intermediate scarching
efficiency communities generally having much higher scores on the first principal
component (fig 4). This suggests that biomass may be a reasonable mcasure of
“functioning” in the same types of communities, but that using biomass to compare
different types of communities may be misleading. As might be ¢xpected, using
hiomass to compare the trophic transfer of different kinds of systems would be
even more problematic; total biomass in the community increased with scarching
efficiency (fig. ®). but the amount of that biomass making it into the higher trophic
levels decreased dramatically (fig. 5).

24



Connectance

[} 0.25 0.5 0.75 1.0 0 0.25 0.5 0.75 1.0
(@ / —03,n=1 (b) / =03,n = 10°5 ¢/ =03, =10
bt
=
&
bt
=
=
=l
®)
0 0.25 0.5 0.75 1.0
@ /- 0.03,n —1 (&) / = 0.03,~ = 10°-5 @/ =0.03n=10
1200
1000
800
o
0 o025 05 o075 10 0 025 05 075 10 025 05 075 1.0
Adaptability Adaptability Adaptability
g / = 0.003,M= 1 (h) / = 0.003,n = 10°-5 G / = 0.003,n =10

Ficure 8. Each panel shows average total biomass as a response
to manipulating Adaptability along the X axis (20 values from 0
to 1), and Connectance along the Y axis (20 values from 0 to .45),
with a particular invasion rate (columns, fi = 1, 1005, or 10) and
searching efficiency (rows, / = 0.3, 0.03, or 0.003). Every value is
averaged over twenty independent simulations with the same input
parameters.
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APPENDIX D. BASAL SPeCIES DATA

For communities with high or intermediate searching efficiencics (f = 0.3,0.03),
the mean richness of the basal species (figs. 9a-f) followed almost the same pattern
as total community richness (figs. 3a-). Adaptability and connectance interacted
to increase the number of basal species that successfully established themselves
in the local community. This is consistent with the suggestion that the interac-
tion between these variables increased richness by allowing consumers to switch
resources before one went extinet.  As with overall diversity, a longer period be-
tween invasions lowered basal diversity in high scarching efficiencies. Communities
containing consumers with low scarching cfficiency always had a full complement
of hasal species (fig. 9), consistent with the suggestion that these consumers are
unable to affectively take advantage of their resources.

In conununities with high searching efficiency, the combined biomass of the basal
species dropped with connectance and adaptabiltiy (figs 10a-c). The negative effect
of adaptive foragers on basal biomass was present even when the connectance of the
community was helping to maintain basal richuess (figs 9a-¢). This suggests that
adaptive consumer behavior makes consumers more effective at exploiting resources,
but that when they have cnough choices they are less likely to drive them extinet.

The biomass of the basal species is decreased by adaptive foragers in communi-
ties with intermediate searching efficiencies, but it is increased by high connectance.
This could indicate that consumers with intermediate scarching efficiencies are bet-
ter able to maintain their resources at relatively high levels when they are generalists
{figs 10d-I). These biomass densities could explain the high levels of ecosystem pro-
duetivity in these communities (figs. 4d-f), due to the primary producers compen-
sation for consumption when their biomass drops slightly below carrying capacity,
Kl=d)

P

Like total biomass, community richness, and both functioning components, the
variable with the largest influence on bhasal biomass was invasion period (figs 10g-
). Basal species had lower biomass in communities with a slower assembly process
mu = 10%,10). This indicates that the gain in total biomass in these communitics
figs 8g-1) was due 10 an accumulation of biomass by consumers.

i
(
(
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Ficure 9. Each panel shows average richness of basal species as a
response to manipulating Adaptability along the X axis (20 values
from O to 1), and Connectance along the Y axis (20 values from 0
to .45), with a particular invasion rate (columns, n = 1, 1005, or
10) and searching efficiency (rows, / = 0.3, 0.03, or 0.003). Every
value is averaged over twenty independent simulations with the

same input parameters.
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Ficure 10. Each panel shows average biomass of the basal species
as a response to manipulating Adaptability along the X axis (20
values from 0 to 1), and Connectance along the Y axis (20 values
from 0 to .45), with a particular invasion rate (columns, n = 1,
10° 5, or 10) and searching efficiency (rows, / = 0.3, 0.03, or 0.003).
Every value is averaged over twenty independent simulations with
the same input parameters.

28



REFERENCES

[1] Stuart L. Pimm. Gareth J. Russell, John L. Gittleman, and Tomas M. Brooks. The future of

biodiversity. Science, 269:347 350, 1995.

David B. Wake and Vance T. Vredenburg. Are we in the midst of the sixth mass extinction?
a view from the world of amphibians. Proceedings of the National Academny of Sciences,
105:11466 11473, 2008.

Anthony D. Barnosky. Megafauna biomass tradeoff as a driver of quaternary and future
extinctions. Proceedings of the National Academy of Sciences. 105:11543 11548, 2008.
Michel Loreau. Shahid Naeem, and Pablo Inchausti, editors. Biodiversity and Ecosystem
Functioning: synthesis and perspectives. Oxford University Press. 2002.

Elisa Thebault and Michel Loreau. Food-web constraints on biodiversity-ecosystem function-
ing relationships. Proceedings of the National Academy of Sciences, 100:14949 -14954, 2003.
D. U. Hooper, F. S. Chapin 111, J. J. Ewel, A. Hector, P. Inchausti, S. Lavorel. J. H. Lawton,
D. M. Lodge. M. Loreau. S. Naeem. B. Schmid. H. Setala, A. J. Symstad, J. Vandermeer,
and D. A. Wardle. Effects of biodiversity on ecosystemn functioning: a concencus of current
knowledge. Ecological Monographs, 75:3 35. 2005.

Boris et al. Worm. Impacts of biodiversity loss on ocean ecosystem services. Science, 314:787
790, 2006.

Robert MacArthur. Fluctuations of animal populations and a measure of community stability.
Eeology, 36:533 536, 1955.

Charles S. Elton. The Ecology of Invasions by Animals and Plants. Chapman and Hall,
London, 1958.

Robert M. May. Stability and Complezity in. Model Ecosystems. Princeton Landmarks in
Biology. Princeton University Press, Princeton, second edition, 2001.

Stuart L. Pimm. Complexity and stability: another look at macartur’s original hypothesis.
Oikos, 33:351 357, 1979.

Gary A. Polis. Complex trophic interaction in deserts: An empirical critique of food-web
theory. The American Naturalist, 138:123 155, 1991.

Kevin McCann, A. Hastings. and G. R. Huxel. Weak trophic interactions and the balance of
nature. Nature, 395:794 -798, 1998.

R. J. Williams and N. D. Martinez. Stabilization of chaotic and non-permanent food-web
dynamics. The Furopean Physical Journal B, 38:297 303, 2004.

Micho Kondoh. Foraging adaptation and the relationship between food-web complexity and
stability. Science, 299:1388 1391, 2003.

T. Okuyama and J. N. Holland. Network structural properties mediate the stability of mu-
tualistic communities. Ecology Letters, 11:208 216. 2008.

Kevin McCann. The diversity-stability debate. Naturc. 405:228- 233, 2000.

David W. Stephens and John R. Krebs. Foraging Theory. Monographs in Behavior and Ecol-
ogy. Princeton University Press, 1986.

Micho Kondoh. Linking flexible food web structure to population stability: a theoretical
consideration on adaptive food webs. In Peter C. de Ruiter, Volkinar Wolters, and John C.
Moore, editors, Dynaimic Food Webs: Multispecies Assemblages. Ecosystem Development and
Environmental Change., chapter Linking flexible food web structure to population stability:
a theoretical consideration on adaptive food webs.. pages 101-113. Academic Press, 2005.
Micho Kondoh. Does foraging adaptation create the positive comnplexity-stability relationship
in realistic food-web structure. Journal of Theoretical Biology, 238:646 651, 2006.

Josep L. Garcia-Domingo and Joan Saldana. Food-web complexity emerging from ecological
dynamics on adaptive networks. Journal of Theoretical Biology, 247:819 826, 2007.

A.P. Beckerman, O. L. Petchey, and P.H. Warren. Foraging biology predicts food web com-
plexity. Proceedings of the National Academy of Sciences, 103:13745 13749, 2006.

R. S. Ostfeld. Foraging strategies and prey switching in the california sea otter. Oecologia,
53:170- 178, 1982.

C. E. Siddon and J. D. Witman. Behavioral indirect interactions: multiple predator effects
and prey switching in the rocky subtidal. Ecology, 85:2938-2945, 2004.

M. van Baalen, V. Krivan, P. C. J. van Rijn, and M. W. Sabelis. Alternative food, switching
predators, and the persistance ot predator-prey systems. American Naturalist, 157:512 524,
2001.

29



[26] B. G. Miner, S. E. Sultan, S. G. Morgan. D. K. Padilla, and R. A. Relyea. Ecological conse-

quences of phenotypic plasticity. Trends in Ecology and Evolution, 20:685 692, 2005.

J. E. Duffy. Biodiversity and ecosystem function: the consumer connection. Oikos, 99:201-
219. 2002.

J. E. Duffy. B. J. Cardinale, K. E. France, P. B. McIntyre, E. Thebault. and M. Loreau.
The functional role of biodiversity in ecosystems: incoporating trophic complexity. Fcology
Letters, 10:522 538, 2007.

A. R. lves, B. J. Cardinale, and W. E. Snyder. A synthesis of subdisciplines: predator-prey
interactions, and biodiversity and ecosystem functioning. Ecology Letters, 8:102- 116, 2005.
J. A. Drake. The mechanics of community assembly and succession. Journal of Theorctical
Biology. 147:213 233, 1990.

Richard Law and R. D. Morton. Permanence and the assembly of ecological communities.
Ecology, 77:762 775, 1996.

Julie L. Lockwood, Robert D. Powell, M. Plillip Nott. and Stuart L. Pimm. Assembling
ecological communities in time and space. Oikos, 80:549 553, 1997.

J. M. Chase. Community assembly: when should history matter? Oceologia, 136:489 498,
2003.

T. Fukami and P. J. Morin. Productivity-biodiversity relationships depend on the history of
community assembly. Nature. 424:423 426. 2003.

Sebastian J. Schreiber and S. Rittenhouse. From simple rules to cycling in community assemn-
bly. Oikos, 105:349 358, 2004.

N. R. Virgo, Richard Law, and Mark Emmerson. Sequentially assembled food-webs and
extremum principles in ecosystem ecology. Journal of Animal Ecology, 75:377 386, 2006.

T. J. Case. Invasion resistance arises in strongly interacting species-rich model competition
communities. Proceedings of the National Academy of Sciences, 87:9610 9614, 1990.

G. D. Kokkoris, A. Y. Troumbis, and J. H. Lawton. Patterns of species interaction strength
in assembled theoretical competition communities. Feology Letters, 2:70 74, 1999.

N. Mouquet and M. Loreau. Community patterns in source-sink metacommunities. The
American Naturalist, 162:544- 557, 2003.

Kristen France and J. Emmett Duffy. Diversity and dispersal interactively affect the pre-
dictability of ecosystem function. Nature, 441:1139 1143, 2006.

U. R. Brose, R. J. Williams, and N. D. Martinez. Comment on foraging adaptation and the
relationship between food-web complexity and stability. Science, 301:918D, 2003.

P. Yodzis and S. Inues. Body size and consumer-resource dynamics. The American Naturalist,
139:1151 1175, 1992.

C. S. Holling. Principles of insect predation. Annual Review of Entomology, 6:163 182, 1961.
C. S. Holling. Resilience and stability of ecological systems. Annual Review of Ecology and
Systematics, 4:1 23, 1973.

Josel Hofbauer and Karl Sigmund. Evolutionary Gaines and Population Dynamics. Cambrige
University Press. 1998.

R. J. Williamns and N. D. Martinez. Simple rules yyield complex food webs. Nature, 404:180 -
183. 2000.

Joel E. Cohen. Food webs and the dimensionality of trophic niche space. Proceedings of the
National Academy of Sciences, 74:4533 4536, 1977.

Jennifer A. Dunne. The network structure of food webs. In Mercedes Pascual and Jennifer A.
ing Structure to Dynamics in Food Webs, pages

Dunne, editors, Ecological Networks: Lin
27 86. Oxford University Press, 2006.
Mark Emmerson and D. Raffaelli. Predator-prey body size, interaction strength and the
stability of a real food web. Journal of Animal Ecology, 73:399 -409, 2004.

U. R. Brose, R. J. Williams, and N. D. Martinez. Allometric scaling enhances stability in
complex food webs. Ecology Letters, 9:1228 1236, 2006.

Karl Havens. Scale and structure in natural food webs. Science, 257(5073):1107 1109, 1992.
Amy Downing and J. Timothy Wootton. Trophic position, biotic context, and abiotic fac-
tors determine species contributions to ecosystemn functioning. In Peter C. de Ruiter, Volk-
mar Wolters, and John C. Moore. editors, Dynamic Food Webs: Mullispecies Assemblages,
Ecosystem Development and Environmental Change. pages 295 307. Academic Press. 2005.
Josep L. Garcia-Domingo and Joan Saldana. Effects of heterogeneous interaction strengths
on food web complexity. Oikos, 117:336 343, 2008.

30



154]
[55]
[56]
[57)

(58]

(59]

G. D. Kokkoris, V. A. A. Jansen, M. Loreau, and A. Y. Troumbis. Variability in interaction
strength and implications for biodiversity. Journal of Animal Ecology, 71:362-371, 20021.
V. A. A. Jansen and G. D. Kokkoris. Complexity and stability revisited. Ecology Letters,
6:498-502, 2003.

E. Thebault and M. Loreau. The relationship between biodiversity and ecosystem functioning
in food webs. Ecological Research, 21:17- 25, 2005.

Jonathan M. Levine. Species diversity and biological invasions: relating local process to
community pattern. Science, 288:852-854, 2000.

Kendi F. Davies, Peter Chesson, Susan Harrison, Brian D. Inouye, Brett A. Melbourne,
and Kevin J. Rice. Spatial heterogeneity explains the scale dependence of the native-exotic
diversity relationship. Ecology, 86:1602-1610, 2005.

Hiroyuki Matsuda, Michio Hori, and Peter A. Abrams. Effects of predator-specific defence
on biodiversity and community complexity in two-trophic-level communities. Fvolutionary
Ecology, 10:13-28, 1996.

31



VITA

William John Tarantino

Mr. Tarantino was born on July 6, 1983 in Anchorage, Alaska. He graduated from
Woodbridge Senior High School in 2001. In 2004, while enrolled at the College
of William and Mary, Will researched the distribution of trees in the Appalachain
Mountains while hiking the 2200 mile long Appalachain for an honors project. He
also hiked the Pacific Crest Trail in 2003 and the Continental Divide Trail in 2005.
He graduated with honors from the College of William and Mary in Virginia with a
B.S. in Biology and Physics. Mr. Tarantino entered the Masters of Science program
at the College of William and Mary, School of Marine Science, in 2005.

32



